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PREFACE 

This design was developed based on the Statement of Work for the Accelerated Action Design 
for the Original Landfill (OLF), Subcontract No. KH-020525, and includes the following five 
submittals: 

• The Design Analysis, which includes a narrative description of the soil cover design 
(Regulatory Review Design Analysis, April2005); 1 

I 
I 

• The Design Analysis Appendices, which includes supporting technical cafculations 
(Regulatory Review Design Calculation Appendices, March 2005); 

• The Design Drawings, which include drawings to support construction (Regulatory 
Review Design Drawings, March 2005) 

• The construction specifications, which are consistent with the Construction Specification 
Institute (CSI) specifications template (Regulatory Review Specifications, March 2005); 
and 

• The Construction Quality Assurance (QA)/Quality Control (QC) Plan. (Regulatory· 
Review Construction Quality Assurance/Quality Control Plan, March 2005). 

The design submittals are organized into design documents and construction documents. The 
design documents include the Design Analysis and supporting calculations found in the Design 
Analysis appendices. Construction documents include the set of Design Drawings, the 
Specifications, and the Construction QA/QC Plan. The drawings contain information related to 
existing conditions, site regrading, final design grades, buttress design grades, surface water 
management, and supporting details. The Specifications and Construction QA/QC Plan contain 
detailed instructions on cover construction and construction quality. 
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1.0 INTRODUCTION 

The OLF Accelerated Action Design discussed in this design analysis was prepared to meet the 

objectives outlined in the Interim Measure/Interim Remedial Action (IM/IRA) for the OLF 

(Kaiser-Hill [K-H] 2005). Based on the 1M/IRA, an accelerated action consistent with the 

\ municipal and military landfill presumptive remedy of source containment after hot spot removal 
I 
· (completed in July 2004) was determined appropriate for the OLF. 

The presumptive remedy design was developed to meet the following objectives: 

• Design a stable landfill cover to prevent direct contact with landfill soil or debris and 

• Design a landfill cover that adequately controls erosion caused by stormwater run-on and 
runoff with rrunimal disturbance to natural habitat. 

These design objectives were met using a soil cover with the following components: 

• A regraded 18 percent surface and buttress at the toe of the landfill to meet stability 
requirements. Groundwater will be directed away from the buttress using a drain rock 
layer below the buttress. 

• A 2-foot soil cover above the regraded surface to prevent direct contact with landfill soil 
or debris. 

• Cover diversion berms and side channels with both temporary and permanent erosion 
control materials, including sufficient vegetation to control erosion. 

1.2 DESIGN CRITERIA 

The OLF will be closed consistent with the Resource Conservation and Recovery Act (RCRA) 

and Colorado Hazardous Waste Act closure perlormance standard for interim status units 

(6 Code of Colorado Regulations {CCR] 1007-3, Section 265.111). The design criteria for the 

OLF are functional requirements used as the basis for the design. The design criteria presented 

in the design include both minimum requirements that were formulated by compiling pertinent 

regulations, the Rocky Flats Cleanup Agreement (RFCA), industry standards, and engineering 

judgment to ensure proper design of the ·cover (K-H 2005). 

1-1 
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The following criteria were used to design the soil cover to meet the objectives: 

• Develop final soil cover top slopes of 18 percent and buttress top slopes of 2.75 to 
5 percent with 3 horizontal to 1 vertical (3H: 1 V) sideslopes. 

• Determine slope limitations and buttress requirements to maintain stability of the cover 
with factor of safety of 1.5 for static conditions and 1.0 for seismic conditions 1 using a 
seismic coefficient of 0.06 gravity (g). Alternatively for seismic, the deformation from a 
seismically induced permanent displacement must be 12-inches or less. . / 

• Accommodate anticipated settlement and subsidence of the landfill and 9over. 

• Minimize surface soil erosion to a maximum of 2 tons per acre per year (Environmental 
Protection Agency [EPA] 1991). 

• Determine surface water drainage patterns and the physical characteristics of the landfill 
and surrounding area to promote efficient surface water runoff and collection associated 
with a 100-year storm event with additional capacity to handle the 1,000:-year, 24-hour 
event. 

This proposed design meets criteria for the remedial action listed on Table 6-1 of the IMIIRA. 

1.2.1 Main Assumptions 

Assumptions are necessary to complete the design objectives and criteria. The lateral extent of 

wastes, one of the fundamental pieces of information necessary to develop plans for. the OLF 

Accelerated Action, was previously supplied by Kaiser-Hill as identified on the design drawings. 

Other assumptions used during the design include the following: 

• The variability, depth, areal extent, and engineering properties ·of on'-site soils, 
overburden soils, and underlying geologic units have been sufficiently characterized 
during previous site investigations. 

• Existing design drawings of above- and/or belowground structures on-site represent as
built conditions. 

1-2 
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The Design Analysis is organized into five sections: this introduction (Section 1.0), the general 

site setting (Section 2.0), a summary of the design activities (Section 3.0), a summary of the 

construction documents (Section 4.0), and references (Section 5.0). 

1-3 
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2.0 GENERAL SITE SETTING 

The Rocky Flats Environmental Technology Site (RFETS) is located on a 6,240~acre site in 

Sections 1 through 4 and 9 through 15 of Township 2 South, Range 70 West, 6th Principal 

Meridian, approximately 16 miles northwest of Denver, Colorado, in northern Jefferson County. 

2.1 SITE DESCRIPTION 

The OLF covers approximately 20 acres and is located south of the RFETS Industrial Area (lA) 

pediment on a south-facing hill slope north of Woman Creek (K-H 2005). The OLF was used to 

dispose of solid sanitary and construction debris wastes generated at the Rocky Flats Plant from 

1952 to 1968 (Rockwell 1988). The landfill was not designed or operated as an engineered 

landfill. Aerial photographs indicate that the landfill was operated as an area fill (EG&G 1994). 

Waste was merely dumped in the area vertically below and just south of the southern edge of the 

alluvial pediment on which the RFETS lA is located. The waste disposal area lies north of 

Woman Creek. The waste was generally spread over the south-facing hillside, filling in the area 

below the pediment edge. No liner or other collection barrier was installed between the waste 

and the existing surfaces. Further data on the OLF and its physical status are available in the 

OLFIMIIRA. 

2.2 PREVIOUS REPORTS 

A number of previous reports have been prepared for the site for the purpose of evaluating 

physical characteristics, potential contamination, and remedial actions/designs. Previous reports 

reviewed for this design include: 

• Accelerated Action Design for the Original Landfill Geotechnical Investigation Phase 3 
Stability Analysis Technical Support Memorandum (Earth Tech 2004); 

• RFETS Geotechnical Investigation for Operable Unit No. 5 (Metcalf and Eddy 1995); 
and 

• Final IMIIRA for the OLF (K-H Company 2005). 

2-1 
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3.0 SUMMARY OF DESIGN ACTIVITIES 

The Accelerated Action Design includes soil cover and buttress grade development as well as 

supporting calculations. A summary of the grade development and calculations used to develop 

the OLF soil cover is included in the following sections. 

3.1 LANDFILL REGRADE, FINAL GRADE, AND BUTTRESS CONTOUR 
i DEVELOPMENT 

\To support the proposed soil cover, the surface of the landfill will be regraded and sufficiently 

compacted. To accomplish this, soil and potential waste material will be relocated within the 

limit of waste and regraded to 18 percent as specified by the design, leaving exposed waste at the 

surface. To ensure the elimination of this exposure to waste, the design regrade surface will 

initially be graded to 1 foot below design regrade surface. One foot of Rocky Flats Alluvium 

(RFA) will then be imported and placed over the surface in order to reach the design regrade 

elevations. This will be followed by placement of a 2-foot soil cover. 

The buttress design includes the excavation of unconsolidated fine-grained materials within the 

buttress footprint at the toe of the existing OLF slope. The excavation depth will be at the 

discretion of the site engineer or geologist. Once the unconsolidated fine-grained material is 

reached, biaxial geogrid will be placed on the surface, eliminating potentially unsuitable areas or 

soft spots. Drain rock will then be placed over the geogrid. In areas where the buttress footprint 

is above the existing toe of the OLF, the surface will be grubbed before placing 1 foot of drain 

rock. The drain rock will then be covered with a geotextile filter fabric, after which buttress 

material will be added to meet the design grades of 2.75 to 5 percent on top and 3H:1V for 

sideslopes. 

3.2 STABILITY OF PROPOSED COVER 

PCST ABL5M software was used to analyze slope stability of the proposed soil cover for the 

OLF under both static and dynamic (seismic) conditions. Possible slope failure may be caused 

by translational forces through weak soil layers and rotational failures within surfaces passing 

through the cover system and underlying wastes. 

3-1 
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The stability of the proposed soil cover with buttress is controlled by the following: 

The stability analyses were completed under static and seismic (pseudostatic) loading conditions. 

For static conditions, a 1.5 factor of safety was used. For seismic loading conditions, a 

pseudostatic acceleration coefficient of 0.06g was used as determined in the Geotechnical 

Investigation Phase 3 Stability Analysis Technical Support Memorandum of the Accelerated 

Action Design for the Original Landfill ([Phase 3 Report] Earth Tech 2004). This is equal to 

one-half of the peak bedrock acceleration as determined as part of the study of . both the 

probabilistic and deterministic site-specific seismic shaking hazard by Risk Engineering (Risk 

Engineering 1995). If this factor of safety was calculated below 1.0, then a deformation analysis 

was conducted· to verify that the design met the criteria of permanent seismically induced 

displacements of less than 12 inches. 

Results of the stability analysis are found in Appendix A and summarized in Table 3-1. These 

slope· stability calculations indicate that the cover system and the underlying materials will meet 

the required factors of safety for both static and pseudostatic conditions. 

3-2 
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3.3 SETTLEMENT OF PROPOSED COVER 

Settlement of the cover at the OLF may occur as a result of consolidation of underlying material 

and settlement of the cover material themselves. Settlement may result in the following: 

• 
• 

Increased permeability of final cover soils because of cracking and depressions; 
Slope instability because of modified side slopes; or 

• Surface water drainage disruption or ponding because of changes in design slopes . 

The. settlement analysis was based primarily on section B-B' of the Metcalf & Eddy report. 

Settlement of weathered claystone, valley fill alluvium, colluvium/slide material, waste, buttress 

material, regrade materi~ll. and cover soil was considered on four points along Metcalf & Eddy 

cross-section B-B'. In addition, settlement was calculated at points along Metcalf & Eddy cross

sections A-:.A' and C-C' to determine lateral settlement. The Sowers Method was used for the 

calculation of geotechnical data from the Phase 3 Report, and Centennial Pit Fine and RF A data. 

Once settlement at the specific points was calculated, differential settlement situations were 

evaluated to determine whether excessive slopes or ponding would be problematic should this 

extreme differential settlement occur. Results found in Appendix B and summarized in Table 

3-2 indicate that slopes could increase to 20.6 percent along cross-section B-B' or 26 percent if a 

"pothole" type settlement situation exists. For both situations, this slope increase would not 

result in excessive erosion using the Revised Universal Soil Loss Equation (RUSLE) discussed 

in Section 3.4. Ponding as a result of decreased slopes is not expected using the calculations 

because of the relatively steep 18-percent design grades on the cover. However, because 

settlement and differential settlement could occur, monitoring is integral to the post-closure 

period. 

3.4 RAINFALL SOIL EROSION AND WIND EROSION LOSS 

Calculations were performed to evaluate the potential for rainfall and wind erosion at the OLF 

and to determine if additional erosion control measures are required. The evaluation of potential 

rainfall erosion of the OLF soil cover was based on the following design criteria: 

3-3 
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• The OLF consists of an 18-percent slope and a maximum drainage distance of 150 feet 
using diversion berms. 

• Buttress top slopes are 2.75 to 5 percent andsideslopes are 3H:1V with a maximum flow 
distance of 30 feet using diversion berms. 

• As guidance only, the design erosion rate shall not exceed 2.0 tons per acre per year 
(tons/acre/year) as stated in Section 2.2.5.3 of the Technical Guida~ce for 
RCRA/CERCLA Final Covers (EPA 2002). 

3.4.1 Rainfall Soil Erosion Loss 

Soil _erosion at the OLF will occur when soil particles are displaced and carried away by storm 

water. The rate at which this erosion occurs depends on the properties of the cover soil, the slope 

of the land, rainfall intensity and duration, and the volume and characteristics of the water flow. 

The soil erosion rate due to rainfall was calculated using the RUSLE. The RUSLE predicts the 

average soil losses in runoff from a given site based on specific physical and management 

erosion variables. The U.S. Department of Agriculture has developed a program that computes 

rainfall soil erosion using data for different sections of the country. These data are contained in 

databases that have been incorporated into the program. 

Rain erosion for several cover conditions was calculated and results are found in Appendix C. 

The results show that when the RFA reaches a mature state, rain erosion is 1.3 tons/acre/year 

on the soil cover slope regardless of whether vegetation is established. If the cover is bare 

before the RFA reaches a mature state (which is similar to the conditions immediately after 

construction), the rain erosion rate is 7.5 tons/acre/year or above the maximum allowable. 

Bare conditions are unlikely since the cover will be seeded, mulched, and covered with 

temporary erosion control mats, resulting in a rain erosion rate of 0.53 ton/acre/year. Rain 

erosion on the buttress sideslope was determined at 0.72 ton/acre/year with erosion control mat 

and 1.5 tons/acre/year with established vegetation. 

3-4 
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The erosion rate due to wind was calculated using the Wind Erosion Equation (WEQ). The 

WEQ predicts the long-term average soil losses due to wind from a given site based on specific 

physical and management erosion variables. 

Wind erosion for several cover conditions was calculated and results are found in Appendix C. 

\The results show that when the RFA reaches a mature state, wind erosion is 0 ton/acre/year on 

· the soil cover regardless of whether vegetation is established. If the slopes are bare before the 

RFA reaches a mature state, the wind erosion is excessive. Bare conditions are unlikely since the 

cover slope will be seeded, mulched, and covered with erosion mat, resulting in a wind erosion 

rate of 0.60 ton/acre/year. The same erosion rate of 0.60 ton/acre/year applies when vegetation 

becomes established. The buttress sideslope wiii be covered with temporary erosion control mat 

which result in a wind erosion rate of 0.40 ton/acre/year. With established vegetation, the wind 

erosion is also 0.40 ton/acre/year. 

3.4.3 Rainfall and Wind Erosion Summary 

The calculations show that erosion control material is needed on both the cover slope and 

buttress sideslope to limit erosion. Once vegetation has established and RFA reaches a mature 

state, total erosion is below the guidance criteria. Table 3-3 provides a summary of rainfall 

erosion, wind erosion, and total erosion for the OLF. 

3.5 SURFACE WATER MANAGEMENT 

The design approach to the OLF storm water control addresses the following criteria: 

• Use surface water control structures to adequately convey the runon to and runoff from 
the OLF based on a 100-year, 24-hour storm event with freeboard capacity to handle a 
1,000-year, 24,..hour storm event. 

• Reduce sediment transport following construction while the landfill area is disturbed. 
Once vegetation is established, conditions will be similar to surrounding areas. 

• Minimize the loss of habitiat by eliminating structures such as riprap channels or riprap 
check dams. 

3-5 
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SEDCAD4 software was used to model the 100-year and 1,000-year storm run-on and runoff 

surface water flows. The software is based on the National Resource Conservation Service 

(NRCS) approach for rainfall distribution and on the NRCS curve number/unit hydrograph 

approach to predict peak flows. The NRCS storm-type distributors are considered very 

conservative, leading to higher peak flows than any actual measured storm. 
I 
I 
I 

I 
Surface water management features required at the OLF to achieve the design criteria are 

discussed in Appendix D and include the following: 

• Seven cover diversion berms with temporary check dams to capture overland flow, 
reduce sediment load, and route it to side channels. Diversion berms will be lined with 
erosion control mat until vegetation is established, sufficiently limiting channel erosion. 

• Three buttress sideslope diversion berms with temporary check dams to capture overland 
flow, reduce sediment load, and route surface water off of the buttress. Diversion berms 
will be lined with erosion control mat until vegetation is established. 

• A permanent erosion control/vegetation-lined channel on the west to convey stormwater 
to below the buttress fill. 

• A permanent erosion control/vegetation-lined channel on the east to convey stormwater 
to below the buttress fill. 

Temporary and permanent erosion protection for the side channels and diversion berms was 

determined using the North American Green (NAG) Erosion Control Materials Design Software, 

Version 4.2. NAG software calculates flow depth, velocity, and hydraulic radius using the 

continuity equation (Q=VA) and Manning's Equation (or a modified Chezy's Equation). Once 

these are known, the shear stress on the lining material is calculated. 

3.6 GROUNDWATER CONTROL 

3.6.1 Groundwater Model 

The 1995 Metcalf & Eddy report concluded that, based on examination of 62 shallow 

groundwater monitoring wells and geotechnical borings, most groundwater in the study area 

appears to be perched atop bedrock within the deeper portions of colluvium and fill overlying 

bedrock. The source of most groundwater was interpreted to be within the lower portion of the 

3-6 
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Rocky Flats Alluvium, penetrating the colluvium and/or fill surficial deposits. Based on the 

previous groundwater level measurements, the shallow groundwater appeared to concentrate in 

the lower portion of the surficial deposits and flow downslope near parallel to the ground and 

bedrock surfaces, as shown on Metcalf & Eddy geologic cross sections. 

More recently, in support of the current project efforts, a comprehensive hydrogeologic model 

has been developed for K-H Company by Integrated Hydro Systems, LLC, based on the 

\groundwater monitoring wells and geotechnical borings throughout the RFETS area. The results 

of this hydrogeologic model are the subject of a separate technical support memorandum. Input 

from the model in assigning groundwater levels used in the landfill slope stability analysis, for 

the geologic cross sections analyzed, is included in Appendix A. 

In general, groundwater was found to approximately follow the shape of the top of the weathered 

claystone bedrock profile and to be located within the lower portion of colluvium and fill 

surficial deposits. For the stability analysis, the groundwater was modeled for a typical year 

using the regraded surface and the buttress with sub-drain. For a wet season climate condition, 

modeled groundwater was observed to rise. The modeled groundwater elevations used in the 

slope stability evaluation were those for a mean annual wet-year groundwater level, and a 

maximum annual wet-year groundwater level. Groundwater depths for these conditions can be 

found in the cross-sections included in Appendix A. 

Simulated annual discharge rates for the sub-drain were less than 1 gallon per minute (gpm) as 

determined by Integrated Hydro Systems (2004). This value was then used to size the buttress 

sub-drain drainage rock discussed in the following section. 

3.6.2 Buttress Sub-Drain 

A buttress sub-drain was designed as part of the buttress to direct groundwater flow below the 

buttress to the stream alluvium of Woman Creek. This will minimize buttress saturation, which 

would compromise the stability of the landfill. 

The buttress sub-drain was designed to meet the following criteria: 

3-7 
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• Pass a maximum discharge of 1 gpm based on the discharge rate presented in the 
Integrated Flow and VOC Fate and Transport modeling (Integrated Hydro Systems 
2004); and, 

• Minimize sedimentation of the buttress drainage system from native and buttress 
materials. 

To determine the drainage rock size, Darcy's law was used, which shows that a well-so~ed sub-, 
angular rock with diameters from 1 Yz inches down to % inches has the capability of trarlsmitting 

112 gpm or above the 1 gpm criteria. To minimize sedimentation of the .buttress drainage 

system, the drainage rock will be overlaid with a geotextile filter fabric. Results of the buttress 

sub.:.drain design are found in Appendix E. 

3.7 EVALUATION OF 100-YEAR EVENT FROM WOMAN CREEK ON THE TOE 
OF THE BUTTRESS 

The toe of the buttress will be constructed within the flood plain of Woman Creek and will act as . 

the channel sideslope during certain storm events. Therefore, the lQO;.year storm is evaluated to 

determine the height of the flow on the buttress and if the proposed cover material on the 

buttress sideslope is sufficient to minimize erosion. 

The velocities of the Woman Creek flow at the given 480 cubic feet per second (cfs) were 

determined with. three methodologies: (1) the continuity equation (Q=VA), (2) Chezy's 

Equation, and (3) the NAG model (which uses a modified Chezy's Equation). Fotir cross

sections within the buttress and Woman Creek were evaluated, which resulted in varying channel 

widths and sideslopes. The highest flow depth up the buttress was calculated at 2.02 feet and the 

greatest velocity was 4.06 feet per second. The model showed that vegetation is sufficient to 

protect the buttress, although permanent erosion mat will be placed to reinforce the vegetation. 

Results are found in Appendix F. 

3.8 GEOTECHNICAL AND BOREHOLEffEST PIT LOG DATA 

Appendix G presents both geotechnical data and borehole/test pit logs used to develop the OLF 

soil cover and buttress. Currently, a pit fine material from local borrow areas is proposed for use 

3-8 
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as the buttress. Pit fines are created from the portion of material in the quarry that passes the 

0.5-inch sieve. Both local borrow sources, Centennial and LaFarge, have stockpiles of this 

material. The appendices include data from the Centennial Pit fines, including sieve analyses, 

Atterberg limits, standard Proctor data, consolidation data, and strength data. RF A is proposed 

for use as regrade and soil cover material. Centennial RF A sieve and Atterberg data are also 

included. Borehole and test pit logs are included for those locations within the footprint of the 

\ buttress. These were used to determine the potential depth of the excavation preceding buttress 

placement. 
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4.0 CONSTRUCTION DOCUMENTS 

4.1 DESIGN DRAWINGS 

The information presented in this design analysis report is reflected in the Design Drawings that 

form an integral part ofthe design for the OLF Accelerated Action. These drawings document 

existing conditions, final conditions, and construction details. The drawings include: 

Drawing Description 
! 

51788-X001 RFETS OLF Cover Sheet 

51788-001 Vicinity Map and Drawing Index 

51788-002 Existing Conditions 

51788-003 Buttress Footing Excavation 

51788-004 Buttress Construction Grades 

51788-005 Cut/Fill Isopach of 1-Foot Lowered Regrade Surface 

51788-006 Design Top of Regrade Surface Final Contours 

51788-007 Design Top of Final Cover Contours 

51788-008 Design Channels 

51788-009 Surface Water Management Plan 

51788-010 Landfill Wide Cross Sections 

51788-011 Landfill Cover Details Buttress Construction 

51788-012A Landfill Cover Details Surface Water Controls 

51788-012B Landfill Cover Details Surface Water Controls 

51781-013 Buttress Cross Sections 

51788-014 Final Cover Perimeter Tie In Details 

51788-015a Typical Channel Cross Section for Construction - West Channel 

51788-015b Typical Channel Cross Section for Construction - East Channel 

4.2 SPECIFICATIONS FOR CONSTRUCTION 
This section provides an index of the Specification sections used from the 16 CSI Divisions. 

Divisions used for the design and construction of the cover for the OLF at RFETS are as follows: 

• Division I- General Requirements (9 Sections) 
• Division 2- Site Construction (10 Sections) 

4-1 
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These specifications follow recommended procedures and philosophy of the CSI, as adopted by 

Earth Tech. The specifications are provided under separate cover. 

4.3 CONSTRUCTION QUALITY 
\ A construction QA/QC plan has been prepared under separate cover to ensure the following: 

• All RFETS project activities are performed in a manner consistent with the intent of all 
approved Design Drawings and Specifications. 

• All performance criteria are achieved. 

• The specified quality of work is maintained. 

These objectives will be accomplished with QC and QA personnel on-site during construction. 

QC is the overall system of technical activities that measures the attributes and performance of a 

process, item, or service against defined standards to verify that the process, item, or standard 

meets the established requirements. QA is the system that provides oversight and evaluation of 

the QC process and overall quality goals to ensure that QC is working effectively and that the 

project goals are being met. 
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5.0 CHANGE MANAGEMENT 

Change is an inevitable part of projects; therefore, change management is an essential part of the 

process. Changes during construction enhance value to the overall project. Planning for change 

by developing appropriate guidelines and processes is crucial to the successful execution of the 

project. 

5.1 TYPES OF CHANGES 

Changes encountered during a project generally arise from within the project team, from the 

owner, or from external sources (e.g., regulatory agencies). Changes arising from the project 

team may include the following: 

• Continuous improvement of the design during construction to improve performance, 
constructibility, reliability, operability, or aesthetics; 

• Deviation from quality standards; 

• Owner-initiated changes to the design; 

• Changes in availability of materials, labor, equipment, or other resources; and 

• Changes due to field conditions. 

5.2 THE CHANGE MANAGEMENT PROCESS 

The process of managing change is as follows: 

1. Identify the issue. 
2. Evaluate options. 
3. Recommend corrective measures. 
4. Document the issue and corrective measure. 
5. Get approval as appropriate. 

5.3 SPECIFIC CHANGE MANAGEMENT PROCESS FOR OLF 

Three types of change management will be used at the OLF depending on the issues and selected 

corrective measures. The goal of the project is to resolve all design issues withing 24 hours so 

that there are no delays in the schedule. 

5-1 
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5.3.1 Engineering Change Request (ECR) 

ECRs will be used to document design changes. The following process will be used for ECRs: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Potential changes may be identified by anyone: field staff, regulators, QA/QC staff, 
safety, engineering, or management. The RM will be immediately notified of a potential 
change. 

The RM or designee will notify CDPHE by telephone or e-mail that a potential issue has 
been identified,· and the project team will evaluate options. (CDPHE is welcome to 
participate.). 

The ECR should clearly describe the proposed change and reason(s) that the change is 
being requested. For specification changes, the design change should provide the specific 
modified language along with the location of the change within the specifications. For a 
drawing change, a modified or marked up portion of the drawing should be provided 
along with the description and reasons for the change. 

The project team will present proposed design/construction modifications (if necessary) 
to the CQAE and the DM for concurrence. 

The project team will present the proposed option as an ECR to the RM for approval. 

The ECR will be assigned a number and entered into the ECR log. 

The RM or designee will forward the ECR by e-mailor fax, followed up by phone call, to 
the designated person at CDPHE for approval. . The designated person at CDPHE must be 
available at all times to resolve the issues in a timely manner. 

The CDPHE representative must respond within 12 hours and have the issue resolved 
within 24 hours. 

Exceptions may be necessary for especially complex issues that may require the 
involvement of many people. 

For time critical changes, a "conditional release" could be granted pending approval. A 
conditional release implies that the project is proceeding with the design change at risk. 

5.3.2 Request for Information (RFI) 

The RFI process will be used for clarification of and/or additional information about the design. 

The following steps will take place during the RFI process: 

1. The issue is identified. 

2. The project team identifies the issue as "clarification" or "information only." 
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3. After approval by the RM, the issue ts documented and e-mailed or faxed to the. 
appropriate person or agency to address. 

4. The RFI is assigned a number and entered into the RFI log. 

5. The RFI shall be addressed within 12 hours. 

6. Approval signatures will not be required. 

5.3.3 Field Changes 

Minor changes to the alignment of the the surface water control structures •. the limits of the 

regrade, and limits of the cover soil due to unexpected field conditions may be documented by 

the field change process. These changes will not impact surface water drainage or the minimum 

of 2 feet of cover over the waste. Examples may be extending the cover spil for improved 

drainage, additional grading to improve drainage near the limits of the grading, minor changes to 

diversion ditch alignment, etc. This process is described as follows: 

1. Unexpected conditions are identified that negatively affect the alignment or limts. 

2. The alignment change will have concurrance from the CQAE and documented in the 
foreman's field log book. 

3. Field changes will be approved by the RM or designee. 

4. Final documentaion of minor alignment changes will be captured in the red-line drawings 
and "As-Built" drawings. 

5.4 PROJECT TEAM RESPONSIBILITIES FOR MANAGING CHANGE 

The project team responsibilities include the following: 

• A construction Superintendant shall be on-site during all design construction activities. 

• The Site Quality Assurance Manager shall be on-site during all design construction 
activities. 

• The RM (or designee) shall be available during all design construction activities. 

• The DM shall be available during all design construction activities. 

• A design engineer shall be on-site during all design construction activities or as directed 
bytheRM. 

• A project safety representative shall be on-site during all design construction activities. 
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• The CDPHE and Department of Energy project representatives should be on-site as milch 
as possible to address and authorize ECRs. 

Each of the above must authorize a competent person to perform the above duties when not 

available. Being available means immediate contact by phone and can be on-site within 

approximately one hour. 

\ 5.5 CHANGE MANAGEMENT SCHEDULE 

Due to the aggressive scheule of this project, all changes will attempt to be completed and 

authorized within 24 hours or less. This schedule will require timely response to each change 

from the entire project team, RM, DM and CDPHE representative (and supporting agencies as 

necessary). Authorization may be accomplished by e-mail or fax. 

5-4 
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Groundwater 
Condition 

100-Year Wet 
Year 

Groundwater 
Condition 

100-YearWet 
Year 

Groundwater 
Condition 

100-YearWet 
Year 

TABLE3-1 
SUMMARY OF SLOPE STABILITY CALCULATIONS 

RFETS ORIGINAL LANDFILL 

Geometric 
Condition 

Overalll8% 
Regrade with 

Buttress 

Local 
Toe/Buttress 

Area 

Geometric 
Condition 

Overalll8% 
Regrade with 

Buttress 

Local 
T oeiB uttress 

Area 

Geometric 
Condition 

Overalll8% 
Regrade with 

Buttress 

Local 
Toe/Buttress 

Area 

ross ec on - ~ C S ti A A' Stabilit 
Minimum Safety 

Analysis Factor 
Type1 

Static 
Pseudostatic 

0.06g2 

Circular 
1.7 0.9 Search 

Sliding 
Block 1.6 0.9 
Search 

Circular 
1.5 1.0 

Search 

ross ec IOn - ~y C S f B B' Stabilit 
Minimum Safety 

Analysis Factor 
Type 

Static 
Pseudostatic 

0.06g2 

Circular 
1.9 1.1 

Search 
Sliding 
Block 1.9 1.0 
Search 

Circular 
Search 1.8 1.2 

Cross Section C-C Stability 

Analysis 
Type 

Circular 
Search 
Sliding 
Block 
Search 

Circular 
Search 

Minimum Safety 
Factor 

Pseudostatic 
Static 

0.06i 

1.9 1.1 

2.0 1.1 

1.7 1.1 
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Yield 
Acceleration3 

0~04 

0.03 

0.05 

Yield 
Acceleration3 

0.08 

0.06 

0.09 

Yield 
Acceleration3 

0.08 

0.08 

0.10 

Maximum 
Seismic 

Displacement 

5-inches 

6-inches 

I 

4-inch~ 
I 

Maximum 
Seismic 

Displacement 

l-inch 

3-inches 

<l~inches 

Maximum 
Seismic 

Displacement 

l-inch 

l-inch 

<1-inches 
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Groundwater 
Condition 

100-YearWet 
Year 

TABLE3-1 
SUMMARY OF SLOPE STABILITY CALCULATIONS 

RFETS ORIGINAL LANDFILL 

ross ec on - ty C S ti D D' Stabilit 
Minimum Safety 

Geometric Analysis Factor Yield 
Condition Type Pseudostatic Acceleration3 

Static 
0.06g2 

Circular 
1.8 1.0 0.05 

Overa1118% Search 
Regrade with Sliding 

Buttress Block 1.8 1.0 0.05 
Search 

Local 
Circular 

Toe/Buttress 
Search 

1.5 1.0 0.05 
Area 

Maximum 
Seismic 

Displacement 

4-inches 

4-inches 

4-inches 

Notes: Bold results mdtcate a safety factor below destgn cntena safety factors. However, deformatiOn 
analyses showed deformation within design criteria. See Appendix F and Figure FlO of the Phase 
3 report for deformation analysis procedure. 

1 Circular search results based on Bishop's Modified Method of Analysis. Sliding block search 
based on Janbu's Modified Method of Analysis, with results based on more rigorous and more 
accurate Spencer's Method of Analysis performed on the critical surface identified from the 
search. 

2 Seismic coefficient for pseudostatic analysis. 
3 Seismic coefficient that produces safety factor of 1.0 in pseudostatic analysis. 
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Total 
Point Calculated 

Location Settlement 
(feet) 

Point A 2.86 

Point B 2.54 

Poirit C 1.45 

Point D 1.99 
Point A 2.86 

PointE 1.34 
Point A 2.86 

PointF 1.42 

TABLE3-2 
SUMMARY OF SETTLEMENT CALCULATIONS 

RFETS ORIGINAL LANDFILL 

Design Final 
Distance Grade Design Slope 
Between Elevations at Between . 
Points Point Point 
(feet) Locations Locations 

(feet) 
6025 

85 18% 
6010 

155 13% 
5990 

130 14% 
5972 
6025 

310 5% 
6010 
6025 

370 9.5% 
5990 
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Revised Top Revised 
of Landfill Slope 
Slope@ 30 · Between 

Years Point 
(feet) Locations 

6022.14 
17.3% 

6007.46 
I 12.2% 

5988.55 i 

I 14.3% 
5970.01 
6022.14 

4.4% 
6008.66 
6022.14 

9.1% 
5988.58 



TABLE3-3 
SUMMARY OF SOIL EROSION CALCULATIONS 

RFETS ORIGINAL LANDFILL 

Cover Slope Cover Slope 
Condition RFA MatureRFA 

(tons/acre/year) (tons/acre/year) 

Bare 
Disturbed soil immediately after Rain: 7.50 Rain: 1.30 
construction with no erosion Wind: 21.6 Wind: 0.00 
control Total: 29.1 Total: 1.30 

Seed/Mulch Rain: 3.60 
Disturbed soil immediately after ·Wind: 0.60 NA 
construction with seed and mulch Total: 4.20 

Temporary Erosion Control Rain: 0.53 
Disturbed soil immediately after Wind: 0.60 NA 
construction with seed, mulch and Total: 1.13 
temporary erosion mat 
Established Vegetation Rain: 1.90 Rain: 0.34 

Wind: 0.60 Wind: 0.00 
Total: 2.50 Total: 0.34 

Note: NA Not apphcable 
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Buttress Sideslope 
(tons/acre/year) 

Rain: 18.0 
Wind: 11.8 
Total: 29.8 

Rain: 3.80 
Wind: 0.40 
Total: 4.20 

Rain: 0.72 
Wind: 0.40 
Total: 1.12 

Rain: 1.50 
Wind: 0.40 
Total: 1.90 
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MAY 11,2005 

Prepared by: 

Earth Tech, Inc. 
5575 DTC Parkway, Suite 200 
Englewood, Colorado 80111 

(303) 694-6660 

This calculation was performed by Earth Tech, Inc. Although each sheet composing this calculation may or may 
not be initialed, it has nonetheless been reviewed and checked. 

Prepared By: SK Date: 4/14/05 
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1.0 INTRODUCTION 

Sheet AI 

Project No. 57378 6040 Date: 5/11/05 

Date: 4/14/05 App By: =RT-"---- Date: 4/14/05 

The purpose of this calculation is to determine the stability of the Original Landfill located on the Rocky Flats 
Environmental and Technology Site (RFETS). The slope stability is determined using of PCST ABL5M computer 
software. 

2.J LANDFILL DESCRIPTION AND LOCATION 

The Original Landfill site is located south of RFETS Buildings 440 and 460, along the north hillside of a ravine in the 
Woman Creek drainage area, extending from an approximate elevation of 6,040 feet at the top to an elevation of 5,950 
feet at its base. Waste operations began in the early 1950s and continued through 1968. The Original Landfill site 
footprint has a maximum length along the east-west direction of approximately 1,700 feet and approximately 500 feet in 
the north-south direction, with an approximate area on the order of 20 acres. Existing slope gradients range from 
approximately flatter than 6 to.1 (horizontal to vertical) to 2 to 1, with a total slope height from the top of the hillside to 
the Woman Creek drainage of about 90 feet. 

As part of the accelerated action at the Original Landfill, the existing slopes will be regraded to an overall 18 percent 
slope with a 2-foot soil cover and drainage improvements. In addition, a buttress and buttress toe drain (also considered 
a blanket drain) will be installed at the base of the landfill for stability enhancements. 

3.0 REFERENCES 

Slope stability evaluation of the proposed cover was completed using the guidelines provided in the following 
documents: . 

1. PCSTABL5M Design Software. Purdue University. 

2. Accelerated Action Design for the Original Landfill Geotechnical Investigation, Phase 3 - Stability Analysis 
Technical Support Memorandum, Earth Tech, 2004. 

3. RFETS, Geotechnical Investigation for Operable Unit No.5, Metcalf and Eddy, September 1995. 

4. Factors of Safety: "Technical Guidance for RCRA/CERCLA Final Covers," Chapter 6, Geotechnical 
Analysis and Design, Draft. US EPA, April2002 (Attachment 1, Page 6-21) and Reference 1. 

4.0 STABILITY CRITERIA 

The stability analysis will meet the following design criteria developed in the Accelerated Action Design for the 
Original Landfill Geotechnical Investigation Phase 3 Stability Analysis Technical Support Memorandum (Phase 3 
report) (Earth Tech 2004). Static stability is based on Technical Guidance for RCRA/CERCLA Final Cover (US EPA 
2002) There are no specific guidelines regarding seismic stability, therefore the criteria were developed considering 
the project site setting, geologic conditions, standard of practice, and various regulatory requirements. The design 
criteria are as follows: 
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5.0 PCSTABL MODELS 

Table A-1 Desi2n Criteria 
Stability Minimum Safety Factor 

Static 1.5 

Seismic 

1.0 for a seismic coefficient of 0.06g 
or 

Deformation analysis with a 
seismically induced permanent 

displacement of 12 inches or less 

Sheet A2 

Date: 5/11/05 

Date: 4/14/05 

The PCST ABL model runs were conducted for four cross-sections originally defined in· the RFETS Geotechnical 
Investigation for Operable Unit No. 5 (Metcalf and Eddy 1995). The Metcalf and Eddy cross-sections (A-A', B-B', 
C-C', and D-D') were modified to include the proposed grading plan and the buttress. The PCST ABL models require 
development of a section for analysis as well as input of the engineering properties of the material within the sections . 
Additional input data including boundaries, piezometric surface data, and failure type are also required~ The 
following sections summarize this input. Additional information is found in Attachment 2. 

Section for Analysis 

Sections for analysis were similar to those analyzed in the Phase 3 report with the addition of Metcalf and Eddy cross
section A-A'. Minor changes were made to cross-sections A-A', B-B', C-C', and D-D' to reflect the latest grading 
plan and buttress configurations and to reflect updated groundwater levels and drainage beneath the buttress. 

Engineering Material Properties 

Engineering material properties used in the modeling are identical to those used in the Phase 3 report and from the 
Centennial Pit Fine data included in Appendix G and summarized in Attachment 2. See Figures 2 through 6 of the 
Phase 3 report for material properties. 

Groundwater Levels 

Groundwater levels used for the stability modeling are based on the updated groundwater modeling of the OLF by 
Integrated Hydro Systems (see Attachment 2). From this modeling, the 100-year wet year (maximum annual 
groundwater level- wet year climate) was transposed to the four stability cross-sections for analysis. 

Computer Program Input Data 

Additional input data are found in Attachment 3 and include boundaries of the section for analysis, soil properties, 
piezometriC surface data, and failure type. Actual input/output file names are found in Attachment 4, and computer 

· runs are found in Attachments 5 and 6. 
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6.0 RESULTS 

Attachment 1 and ·the following tables summarize the output of the PCST ABL model runs. Maximum seismic 
displacements were calculated using a simplified deformation analysis as described in the Phase 3 report. 

\ 
Groundwater 

Condition 

100-Year Wet 
Year 

Groundwater 
Condition 

100-Year Wet 
Year 

Groundwater 
Condition 

100-Year Wet 
Year 

Geometric 
Condition 

Overall18% 
Regrade with 

Buttress 

Local Toe/ 
Buttress Area 

Geometric 
Condition 

Overall 18% 
Regrade with 

Buttress 

Local Toe/ 
Buttress Area 

Geometric 
Condition 

Overall18% 
Regrade with 

Buttress 

Local Toe/ 
Buttress Area 

Table A-2 Cross Section A-A' Stability 

Minimum Safety Factor 
Yield Maximum 

Analysis Type1 
Pseudostatic Acceleration3 Seismic 

Static 
0.06g2 Displacement 

Circular 
1.7 0.9 0.04 5 inches Search 

Sliding Block 
Search 

1.6 0.9 0.03 6 inches 

Circular Search 1.5 1.0 0.05 4 inches 

Table A-3 Cross Section B-B' Stability 

Minimum Safety Factor 
Yield Maximum 

Analysis Type1 
Pseudostatic Acceleration3 Seismic 

Static 
0.06g2 Displacement 

Circular 
1.9 1.1 0.08 1 inch Search 

Sliding Block 
Search 1.9 1.0 0.06 3 inches 

Circular Search 1.8 1.2 0.09 <1 inch 

Table A-4 Cross Section C-C' Stability 

Minimum Safety Factor 
Yield Maximum 

Analysis Type1 
Pseudostatic Acceleration3 Seismic 

Static 
0.06g2 Displacement 

Circular 
1.9 1.1 0.08 1 inch Search 

Sliding Block 
Search 

2.0 1.1 0.08 1 inch 

Circular Search 1.7 1.1 0.10 <1 inch 
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Table A~s Cross Section D-D' Stability 

Geometric 
Minimum Safety Factor 

Yield 

Sheet A4 

Date: 5/11/05 

Date: 4/14/05 

Maximum 
Groundwater 

Condition Condition 
Analysis Type1 

Static 
Pseudostatic Acceleration3 Seismic 

0.06g2 / Displacement 

100-YearWet 
Year 

Overall18% 
Regrade with 

Buttress 

Local Toe/ 
Buttress Area 

Circular 
Search 

Sliding Block 
Search 

Circular Search 

I 
1.8 1.0 0.05 I 4 inches 

1.8 1.0 0.05 4 inches 

1.5 1.0 0.05 4 inches 

Notes: Bold results indicate a safety factor below design criteria safety factors. However, deformation analyses showed 
deformation within design criteria. See Appendix F and Figure FlO of the Phase 3 report for deformation analysis 
procedure. 

1 Circular search results based on Bishop's Modified Method of Analysis. Sliding block search based on Janbu's Modified 
Method of Analysis, with results based on more rigorous and more accurate Spencer's Method of Analysis performed ori 
the critical surface identified from the search. 

2 Seismic coefficient for pseudostatic analysis. 
3 Seismic coefficient that produces safety factor of 1.0 in pseudostatic analysis. 

The slope stability of the Original Landfill meets the design criteria for both the static and pseudostatic conditions even 
with the following conservative aspects: · 

• Strength parameters used for the critical materials controlling stability results are conservative lower bound 
values of all test data within the anticipated stress range. 

• Neglecting cohesion in the somewhat overconsolidated clay type colluvium and weathered bedrock materials, 
as established in material parameter selection, particularly for the undrained strength used for short-term 
seismicloading, is conservative to the stability analysis results. 

• The highest groundwater condition analyzed in combination with seismic loading is quite conservative as the 
likelihood of both these conditions occurring simultaneously is low. 

L:\worN73781WorlN'rodudlJLF\Final O.sigrMp~ndiuMpptndix A - Slopt Stabilii)'\Final- Apptndix A.doc 
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(STATIC AND SEISMIC) 

APPROXIMATE CRillCAL SUDING BLOCK SURFACE 
(STATIC AND S8SI\.liC) 

CROSS SECTION B-8' 

APPROXIMATE CRITICAL CIRCULAR SURFACE 
OVERALL SLOPE /TOE AREA 
(STATIC AND S8SMIC) 

APPROXIMATE CRillCAL SUDING BLOCK SURFACE 
(STATIC AN.D SEISMIC) 

CROSS SECTION C..C' 

EXISTING GROUND SURFACE 
APPROXIMATE CRillCAL CIRCULAR SURFACE 
OVERALL SLOPE /TOE AREA 
(STATIC AND SEISMIC) 

tii 
Ul 
u. 
z 
0 

~ 
--' 
Ul 

6050 

5900 

100-Y~WETYEAR :::~::~~~~~~::~~~~~~~~-~-~~~~~~~~~~~~~;;~======~~~ GROUNDWATER CONDITION 

APPROXIMATE CRillCAL SUDING BLOCK SURFACE 
(STATIC AND SEISMIC) 

CROSS SECTION D-D' 

STABILITY ANALYSIS SOIL PARAMETERS 

SHEAR STRENGTH 
MATERIAL UNIT WEIGHT 

SEISMIC STATIC 
DESIGNATION DESCRIPTION 

MOIST SATURATED COHESION FRICTION COHESION FRICTION 
{pel) (pel) (psi) ANGLE (psi) ANGLE 

(degrees) (degrees) 

@ WASTE 120 125 50 30 50 30 

@ WASTE I All/ COVER 120 125 50 30 50 30 

® COLLUVIUM I SLIDE 120 125 0 20 0 15 

® ROCKY FLATS ALLUVIUM 120 125 0 37 200 30 

0 STREAM ALLUVIUM 125 130 0 33 0 33 

® WEATHERED CLAYSTONE 120 125 0 20 0 15 0 25 50 

® UNWEATHERED CLAYSTONE 125 130 600 30 600 30 SCALE IN FEET 
(J) ENGINEERED FILL 130 135 50 33 50 33 

1995 METCALF & EDDY REPORT GEOLOGIC SECTIONS A-A', B-8', C-C', AND D-D' 

6050 

5900 

6050 

6000 !ii u. 
z 
0 

~ 
5950uj 

5900 

ANALYSIS
1 MINIMUM SAFETY FACTOR YIELD 3 MAXIMUM 4 

GROUNDWATER GEOMETRIC SEISMIC CONDITION CONDITION TYPE 
0.06g 2 ACCELERATION 

DISPLACEMENT STATIC 

OVERALL 
CIRCULAR 

0.04 5" SEARCH 1.7 0.9 
18% 

REGRADE 

100-YEAR WITH SLIDING 
BLOCK 1.6 0.9 0.03 s· BUTTRESS WET YEAR SEARCH 

LOCAL 
TOE/BUTTRESS CIRCULAR 

1.5 1.0 0.05 4" 
AREA 

SEARCH 

OVERALL 
CIRCULAR 

0.08 1" SEARCH 1.9 1.1 
18% 

REGRADE 

100-YEAR WITH SLIDING 

BUTTRESS BLOCK 1.9 1.0 0.06 3" 
WET YEAR SEARCH 

LOCAL 
CIRCULAR 

TOE/BUTTRESS 1.8 1.2 0.09 <1" 
AREA 

SEARCH 

OVERALL CIRCULAR 
0.08 1" 1.9 1.1 

18% SEARCH 

REGRADE 

100-YEAR WITH SLIDING 
BUTTRESS BLOCK 2.0 1.1 0.08 1" 

WET YEAR SEARCH 

LOCAL 
CIRCULAR 

TOE/BUTTRESS 1.7 1.1 0.1 0 <1" 
AREA 

SEARCH 

OVERALL CIRCULAR 
0.05 4" 1.8 1.0 

18% SEARCH 

REGRADE 

100-YEAR WITH SLIDING 
BUTTRESS BLOCK 1.8 1.0 0.05 4" 

WET YEAR SEARCH 

LOCAL 
CIRCULAR 

TOE/BUTTRESS 1.5 1.0 0.05 4" 
AREA SEARCH 

1 CIRCULAR SEARCH RESULTS BASED ON BISHOP'S MODIFIED METHOD OF ANALYSIS. SLIDING BLOCK SEARCH BASED 
ON JANBU'S MODIFIED METHOD OF ANALYSIS, WITH RESULTS BASED ON MORE RIGOROUS SPENCER'S METHOD OF 
ANALYSIS PERFORMED ON THE CRITICAL SURFACE IDENTIFIED FROM THE SEARCH. 

2 SEISMIC COEFFICIENT FOR PSEUDOSTATIC ANALYSIS. 

3 SEISMIC COEFFICIENT THAT PRODUCES SAFETY FACTOR OF 1.0 IN PSEUDOSTATIC ANALYSIS. 

4 ESTIMATED MAXIMUM SEISMICALLY INDUCED PERMANENT DISPLACEMENT USING SIMPLIFIED DEFORMATION ANALYSIS. 

E A R T H T • c H 

ORIGINAL LANDFILL STABILITY ANALYSIS RESULTS 
CHECK FOR GRADING PLAN DESIGN REFINEMENT 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
GOLDEN, COLORADO 

APRIL2005 57378 
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S•mple Sample Sample U.S.C.S. Soli 
Type Number Depth Classl-

(ft) ficatlon 
Bulk PF-1 1-2 sc 
Bulk PF-2 1-2 sc 
,Bulk PF-3 1-2 sc 
Bulk PF-4 1-2 sc 
Bulk PF-5 1-2 sc 
Bulk PF5-Dup 1-2 . sc 
Bulk PF-6 1-2 sc 
Bulk PF-7 1-2 sc 
Bulk PF-8 1-2 sc 
Bulk PF-9. 1-2 sc 
Bulk PF-10 1-2 sc 

Spec Foundation NA NA 
Spec Cushion . NA NA 

·NOTES: LL = LIQUID LIMIT 
PL = PLASTIC LIMIT 
PI = PLASTIC INDEX 
SL = SHRINKAGE LIMIT 

• ASTMD4718 

~· JULY,2004 
SoD Suilllwy 200411U1nabod.U\Table I · 

TABLEt 
ROCKY FLATS/FIELD and LAB TESTING/CO 

SUMMARY OF SOIL DATA· 

Delivered 
Moisture 

(%) 

16.1 
10.3 
18.1• 
17.4 
12.8 
11.4 
11.5 
13.5 
14.9 
13.8 
14.8 

NA 
NA 

Atterberg · Grain Size Distribution · 
Limits o/o Finer 'Yo Finer %Finer 

LL PL PI 3/4" #4. #100 
39 19 20 100 84 30 
43 19 24 100 85 29 
43 18 25 100 81 30 . 
35 16 19 100 89 . 30 
37 19 18 100 86 29 
40 19 21 100 87 28 
45 20 25 100 82 30 
35 18 17 100 87 24 
41 19 22 100 82. .. 28 

. 38 18 20 100 87 25 
43 18 25 100 83 28 

NA NA NA. 100 81.3 20.5 
NA NA NA 100 81.3 20.5 

T = TRIAXIAL TEST. . 
U = UNCONFINED COMPRESSION TEST 
C = CONSOLIDATION TEST 

·OS= DIRECT SHEAR TEST 
PERM= PERMEABILITY 

Golder Associates 

Speelfic 
Gravity 

-
-
-
-
-
-
-
-
-
-
-

Moist/Den Relationship 
Standard .Prodor 

PCF(Dry) Moist (o/o) 

120.6* ·1o.1• 
119.9* 11.7* 
121.0* 10.9* 
122.9* 10.6* 
121.9* 10.8* 
122.3* 11.1* 
120.3* 12.5* 
125.1* 10.3* 
117.9* 11.9* 
125.1* . 10.4* 
122.1* 11.0* 

NA NA 
NA NA 

-----

.Ti!cJ r~,~~~"'
. /J!fTr A.if/174 

(!' ~I 

,lfe A~ 
.. ....... 

Cemmeaa 
(See Notes) 
0 J4.o 

./J7 ..!a.1 
0{ ~9,6 

ter h.2.. 
() 41J.R 

D 4'1,9 
/~t:. .2£,{ 

PI"- »-'1 
'72. ..?7.o 
/4~ ,j'.f.l 

' 

043-2246.0001 
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• 

Waste Extent 

~ .... 

NOTE: 

~ Vertical Profile Location - Initially defined in Metcalf & Eddy Report (9/1995) 

.;til' Profile View Direction 

Integrated Hydro Systems, LLC 

• 

Figure 1 
OLF study area, waste extent, current surface topography, 

and vertical profile locations. 
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• 
Simulated average annual 
groundwater depths (feet). 

D 
D 

-
Note: 
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20-45 

1) Negative numbers 
(yellow) indicate 
groundwater levels are 
above ground surface. 
These areas represent 
seeps or baseflow. 

2) Average annual levels 
are calculated from 
simulated levels calculated 
every 6 hours over WY2000 
(October 1999 to 2000). 

Figure 2 
Revised Regrade, Clay Buttress and Gravel Drain 

Average Annual Groundwater Depths (ft)- Wet-Year Climate 
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Seep areas shown in yellow. 

Integrated Hydro Systems, LLC 

Simulated minimum annual 
groundwater depths (feet). 

D 
D ----

Note: 

-10-0 

0-5 

5-10 

10-15 

15-20 

a:J-45 

1) Negative numbers 
(yellow) indicate 
groundwater levels are 
above ground surface. 
These areas represent 
seeps or baseflow. 

2) Average annual levels 
are calculated from 
simulated levels calculated 
every 6 hours over WY2000 
(October 1999 to 2000). 

Figure 3 
Revised Regrade, Clay Buttress and Gravel Drain 

Minimum Annual Groundwater Depths (ft)- Wet-Year Climate 
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report for details}. 
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climate sequence (see OLF groundwater tech 
report for details). 

Integrated Hydro Systems, LLC 

Vertical Profile D 
Geologic Surfaces and Groundwater Levels 



APPENDIX A 

ATTACHMENT 3 
COMPUTER PROGRAM INPUT DATA- PCSTABLSM 



EARTH@T E C H 

A tqCD INTERNAnONAL LTD. COMPANY 

CLIENT . IIAJ« ~"
PROJECT~ /4#1/ (J~ 

CALCULATION SHEET PAGE _/_OF Z--

PROJECT NO. J'277/', ~~ 

SUBJECT ..l'/.tltkn Prepared By dfJ,_ 
' ... ·.· fJ~ 

t:NBI!(.£«_ 6AW/.t#l~ ~ ReYiewes By ~ 

AA#IfiJ··AOfl~t' Approved By 

DATE~ 
DATE *fQ4/of 
DATE 

~+-:. 1 ·1 H ril 1 . i !;~~==+~ 
~. ! ·0 1 ~~~)~~~ i.,.k).~ i.o~7A. J.. J,~~-if;fti J : ! _j 

.I I I/ I! i l I! i l ! I I 1 I i I l iII!.! . ! i i Tl 
~ : I I ' I i ! ! I i : I j, ! ~ i I I I I 1 I I l l I i i . ! i ~~ 
11~.· !tJJ ~~ f~~,~l_ !A'/~~~ : ~j"J-~y~(:~~~< ~'~~~ .... ~J) Hjj r·, 

1 

, 
1 

, I I., j I : , I 1· , , i 1 1 , 1 i , 1 

I I . ! ; I .&1 .. Ju.i A~AI.Pir"'i -Lr .. lr,J!- ~ ~~ ~b ~~ _,.., ·' ·..o!!=--:. ~ .,i I ! i 
! i l i i ~lr..t.l4k\o1£i ~ ~~A '~ :--.·.,-4-'J.wi~ ... ·• I ~. , ' ! i i · i 
1 : I i AlA •• .J... · ...l~ I. - ... o ~ ui~ ..... ._ .fit.,:- .... 41Cl4l.... i!:J. ! I I H ! l I I L)..,-~1-·~ I~ JIA.~dM ,~ -· . i, I ..J.. .. ~ - ... .J. k .... t. r:~- ~~ .... ·-' ~ I I I 
1 r ·1 ! 1 '~r--4 ~~.-lr& ..... ~~ ~b -· ~~. - - ~~-~, 1 , 1 ' 

! I i I I , •• ~ ... ~~Jr., . .L. i ~~ ... ~., i I ; I I I I I L : jj_j_J 
: I J l I I· I i i I l I I I I I I i J ! ! i l ! l ! I i ! ! ! i 
Ll ! ! J I ! ! i I l I I I l I I i I I i ! i l_._i • 1~ l- i •. rtr:l L..! .. i_j 
I iT i AI .I lA ~ PHiiJ i ~~ 4~ ' it~! ~ .J- b...k .It l :".i~: , -~! ;; .. !L. .,-.. · - ! 
i I I ! I I I FT i l : ; I I I I i I i ~ :'':· I ,;~ ~~·:~~~~( .... 
1 1 : 1 , ~~~"'~...ey; 1 : 1 1 , 1 !L.&/17 : 1 • i !.£~ni ~z... 1 ' 1 1 1 

~ I I ! ! I ' i i ! ! I ,>: I i ! ly i . I t"'l i I I "1 I I I I . I ! ~ 
i-! I I ! l ' I ! ! i : -+-_i i i I ! ! ; i i l.,_ I I !. l i ! ~ H i 1 I l 1 J i 1 ' : 1 1 : i b 1 1 : i ,sa 1 :ti?J $I 1 J.R 1 1 ..d .l i J j 

· · ! I I ! I I i .t I I : I I ! i ! I ! I I ! ~ l I b£ I i j" 1 ! 1 l 
iii: IiI I I iJ''I iiI I I! i i i! !~~I l/~.1~ 11 i i j! I 
l i 1 I I I I ! 41 ! ! 1 f ! J I I I i ! l.J U.! .fl t8l' ! ll. I ! ! : I H i l 1 1 · ·1 : 'f! 1 1 , : i 1 ~ : i 1 I i ,r~~ 1 ~-~Lt.~! 1 1 1 1 1 ' 

i ·-rl 1 i ! I j ,,, r I t i I i i : i I I I ,~tJ I I..,Wrj .. ~ i I H1 
I ! I ! I' i i i i I 71 ! i 1 j I l : ! l I I I ~ ~ i ..!4~i l j I i ! i I 

i! IiI! I: i !8 ! i I! li'~r: r trfi :,;~' ·1~~! l.t!: 1 -W 
J l l 1 1 I· i l if! 1 , 1 i l ~ !· I { l . 1 • ! i 1 i t.. ! l ! I ! 
• : : I I ' , I . ~· ., , , • . , , , • I ,~~ ~r,· ~· I ! r--1 
'· .1' ,,· '· -+ 1 i •. • .,'~A ~' '· • • ; ' · • i , i nA ·1. ' i .. .i ~· ' . , i I '""' ! I ' I ; ! !~~· . ; 
r;r-:- . I i_ __ LLJ.lLLJ_Li ;.: -n : -~_j_ __ L..· i i ~,.,., ! i ~ ~. ! ,I_ i i i ! I 
~,,f ,1:-~~r··~.i:,: - ji ::' ' 

0 

I f..~ ' ..l i ' ' · I • ~ _.__ : 1 r· ~t~.-: 1 ·J.: __ : ~~~~2-L--t.' ~! : A"'r: 1 ~~ 1 ~ : r i_j_i 
: . i I ' : ' i : I I ' : i ' i~ ' ' ?ZY! ~4--~.! . ; i 

8 i-J=f=+=trT1!fT~Trt~-V!J~lff 1 g ! 11 u , : l 
I • ' I o l • ' : I , , ' , ' ' ! ., r, l j,l',_l/ i i r : I· i '. i 
: t • ' i ' ' ' 1 : ~.~i ' ,~ ; ; ; i ' ! l 



A 1:fi/CD INTERNATIONAL LTD. COMPANY 

CLIENT . lbrorxe Au. 
PROJECT LMA ~UP./ OIL • 

:- I 
! ! 
j-• 
! 

"-·· ~'"" 

CALCULATION SHEET 

SUBJECT ~._,'" 

t'l/liii(·A:It4~·~ 

~r.AI F· " ""' linr.h 

PAGE~OF '-

PROJECT NO . .F7.1Zr. &t'J.;o 

Prepared By ~ DATE ..f'¥4T'"' 
(}p~-~ . ALLL;r 
RevieweEI By~ DATE~ 

Approved By 

! 
t 

DATE 



\ 

APPENDIX A 

ATTACHMENT 4 
INPUT/OUTPUT FILE SETUP/MANAGEMENT 



A f:fi/CD INTERNATIONAL LTD. COMPANY 

CLIENT //Al.fH ,N!e,.f, 

PROJECT £¢e7~ ~ 

CALCULATION SHEET 

SUBJECT JJAI(u ry . 

l'H£« Ac 41tWo(~ ~ 
. AE<f,~NJ ~~Rt)? 

PAGE _j_ OF_/_ 

PROJECT NO. a7J?L. 6-t.\.1~ 

Prepared By 
UP4/IU~ 
Reviewea By 

Approved By 

DATE~ 

~DATE~ 
DATE 

~- J 1 1 r 1 1 .-+:;v:,r~~-~~-~~~ i ~ 
1; I 1 1: : .1 1 1 1 v· 1 1--l 
I i 1.. I 1: I I [ I I I . j ! I /J/ i J ! I I 1 i I 
.·, I I . ,. ,' : I I I I ' '· !11 1-l~ ... ..! ·~- . 111:111 u· 

I ~..,.! ·~~ I ' .lL lL'LHI" ..-!&' i" ! ~rr- . .l.,• 
~f-4,~--~~ -+i~l~-+l~i--~:-il--~1· =+l'~:=·~l~l~i~-~~t~l~~~~:-1- I . ',I ,_!DJr .:~1· .,', 
I . ! : j • • 1 I , 1 ~r~jl"'"'l 

G=J/A£f"'.{(~iJ.If~~~~-~ L,J ~,.. ··~'~J.r~T i r·i '! 
! I ' I I ' . I I ' I' ! l I ! i... . . I. Ll~ •. ··~· : i i ! 1 1 1 ' 1 • 1 , , • , • , : 1 , • 1 .ll . a~ . ., . 1 1 1 1 u 1 · • , J ._.. _ ___,____.__----!----1·--~---+--..J..·---:-n . ! ' I -\T-1-:-·.-- · 
i ! i i I : ! f i ! r i' I . : ! ()J i A ...; • ...J .-J.,j I.. .L.. i' I ·l ·ldl ·l! iloo. ....... r~ :-,: J4 ! I 1 : ! , : 1 ! , ~ ! . : ! , ... .JCNJI'.~~ .. ~ V......ll!!!! n 1 ; ~ 1 

I ~,! ••.. ,~,: _1 ··'I ji • v.u.'""'~~ ~--~~~-~ · ~-~~- J . . 1lil~"'i' · : 
1
i 

I ~ :;'.1~ -~·1 I¥':'· •.· . • . . I I I ' I ·.'. ' I I.,,+·· ·J· .J A··.:A·!L·'·'- ... ' ' . I J J 
~__j__.j_ : • ! •__j_~~)-:,;j.~·'_..-·1 I~ X ... , '! 'W"* __ U_.:_./.~ i ~~--+-t+-i--#~¥--"P£-Af-~~....:C:..+,- i o I 

~~-1-+_j ! ! +++-I : .~ .. ~ ·:_a,.oJl~t~- ~ I : 1 . i. i ·! t) "f ... ·: I . : -T ! J 
I I I . I i ! l ~· j ! ' I ! (i ' ~· . : : ! I 0.1 I ! I 

i ! !/f}/i:-Jr)r:,t(,Ji llu$"tltr@/:,,.). 1 
1

) _j Jt~ -~I~ 1 ~ ~~j i j 
I i il l ! j I ! ! ~ : i l ! ! i I' ~~~4, ~! I I i ! tJ " • I i i ! . 
I , , 1 i-tJ i r: I !_l_ !~Jdi /#; 'o.~f1.~~~~-~~ I ! ~·~; r-(e"! II 
' ! . ' ' l l ; ' ) t' . .~ ~· I A IL l ' !1·. I, !, ;, I.... I ! ·I I I: __ ·._:~~~~-~.,_,.- I ~- r~ 'j 

II: I '· lr---t I' I --f-'11="'1,-1"' ,: I' ! :.. ,I : ~ l A i A I ~. j .. 1 I . I 
: • I 1 , , ! 1 • 1 ' , vJ ~ !P.-t . i I) Di > IP' Jft J__Lj 

• !..NI.#. i!· ~o- ! i i! 
;--..-'---+--'--+---+---"---l;·--i---~ i ! . ~ ; -l 
• ' I ' • I ; I i i 'I ~ i I i i' I i i I, IJ1 i I, I ji ,! !1 !I ; ~-~- i I j l : I i ' ! ' ! L. 1 l . '! : l ' I ; I t 



\ 

APPENDIX A 

ATTACHMENT 5 
COMPUTER RUNS- OVERALL STABILITY 



E c 

A 'tqC:D INTERNAnONAL LTD. COMPANY 

CLIENT~ ;./tu
PROJECT Lot-~ M'J IJ&f 

' . 
I ' ~ 

! ' 

H 

CALCULATION SHEET 

SUBJECT ~~77 
t/IUL.K LK 4£1/AI,t~~~ 
AQ!tnJ~~, 

PAGE OF 

PROJECT NO . ..s1DI, &d~ 
Prepared By ~ 
VP,tDA7~ 
Revi&'JJ&d By 

Approved By 

DATE~ 

DATE'¢"f/4r 

DATE 

~--·~--H-·-+-1··--:···-·-i- I . 

i-4--+--:--: _ _j ___ .,-_J__+--~i---··;-·-c·--~·--·-'--;---···-'-_:·-+-·__:'----;_-·+·---!·---~--J ....... i .. -.J·---~---+----L-"---.:·--·--f--·-:---~---;---· -~ 

i·--T·--:- ---~-- ·+-i--:---i---·-r·--:·---~ ---;--·'---~------:-· ·---·----~--:-·· -·~·--c···· .... : .. ~:j:~~-~·==:_·~:~r~-~~~=:-~_I_ :~:~IIt~~l-~~:I~~~~j~~I==: 
L-----..:---.--:....----~--~---~--;-----~·---?------:--···---T~-----~- --- -~---- --------·-----····--· --~-----~----l ____ ....:.. ________ :---

... ; "--~--: .... ·-·· ·-· ··- .· .. -····· .:. ............ ·--~·-·--·· -~------:·.-·-·-:------\....------i----i---·_..;;......_ j _____ _j ___ -: 

' . 
: \ ' I 
; ___ -- _______ ; ____ ... ~----.' .. --- . ..: .... -···-'-··--·-,; _______ . _______ . ______ ;_ ... _ --------· - ---·- ···-~·-· .... ····--·~·· .... ·- ... -· .. ···-· .......... · ..... -· --· .. :_ ............. J. ______ . ___ ; ..... __ _1 ____ .: _____ _:_ ____ .~ .. --:._,. _:_ ... _ -----··: 

~r.AI F: fi ,:;n.linr.h 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS=20 deg- W/HIGI:lGW- CIRCULAR- STATIC 
All surfaces evaluated. C:ABHCSR.PLT By: STAN KLINE 04-13-05 9:41pm 
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Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS=20 deg- W/HIGHGW- CIRCULAR- STATIC 
Ten Most Critical. C:ABHCSR.PLT By: STAN KLINE 04-13-05 9:41pm 

500r-~----------~F=======~========~=========F=========F====~-----.---------------------,------------------. 

400 

300 

Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

5 
6 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pcf) (pcf) (psf) 
120 125 50 
120 125 0 
120 125 0 
125 130 0 
120 125 0 
125 130 600 
130 135 50 

Friction 
Angle 
(de g) 
30 
20 
37 
33 
20 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

·-------

3 __ .3,. _____ .;._ ___ _ 

--- W1 W 
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6 
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PCSTABLSM/SI FSmin = 1.66 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS=20 deg- W/HIGHG~IDING BLOCK- STATIC 
All surfaces evaluated. C:ABHSSR.PL T By: STAN KLINE 04-13-05 9:43pm 

500r--------,.--------.--------~~-------.--~-----.----~~-.------~.-----~--. 

400 
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200 
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Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS=20 deg ~ W/HIGHGW- SLIDING BLOCK- STATIC 
Ten Most Critical. C:ABHSSR.PLT By: STAN KLINE 04-13-05 9:43pm 

500r-~---,~=========F========~========F=======~====~---r--------.--------. 

400 

300 

Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

5 
6 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pcf) (pcf) (psf) 
120 125 50 
120 125 0 
120 125 0 
125 130 0 
120 125 0 
125 130 600 
130 135 50 

Friction 
Angle 
(de g) 
30 
20 
37 
33 
20 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

----

3 
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6 
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Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS=20 deg- W/HIGHGw-:-sliDING BLOCK- STATIC 
Surface #1-ABHSSR.OUT. C:ABHSSRS.PL T By: STAN KLINE 04~ 13-05 9:45pm 

500 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pcf) (pet) (psf) (deg) Par am. (psf) No. 

WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 20 0 0 W1 
Qrf 3 120. 125 0 37 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 20 0 0 W1 

400 ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

300 

3 

--.3..------------ W1 W 

6 

6 

5 
6 

0~--------~--------~--------~--------~~~------~--------~--------~--------~ 
0 100 200 300 400 500 600 

PCSTABLSM/SI FS = 1.63 Theta= 8.72 X-Axis (ft) 

Factors Of Safety Calculated By Spencer· s Method of Slices 

700 800 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.06g 
All surfaces evaluated. C:ABHC06R.PL T By: STAN KLINE 04-13-05 9:49pm 

500~---------------~---------------~~--------------------~--------------------r----------------~--------------------~--------------------~---------------~ 
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0 100 200 300 400 500 600 700 800 

X-Axis {ft} 

Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

400 

300 

0 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.04g 
All surfaces evaluated. C:ABHC04R.PLT By: STAN KLINE 04-13-05 9:59pm 
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·----

100 200 300 400 500 600 700 

X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 

800 



Y-Axis 

(ft) 

500 

400 

300 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGJ:IGW- CIRCULAR- 0.04g 
Ten Most Critical. C:ABHC04R.PL T By: STAN KLINE 04-13-05 9:59pm .. 

Soil Total Saturated Cohesion 
Label Type Unit Wt. Unit Wt. Intercept 

No. (pet) (pet) (pst) 
WSTE/FIL 1 120 125 50 
Qc/SLIDE 2 120 125 0 
Qrt 3 120 125 200 
Qal 4 125 130 0 
wcs 5 120 125 0 
ucs 6 125 130 600 
ENG FILL 7 130 135 50 

6 

Friction Pore 
Angle Pressure 
(de g) Param. 
30 0 
15 0 
30 0 
33 0 
15 0 
30 0 
33 0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

3 

--..3...------------- W1 W 

5 

6 
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0 100 200 300 400 500 600 700 800 

PCSTABL5M/SI FSmin = 1.03 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

500 

400 

300 

200 

100 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGWGW- CIRCULAR- 0.06g 
Ten Most Critical. C:ABHCOGR.PLT By: STAN KLINE 04-13-05 9:49pm· 

Soil Total Saturated Cohesion Friction Pore· Pressure Piez. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (de g) Param. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

3 

--..3..------------- W1 W 

5 
6 

5 
6 
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0 100 200 300 400 500 600 700 800 

PCSTABL5M/SI FSmin = 0.94 X-Axis (ft) 

Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGH~SLIDING BLOCK- 0.06g 
Ten Most Critical. C:ABHS06R.PLT By: STAN KLINE 04-13-05 10:01pm 

500r------.~=========F========~========F=======~====~---r--------.-~-----. 

400 

300 

Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

6 
6 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

Total 
Unit Wt. 

(pcf) 
120 
120 
120 
125 
120 
125 
130 

Saturated Cohesion 
Unit Wt. Intercept 

(pcf) (psf) 
125 50 
125 0 
125 200 
130 0 
125 0 
130 600 
135 50 

Friction 
Angle 
(deg) 
30 
15 
30 
33 
15 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

3 

...--.3..----------
-- W1 W 

6 

6 

0~--------~--------~--------~--------~~--------~--------~--------~--------~ 

0 100 200 300 400 500 600 700 800 
PCSTABLSM/SI FSmin = 0.86 X-Axis (ft) 

Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHGW- SLIDING BLOCK- 0.06g 
Surface #1-ABHS06R.OUT. C:ABHS06RS.PL T By: STAN KLINE 04-13-05 10:05pm 

500 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pet) (pet) (psf) (de g) Par am. (psf) No. 

WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 

400 ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

300 

. 3 

--.."3..------------- W1 W 

5 

6 

5 
6 

----
0~--------~----------~--------~~---------L----------~--------~----------~--------~ 
0 100 200 300 400 500 600 

PCSTABLSM/SI FS =0.89 Theta= 8.02 X-Axis (ft) 

Factors Of Safety Calculated By Spencer's Method of Slices 

700 BOO 



· Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHGW- SLIDING BLOCK- 0.06g 
All surfaces evaluated. C:ABHS06R.PLT By: STAN KLINE 04-13-05 10:01pm 

500~------~r--------,--------~--------~--------~--------~--------~------~ 

400 

30 

----
0~------~~------~--------~~------~--------~--------~--------~------~ 
0 100 200 300 400 500 600 700 BOO 

X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHGW- SLIDING BLOCK- 0.03g 
Ten Most Critical. C:ABHS03R.PLT By: STAN KLINE 04-13-05 10:07pm 

500r-------~+=========~========~====~==~========~====~---r---------r--------~ 

400 

300 

Soil 
Label Type 

No. 
WSTE/FIL 1 
Qc/SLIDE · 2 
Qrf 3 
Qal ,4 
wcs 5 
ucs 6 
ENG FILL 7 

5 
6 

Total 
Unit Wt. 

(pet) 
120 
120 
120 
125 
120 
125 
130 

Saturated Cohesion 
Unit Wt. Intercept 

(pet) (psf) 
125 50 
125 0 
125 200 
130 0 
125 0 
130 600 
135 50 

Friction 
Angle 
(deg) 
30 
15 
30 
33 
15 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

3 

--..1..------------ W1 . W 

5 

6 

----
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0 100 200 300 400 500 600 700 800 

PCSTABLSM/SI FSmin = 0.99 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

500 

400 

300 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHGW--8LIDING BLOCK- 0.03g 
Surface #1-ABHS03R.OUT. C:ABHS03RS.PLT By: STAN KLINE 04-13-05 10:09pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pet) (psf) (de g) Par am. (psf) No. 
WSTE/FIL 1 120. 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 .Q 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

3 

--.:3..------------- W1 . W 

5 

6 

6 
6 
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PCSTABL5M/SI FS = 1.04 Theta= 8.21 X-Axis (ft) 
Factors Of Safety Calculated By Spencers Method of Slices 
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ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHG~LIDING BLOCK- 0.03g 
All surfaces evaluated. C:ABHS03R.PLT By: STAN KLINE 04-13-05 10:07pm 
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Factors Of Safety. Calculated By The Modified Janbu Method 
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ROCKY FLATS OLF- M&E B 18%W/BM- WCS = 20 deg- W/HIGHGW- CIRCULAR- STATIC 
Ten Most Critical. C:BBHCSR.PLT By: STAN KLINE 04-13-05 10:16pm 
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Soil 
Type 
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Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pcf) (pcf) (psf) 
120 125 50 
120 125 0 
120 125 0 
125 130 0 
120 125 0 
125 130 600 
130 135 50 

Friction 
Angle 
(deg) 
30 
20 
37 
33 
20 
30 
33 

Pore 
Pressure 
Param. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 
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PCSTABLSM/SI FSmin = 1.86 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E B 18%W/BM- WCS=20 deg- W/HIGHGW---st:IDING BLOCK- STATIC 
All surfaces evaluated. C:BBHSSR.PLT By: STAN KLINE 04-13-05 10:18pm 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 
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(ft) 

ROCKY FLATS OLF- M&E B 18%W/BM- WCS=20 deg- W/HIGHGW- SLIDING BLOCK- STATIC 
Ten Most Critical. C:BBHSSR.PL T By: STAN KLINE 04-13-05 10:18pm 

500 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pcf) (pcf) (psf) (de g) Par am. (psf) No. 

WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE. 2 120 125 0 20 0 0 W1 
Qrf 3 120 125 0 37 ·o 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 20 0 0 W1 

400 ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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PCSTABL5M/SI FSmin= 1.76 X-Axis (ft) 

Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E B 18%W/BM- WCS=20 deg- W/HIGHGW- CIRCULAR- STATIC 
All surfaces evaluated. C:BBHCSR.PLT By: STAN KLINE 04-13-05 10:16pm · 
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ROCKY FLATS OLF- M&E B 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.06g 
All surfaces evaluated. C:BBHC06R.PL T By: STAN KLINE 04-13-05 10:20pm 
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ROCKY FLATS OLF- M&E B 18o/oW/BM- WCS= 15 deg- W/HtGW-GW- CIRCULAR- 0.06g 
Ten Most Critical. C:BBHC06R.PLT By: STAN KLINE 04-13-05 10:20pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (de g) Par am. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Oc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Oal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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PCSTABLSM/SI FSmin = 1.09 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

400 

ROCKY FLATS OLF- M&E 8 18o/oW/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.08g 
All surfaces evaluated. C:BBHC08R.PLT By: STAN KLINE 04-13-05 10:23pm 
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Factors Of Safety Calculated By The Modified Bishop Method 
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(ft) 

ROCKY FLATS OLF- M&E B 18%W/BM- WCS=20 deg- W/HIGHG~IDING BLOCK- STATIC 
Surface #1-BBHSSR.OUT. C:BBHSSRS.PLT By: STAN KLINE 04_.13-05 10:19pm 
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Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pcf) (pcf) (psf) 
120 125 50 
120 125 0 
120 125 0 
125 130 0 
120 125 0 
125 130 600 
130 135 50 

Friction 
Angle 
(de g) 
30 
20 
37 
33 
2o 
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33 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
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Pressure 
Constant 

(psf) 
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PCSTABL5M/SI FS = 1.86 Theta= 8.85 X-Axis (ft) 
Factors Of Safety Calculated By Spencer's Method of Slices 
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ROCKY FLATS OLF- M&E B 18%W/BM- WCS= 15 deg- W/HIGHGW- SLIDING BLOCK- 0.06g 
All surfaces evaluated. C:BBHS06R.PLT By: STAN KLINE 04-13-05 10:25pm 
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Factors Of Safety Calculated By The Modified Janbu Method 
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ROCKY FLATS OLF- M&E B 18%W/BM- WCS= 15 deg- W/HIGHG~LIDING BLOCK- 0.06g 
Ten Most Critical. C:BBHS06R.PLT By: STAN KLINE 04-13-05 10:25pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type . Unit Wt. Unit Wt. Intercept . Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (de g) Par am. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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PCSTABL5M/SI FSmin = 0.98 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E B 18%W/BM- WCS= 15 deg- W/HIGHGW- SLIDING BLOCK- 0.06g 
Surface #1-BBHSOGR.OUT. C:BBHS06RS.PLT By: STAN KLINE 04-13-05 10:26pm 
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ENG FILL 
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Soil 
Type 
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3 
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Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pcf) (pcf) (psf) 
120 125 50 
120 125 0 
120 125 200 
125 130 0 
120 125 0 
125 130 600 
130 135 50 

Friction 
Angle 
(de g) 
30 
15 
30 
33 
15 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
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Pressure 
Constant 

(psf) 
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0 

Piez. 
Surface 
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W1 

0~--------~--------~--------~~--~--~--~----~--------~~-------L----~--~ 

0 100 200 300 400 500 600 

PCSTABLSM/SI FS = 1.02 Theta= 7.89 X-Axis (ft) 
Factors Of Safety Calculated By Spencer· s Method of Slices 
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ROCKY FLATS OLF- M&E B 18%W/BM- WCS= 15 deg- W/HI~W- CIRCULAR- 0.08g 
Ten Most Critical. C:BBHCOBR.PL T By: STAN KLINE 04-13-05 10:23pm . 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (de g) Par am. (psf) · No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 . 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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PCSTABL5M/SI FSmin = 1.00 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM - WCS = 20 deg- W/HIGHGW -SLIDING BLOCK -STATIC 
All surfaces evaluated. C:CBHSSR.PLT By: STAN KLINE 04-13-05 10:32pm 
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(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS=20 deg- W/HIGHGw-:-5LIDING BLOCK- STATIC 
Ten Most Critical. C:CBHSSR.PLT By: STAN KLINE 04-13-05 10:32pm 

500 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pet) (pet) (psf) ·(deg) Par am. (psf) No. 

WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 20 0 0 W1 
art 3 120 125 0 37 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 20 0 0 W1 

400 ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

300 
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PCSTABLSM/SI FSmin = 1.87 X-Axis (ft) 

Factors Of Safety Calculated By The Modified Janbu Method 
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(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS=20 deg- W/HIGHGW- SLIDING BLOCK- STATIC 
Surface #1-CBHSSR.OUT. C:CBHSSRS.PL T By: STAN KLINE 04-13-05 10:33pm 
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Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pet) (pet) (psf) (de g) Parain. (psf) No .. 

WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 20 0 0 W1 
Qrf 3 120 125 0 37 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 20 0 0 W1 

400 ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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PCSTABL5M/SI FS = 2.04 Theta= 8.34 X-Axis (ft) 
Factors Of Safety Calculated By Spencer· s Method of Slices 
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ROCKY FLATS OLF- M&E C 18%W/BM- WCS=20 deg- W/HIGHGW- CIRCULAR- STATIC 
All surfaces evaluated. C:CBHCSR.PLT By: STAN KLINE 04-13-05 1 0:30pm 
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Factors Of Safety Calculated By The Modified Bishop Method 
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Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS=20 deg- W/HIGI:fGW- CIRCULAR- STATIC 
Ten Most Critical. C:CBHCSR.PLT By: STAN KLINE 04-13-05 10:30pm 
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WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

Soil 
·Type 

No. 
1 
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3 
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5 
6 
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Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pcf) (pcf) (psf) 
120 125 50 
120 125 0 
120 125 0 
125 130 0 
120 125 0 
125 130 600 
130 135 50 

Friction 
Angle 
(de g) 
30 
20 
37 
33 
20 
30 
33 

Pore 
Pressure 
Param. 

0 
0 

. 0 
0 
0 
0 
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Pressure 
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PCSTABL5M/SI FSmin = 1.94 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.08g 
All surfaces evaluated. C:CBHCOSR.PLT By: STAN KLINE 04-13-05 10:38pm 
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Factors Of Safety Calculated By The Modified Bishop Method 
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ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.08g 
Ten Most Critical. C:CBHCOSR.PLT By: STAN KLINE 04-13-05 10:38pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pet) (pcf) (psf) (de g) Par am. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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PCSTABL5M/SI FSmin = 1.01 X-Axis (ft} 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHG-\N--;-SLIDING BLOCK- 0.06g 
All surfaces evaluated. C:CBHS06R.PLT By: STAN KLINE 04-13-05 10:46pm 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIYHGW- CIRCULAR- 0.06g 
All surfaces evaluated. C:CBHCOGR.PLT By: STAN KLINE 04-13-05 10:39pm 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.06g 
Ten Most Critical. C:CBHC06R.PLT By: STAN KLINE 04-13-05 10:39pm 
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Unit Wt. 
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120 
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Saturated Cohesion 
Unit Wt. Intercept 
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125 50 
125 0 
125 200 
130 0 
125 0 
130 600 
135 50 

Friction 
Angle 
(de g) 
30 
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30 
33 
15 
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33 
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Pressure 
Par am. 
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0 

·o 
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Pressure 
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Piez. 
Surface 
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W1 
W1 
W1 
W1 
W1 
W1 
W1 
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PCSTABL5M/SI FSmin = 1.10 X-Axis (ft) 

Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHGW- SLIDING BLOCK- 0.08g 
All surfaces evaluated. C:CBHS08R.PLT By: STAN KLINE 04-13-05 10:44pm 
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ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHGW---SLIDING BLOCK- 0.08g 
Ten Most Critical. C:CBHS08R.PLT By: STAN KLINE 04-13-05 10:44pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pet) (pet) (psf) (de g) Par am. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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PCSTABLSM/51 FSmin = 0.95 X-Axis (ft) 

Factors Of Safety. Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHGW- SLIDING BLOCK- 0.08g 
Surface #1-CBHSOSR.OUT. C:CBHS08RS.PLT By: STAN KLINE 04-13-05 10:45pm 

500r-----------~~=========F========~========F=======~====~~-r--------------------,-----------------. 

400 

300 

Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

Soil 
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Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pet) (pet) (psf) 
120 125 50 
120 125 0 
120 125 200 
125 130 0 
120 125 0 
125 130 600 
130 135 50 
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PCSTABLSM/SI FS = 1.02 Theta= 7.42 X-Axis (ft) 

Factors Of Safety Calculated By Spencer· s Method of Slices 
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ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHGW- SLIDING BLOCK- 0.06g 
Ten Most Critical. C:CBHS06R.PLT By: STAN KLINE. 04-13-05 10:46pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (de g) Par am. (psf) No. 
WSTE/Fil 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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PCSTABL5M/SI FSmin = 1.04 X-Axis (ft) 

Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGH~SLIDING BLOCK- 0.06g 
Surface #1-CBHS06R.OUT. C:CBHS06RS.PL T By: STAN KLINE 04-13-05 10:47pm 

500 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pcf) (pcf) (psf) (de g) Par am. (psf) No. 

WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 

400 ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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0~--------~--------~~--------~--------~----------~--------~----------L---------~ 
0 100 200 300 400 500 600 

PCSTABLSM/SI FS = 1.11 Theta= 7.57 X-Axis (ft) 
Factors Of Safety Calculated By Spencer's Method of Slices 
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Y-Axis 

(ft). 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS=20 deg- W/HIGHGW- SLIDING BLOCK- STATIC 
All surfaces evaluated. C:DBHSSR.PLT By: STAN KLINE 04-13-05 10:54pm 

500r--------------------.r-----------------,--------------------~---------------------.---------------------.---------------~.---------------------,------------------. 

400 

300. 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS=20 deg- W/HIGHGW- SLIDING BLOCK- STATIC 
Ten Most Critical. C:DBHSSR.PLT By: STAN KLINE 04-13-05 10:54pm 

500r------.~=========F========~========F=======~====~---.--------,--------. 

400 

300 

200 

6 

Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pcf) (pcf) (psf) 
120 125 50 
120 125 0 
120 125 0 
125 130 0 
120 125 0 
125 130 600 
130 135 50 

Friction 
Angle 
(de g) 
30 
20 
37 
33 
20 
30 
33 

Pore 
Pressure 
Parain. 

0 
0 

·o 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

3 
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0 100 200 300 400 500 600 700 800 

PCSTABL5M/SI FSmin = 1.67 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS=20 deg- W/HIGHGW-SliDING BLOCK- STATIC 
Surface #1-DBHSSR.OUT. C:DBHSSRS.PLT By: STAN KLINE 04-13-05 10:55pm 

500r------r~=========F========~========F=======~====~---r--------.--------. 

400 

300 

200 

6 

Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

5 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pcf) (pcf) (psf) 
120 125 50 
120 125 0 
120 125 0 
125 130 0 
120 125 0 
125 130 600 
130 135 50 

Friction 
Angle 
(deg) 
30 
20 
37 
33 
20 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psfl 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

3 
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PCSTABL5M/SI FS = 1.78 Theta= 8.87 X-Axis (ft) 

Factors Of Safety Calculated By Spencer's Method of Slices 

700 800 



Y-Axis 

(ft) 

400 

300 

200 

1 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.06g 
All surfaces evaluated. C:DBHC06R.PLT By: STAN KLINE 04-13-05 10:56pm 
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0~------~--------~------~~------~--------~------~--------~------~ 
0 100 200 300 400 500 600 700 800 

X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS = 20 deg- W/HIGHGW- CIRCULAR- STATIC 
All surfaces evaluated. C:DBHCSR.PLT By: STAN KLINE 04-13-05 10:52pm 

500r-----------------r----------~-----~----------------,~---------------or--------------------.-----------------r--------------------.----------------~ 

400 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 20 deg- W/HIGHGW- CIRCULAR- STATIC 
Ten Most Critical. C:DBHCSR.PLT By: STAN KLINE 04-13-05 10:52pm 

500r------.~=========F========~========F=======~====~---.--~----.-~--~~ 
Soil 

·Label Type 
No. 

WSTE/FIL 1 
Qc/SLIDE 2 
art 3 
Qal 4 
wcs 5 

400 ucs 6 
ENG FILL 7 

300 

200 

6 

6 

Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pet) (pet) (psf) 
120 125 50 
120 125 0 
120 125 0 
125 130 0 
120 125 0 
125 130 600 
130 135 50 

Friction 
Angle 
(de g) 

30. 
20 
37 
33 
20 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 

·o 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

3 
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PCSTABLSM/SI FSmin= 1.76 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

500 

400 

300 

200 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HLGWGW- CIRCULAR- 0.05g 
Ten Most Critical. C:DBHCOSR.PLT By: STAN KLINE 04-13-05 10:59pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label ·Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pet) (pet) (psf) (de g) Par am. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

5 

6 

3 

OL---------~---------L--------~--------~~--------~--------~--------~--------~ 
0 100 200 300 400 500 600 700 800 

PCSTABL5M/SI FSmin = 1.03 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft). 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS = 15 deg- W/HIGHGW- SLIDING BLOCK - 0.06g 
All surfaces evaluated. C:DBHS06R.PLT By: STAN KLINE 04-13-05 11:00pm 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HIGHGw--:-SLIDING BLOCK.- 0.06g 
Ten Most Critical. C:DBHS06R.PLT By: STAN KLINE 04-13-05 11:00pm 

500 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 

WSTE/FIL 1 120 125 50 3Q 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 

400 ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

300 

3 

200 

t----
6 
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0 100 200 300 400 500 600 700 800 

PCSTABLSM/SI FSmin = 0.93 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HIGHGW- SLIDING BLOCK- 0.06g 
Surface #1-DBHS06R.OUT. C:DBHS06RS.PLT By: STAN KLINE 04-13-05 11:01pm 

500r-----~~=========F========~========F=======~====~---r--------,--------. 

400 

300 

200 

6 

Label 

WSTEIFIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

5 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

Total 
Unit Wt. 

(pet) 
120 
120 
120 
125 
120 
125 
130 

Saturated Cohesion 
Unit Wt. Intercept 

(pet) (psf) 
125 50 
125 0 
125 200 
130 0 
125 0 
130 600 
135 50 

Friction 
Angle 
(de g) 
30 
15 
30 
33 
15 
30 
33 

Pore 
. Pressure 

Par am. 
0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

3 
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PCSTABL5M/SI FS~0.97 Theta=8.17 X-Axis (ft) 

Factors Of Safety Calculated By Spencer's Method of Slices 
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Y-Axis 

(ft) 
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300 

200 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HIGHGW -CIRCULAR- 0.06g 
Ten Most Critical. C:DBHC06R.PLT By: STAN KLINE 04-13-05 10:56pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type . .Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pet) (pet) (psf) (deg) Par am. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

5 

6 

3 

0~-----------------L--------------------~----------------~~-----------------L--------------------~----------------~--------------------~----------------~ 
0 100 200 300 400 500 600 700 800 

PCSTABLSM/SI FSmin = 0.99 X-Axis (ft) 

Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) . 

400 

1 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.05g 
All surfaces evaluated. C:DBHCOSR.PLT By: STAN KLINE 04-13-05 10:59pm 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

500 

400 

300 

200 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HIGHG-w-=-SLIDING BLOCK- 0.05g 
Surface #1-DBHS05R.OUT. C:DBHS05RS.PL T By: STAN KLINE 04-13-05 11 :03pi11 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type .Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (de g) Par am. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 . 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

5 

6 

3 
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0 100 200 300 400 500 600 

PCSTABL5M/SI FS = 1.02 Theta= 8.25 X-Axis (ft) 
Factors Of Safety. Calculated By Spencer· s Method of Slices 
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ATTACHMENT 6 
COMPUTER RUNS- TOE/BUTTRESS STABILITY 
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Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18o/oW/BM- WCS=20deg- W/HIGHGW-=-ClRCULAR- STATIC- TOE 
All surfaces evaluated. C:ABHCST .PL T By: STAN KLINE 04-13-05 11 :08pm 
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0 100 200 300 400 500 600 700 800 

X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18o/oW/BM- WCS= 15 deg- W/HIGHGw-:--SLIDING BLOCK.- 0.05g 
All surfaces evaluated. C:DBHS05R.PL T By: STAN KLINE 04-13-05 11 :02pm 

500~------~---------r--------~--------r-------~---------r--------~------~ 

300 

0~------~--------~--------~--------~------~--------~--------~------~ 
0 100 200 300 400 500 600 700 800 

X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HIGHGW- SLIDING BLOCK- 0.05g 
Ten Most Critical. C:DBHS05R.PLT By: STAN KLINE 04-13-05 11:02pm 

500r-~----~~======~========~========~=========F====~---r--------.---------. 

400 

300 

200 

6 

Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

t-----

Total 
Unit Wt. 

(pcf) 
120 
120 
120 
125 
120 
125 
130 

Saturated Cohesion 
Unit Wt. Intercept 

(pcf) (psf) 
125 50 
125 0 
125 200 
130 0 
125 0 
130 600 
135 50 

Friction 
Angle 
(de g) 
30 
15 
30 
33 
15 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 

·o 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

6 

3 _______ .. 

6 

---
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PCSTABL5M/SI FSmin = 0.97 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



Y-Axis 

(ft) 

500 

400 

300 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.06g- TOE 
Ten Most Critical. C:ABHC06T.PLT By: STAN KLINE 04-13-05 11 :09pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE · 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

3 

.,..-.3..----------
--- W1 W 

5 

6 

5 
6 
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PCSTABLSM/SI FSmin = 0.96 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHG~IRCULAR- 0.05g- TOE 
All surfaces evaluated. C:ABHC05T .PL T By: STAN KLINE 04-13-05 11:11 pm 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.05g- TOE 
Ten Most Critical. C:ABHC05T.PLT By: STAN KLINE 04-13-05 11: 11pm 

500r------r=F========~=======1=========F========F=====,-~--------~------~ 

400 

300 

Soil 
Label Type 

No. 
WSTE/FIL 1 
Qc/SLIDE . 2 
Qrf 3 
Qal 4 
wcs 5 
ucs 6 
ENG FILL 7 

6 
6 

Total 
Unit Wt. 

(pcf) 
120 
120 
120 
125 
120 
125 
130 

Saturated Cohesion 
Unit Wt. Intercept 

(pcf) (psf) 
125 50 
125 0 
125 200 
130 0 
125 0 
130 600 
135 50 

Friction 
Angle 
(de g) 
30 
15 
30 
33 
15 
30 
33 

Pore 
Pressure 
Param. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

3 

_,..-.3..----------
--- W1 W 
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6 

OL---------~---------L--------~--------~L---~----~--------~--------~~----~~ 
0 100 200 300 400 500 600 700 800. 

PCSTABL5M/SI FSmin = 1.00 X-Axis (ft) 

Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E B 18%W/BM- WCS=20deg- W/HIGHGW- CIRCULAR- STATIC- TOE 
All surfaces evaluated. C:BBHCST.PLT By: STAN KLINE 04-13-05 11 :12pm 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

500 

400 

300 

ROCKY FLATS OLF- M&E B 18%W/BM- WCS=20deg- W/HIGHGW---etRCULAR- STATIC- TOE 
Ten Most Critical. C:BBHCST.PLT By: STAN KLINE 04-13-05 11 :12pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label ·Type. Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (de g) Par am. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 20 0 0 W1 
Qrf 3 120 125 0 37 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 20 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

0~--------~--------~----------~--------~----------~--------~----------L---------~ 
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PCSTABLSM/51 FSmin = 1.79 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E B 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.06g- TOE 
All surfaces evaluated. C:BBHC06T.PLT By: STAN KLINE 04-13-05 11: 13pm 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS=20deg- W/HIGHGW- CIRCULAR- STATIC- TOE 
Ten Most Critical. C:ABHCST.PLT By: STAN KLINE 04-13-05 11 :08pm 

500 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 

WSTEIFIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 20 0 0 W1 
Qrf 3 120 125 0 37 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 20 0 0 W1 

400 ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

300 

3 

--.3..------------ W1 W 

5 

6 

5 
6 
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PCSTABLSM/SI FSmin = 1.54 X-Axis (ft} 

Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E A 18%W/BM- WCS= 15 deg- W/HIGHG~IRCULAR- 0.06g- TOE 
All surfaces evaluated. C:ABHC06T.PLT By: STAN KLINE 04-13-05 11 :09pm 
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Y-Axis 

(ft) 

500 

400 

300 

ROCKY FLATS OLF- M&E B 18%W/BM- WCS= 15 deg- W/HIGHGw-:-ciRCULAR- 0.09g- TOE 
Ten Most Critical. C:BBHC09T.PLT By: STAN KLINE 04-13-05 11 :14pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (de g) Par am. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

0~--------~--------~----------~--------~----------~--------~----------~--------~ 
0 100 200 300 400 500 600 700 800 

PCSTABL5M/SI FSmin = 1.00 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS=20deg- W/HIGHGw--:-ctRCULAR- STATIC- TOE 
All surfaces evaluated. C:CBHCST.PLT By: STAN KLINE 04-13-05 11:17pm 
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(ft) . 

500 

400 

300 

ROCKY FLATS OLF- M&E C 18%W/BM - WCS = 20deg- W/HIGHGW- CIRCULAR -STATIC- TOE 
Ten Most Critical. C:CBHCST.PLT By: STAN KLINE 04-13-05 11:17pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (de g) Param. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 20 0 0 W1 
Qrf 3 120 125 0 37 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 20 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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0 100 200 300 400 500 600 700 800 

PCSTABLSM/SI FSmin = 1. 73 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHGW--CIRCULAR · 0.06g ·TOE 
All surfaces evaluated. C:CBHC06T.PLT By: STAN KLINE 04-13-05 11:18pm 

500r----------------~r-----------------.---------------------.---------------------.---------------------.---------------------.--------------------,----------------~ 

400 

300 

OL----------------~--------------------~--------------------~--------------------~--------------------~--------------------~--------------------~---------------~ 
0 100 200 300 400 500 600 700 800 

X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18o/oW/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.06g- TOE 
Ten Most Critical. C:CBHC06T.PLT By: STAN KLINE 04-13-05 11:18pm 

500 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pcf) (pet) (psf) (de g) Par am. (psf) No. 

WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE · 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 

400 ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

300 
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PCSTABL5M/SI FSmin = 1.14 X-Axis (ft) 
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Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHGW--CIRCULAR- 0.10g- TOE 
All surfaces evaluated. C:CBHC10T.PLT By: STAN KLINE 04-13-05 11 :22pm. 
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ROCKY FLATS OLF- M&E C 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.10g- TOE 
Ten Most Critical. C:CBHC10T.PL T By: STAN KLINE 04-13-05 11 :22pm 

500 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pcf) (pcf) (psf) (de g) Par am. (psf) No. 

WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 

400 ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 

300 

200 
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PCSTABL5M/SI FSmin = 1.00 X-Axis (ft) 
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Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E 8 18%W/BM- WCS= 15 deg- W/HIGHGw-=-CIRCULAR- 0.06g- TOE 
Ten Most Critical. C:BBHC06T.PLT By: STAN KLINE 04-13-05 11:13pm 

500r----------------~F========4========~========~=========F====~------r--------------------,------~-------. 

400 

300 

Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

Total 
Unit Wt. 

(pet) 
120 
120 
120 
125 
120 
125 
130 

Saturated Cohesion 
Unit Wt. Intercept 

(pet) (psf) 
125 50 
125 0 
125 200 
130 0 
125 0 
130 600 
135 50 

Friction 
Angle 
(de g) 
30 
15 
30 
33 
15 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 
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Y-Axis 
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ROCKY FLATS OLF- M&E B 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.09g- TOE 
All surfaces evaluated. C:BBHC09T.PLT By: STAN KLINE 04-13-05 11 :14pm 
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Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.06g- TOE 
All surfaces evaluated. C:DBHC06T.PLT By: STAN KLINE 04-13-05 11 :26pm 
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X-Axis (ft) 
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Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18o/oW/BM - WCS= 15 deg- W/HIGHG~IRCULAR- 0.06g- TOE 
Ten Most Critical. C:DBHC06T.PLT By: STAN KLINE 04-13-05 11 :26pm 

500r-----~~====~===F========~========F=======~====~---r--------,-~-----. 
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Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

5 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

Total 
.Unit Wt. 

(pet) 
120 
120 
120 
125 
120 
125 
130 

Saturated Cohesion 
Unit Wt. Intercept 

(pcf) (psf) 
125 50 
125 0 
125 200 
130 0 
125 0 
130 600 
135 50 

Friction 
Angle 
(deg) 
30 
15 
30 
33 
15 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

3 
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Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HIGHGW- CIRCULAR- 0.05g- TOE 
All surfaces evaluated. C:DBHC05T.PL T By: STAN KLINE 04-13-05 11 :28pm 
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ROCKY FLATS OLF- M&E D 18%W/BM- WCS= 15 deg- W/HIGH~CIRCULAR- 0.05g- TOE 
Ten Most Critical. G:DBHC05T.PLT By: STAN KLINE 04-13-05 11 :28pm 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (de g) Par am. (psf) No. 
WSTE/FIL 1 120 125 50 30 0 0 W1 
Qc/SLIDE 2 120 125 0 15 0 0 W1 
Qrf 3 120 125 200 30 0 0 W1 
Qal 4 125 130 0 33 0 0 W1 
wcs 5 120 125 0 15 0 0 W1 
ucs 6 125 130 600 30 0 0 W1 
ENG FILL 7 130 135 50 33 0 0 W1 
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. APPENDIXA 

ATTACHMENT7 
REGULATORY AGENCY REQUESTED MODEL 



Regulatory Agency Requested Model Results 

Cross Section A-A' Buttress Toe Stability 
Using Regulatory Suggested Strength Parameters and 

XIS 102 : ope on 12ura ton E ·r 3HIVSI C fi t• 

Groundwater 
·Geometric Minimum Safety Factor 
Condition Analysis Type1 

Condition 
3H:lV Static Analysis Design Criteria 

100-Year Wet Local Toe/ 
Circular Search 1.4 1.5 

Year Buttress Area 

Cross Section D-D' Buttress Toe Stability 
Using Regulatory Suggested Strength Parameters and 

XIStiD2 : ope on iguratton E . . 3H IV Sl C fi . 

Groundwater 
Geometric Minimum Safety Factor 
Condition Analysis Type1 

Condition 
3H:lV ·static Analysis Design Criteria 

100-Year Wet Local Toe/ 
Circular Search 1.4 1.5 

Year Buttress Area 

Cross Section A-A' Buttress Toe Stability 
Using Regulatory Suggested Strength Parameters and 

xtstmg . : ope on tguration E . . 3 IH IV Sl C fi . 

Groundwater 
Geometric Minimum Safety Factor 
Condition Analysis Type1 

Condition 
3.1H:lV Static Analysis Design Criteria 

100-Year Wet Local Toe/ Circular Search 1.5 1.5 
Year Buttress Area 

Cross Section D-D' Buttress Toe Stability 
Using Regulatory Suggested Strength Parameters and 

XJStiD2 . : ope on 1gurat10n E . . 3 IH IV Sl C fi . 

Groundwater 
Geometric Minimum Safety Factor 

Condition 
Condition Analysis Type1 

3.1H:lV Static Analysis Design Criteria 

100-Year Wet Local Toe/ 
Circular Search 1.5 1:5 

Year Buttress Area 

1 Circular search results based on Bishop's Modified Method of Analysis. Sliding block "Search 
based on Janbu's Modified Method of Analysis, with results based on more rigorous and more 
accurate Spencer's Method of Analysis performed on the critical ·surface identified from the -search. 



• 

S•mple Sample Sample t,J.S.C.S. Soli 
Type Number l)eptb Claisl-

(ft) fieatlon 
Bulk PF-1 1-2. sc 
Bulk PF-2 1-2 sc 
.Bulk PF-3 1-2 sc 
Bulk PF-4 1-2 sc 
Bulk· PF-5 1-2 sc 
Bulk PFS-Oup 1-2 . sc 
Bulk PF-6 1-2 .SC 
Bulk PF-7 1-2 sc 
Bulk PF-8 1-2 sc 
Bulk PF-9. 1-2 sc 
Bulk PF-10 1-2 sc 

Spec Foundation . NA NA 
Spec· Cushion . NA NA 

··NOTES: U. = LIQUJ,D LIMIT 
PL = PLASTIC LIMIT · 
PI = PLASTIC INDEX 
SL = SHRINK,AOB ~IMIT 

• ASTMD471~ 

TABLEl· 
ROCKY FLATSIFI!LD and LAJI TESTlNG/CO 

SUMMUY OF SOIL J)ATA · 

l)ellvered 
Moisture 

(%) 
16.1 
10.3 
18.l . 
17.4 
12.8 

. 11.4 
ll.S 
13.5 
14.9 
13.8 
14.8 

NA 
NA 

Atterberg · · Grain Size Diitrlbutlon · 
Limits o/e Finer %Finer o/e Finer 

· LL PL PI 3/4" ##4. #100 
39 19 20 100 84 30 
43 19 24 100 85 29 
43 18 25 100 81 30 
35 16 19 100 89 30 
37 19 18 100 86 29 
40 19 21 100 87 28 
45 20 25 100 82 30 
35 18 17 100 87 24 
41 19 22 100 82. 28 
38 18 20 100 .. 87 25 
43 18 25 100 83 28 

NA NA NA .. 100 81.3 20.5 
NA NA NA J!O 81.3 20.5 

.. 

T = 1'RlAXJAl. TEST. 
U = UNCONFINED COMPRESSION TEST 
C = CONSOLU>ATION TEST 

· DS = DIRECT SHIWl TBST 
PERM= PERMBA.BlLITY 

Spedfie 
Gravity 

-
-
-
-
--
-
--
--

MolsfA)en Relationship 
Standard Proctor 

PCFCDn) Moist(%) 
120.6• 10.7• 
119.9* . "11.7* 
121.0* 10.9* 
122.9* 10.6* 
121.9* 10.8* 
122.3* 11.1* 
120.3* 12.5* 
125.1* 10.3* 
117.9* 1L9* 
125.1* 10.4* 

.. 
122.1* 11.0* 

NA NA 
NA NA 

• r~· ----

~· JULY, 2004 
SoD~2004~\Toblll · 

Golder Associates 
~· .. -1114/~.r . ~~~-- . ·..r;, /4/' 

EFF~d'7~~£ · 

.T~;,_ r,e,#f~iff..
·.· ;;,;J!7 AA'Nl 

(!' rr· 
~J& .tiD~ 
... ........ 
Gam~eaa 

. (See Notes) 
0 J4.o 

./J1 ·-~.7 
/I( .:/:9, I 
#U' .h.z... 

0 41J.R . 
.. 

t;J 4'1,9 

/"/:,. .2~,/ 

/9"' .v.."/ 
'72.. .n.o 

/4t, ;.f.t 

043-2246.0001 
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V-Axis 

(ft) 

400 

300 

200 

100 

ROCKY FLATS OLF ~8%W/BM- WCS=20deg- W/HIGHGW- CIRCULAR- STATIC- TOE 
Ten Most Cr1t1cal. C:ABHCST .PL T By: STAN KLINE 05-06-05 1:52pm 

-----··-soil Total Saturated Cohesion 
Label Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psfl 
WSTE/FIL 1 120 126 60 
Qc/SL.IDE 2 120 126 0 
Qrf 3 120 126 0 
Qal 4 126 130 0 
wcs 6 120 126 0 
ucs 6 126 130 600 
ENG FILL. 7 130 136 

6 
6 

Friction Pore Pressure Piez. 
Angle Pressure Constant Surface 
(de g) Par am. (psf) No. 
30 0 0 W1 
20 0 0 W1 
37 0 0 W1 
33 0 0 W1 
20 0 0 W1 

0 0 W1 
0 0 W1 

!?-£~ vt.A- "ttY~.., ~t:f4c~"'4 
ki'J£t'7.tV/£ J?,e£..1'./ ,Etvv~#F 

3 

----~----·------• W1 W 

&· 
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PCSTABL5M/SI ~lmin = 1 ;44} X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) . 

400 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS=20deg- W/HIGHGW- CIRCULAR- STATIC- TOE 
All surfaces evaluated. C:DBHCST .PL T By: STAN KLINE 04-13-05 11 :25pm 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



Y-Axis 

(ft) 

ROCKY FLATS OLF- M&E D 18%W/BM- WCS=20deg- W/HIGHGw-:-ctRCULAR- STATIC- TOE 
Ten Most Critical. C:DBHCST.PLT By: STAN KLINE 04-13-05 11 :25pm 

500r-----------~~=========F========~========F=======~====~------r--------------------.-~----------~ 

400 

300 

200 
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Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

Total 
.Unit Wt. 

(pcf) 
120 
120 
120 
125 
120 
125 
130 

Saturated Cohesion 
Unit Wt. Intercept 

(pcf) (psf) 
125 50 
125 0 
125 0 
130 o· 
125 0 
130 600 
135 50 

Friction 
Angle 
(de g) 
30. 
20 
37 
33 
20 
30 
33 

Pore 
Pressure 
Par am. 

0 
0 

·o 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

3 
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Run Date: 

* * PCS.TABl.SM * * 

by 
Purdue Univer&ity 

--Slope Stability Analysis-
Simplified Janbu, Simplified Bishop 

or Spencer's Method of Slices 

Time of Run: 
05-11-05 
2:27pm 

Run By: 
Input Data Filename: 
OUtput Filename: 
Unit: 
Plotted Output Filename: 

STAN KLINE 
C :ABHCST. IN 
C:ABHCST.OUT 

C:ABHCST.PLT 

PROBLEM DESCRIPTION ROCKY FLATS OLF - M&E A 18%W/BM - WCS=20 
deg - W/HIGHGW - CIRCULAR - STATIC - TOE 

BOUNDARY COORDINATES l ', I iJv"'-
7 Top Boundaries 38#! 

24 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. ( ft, m} (ft,m) · ( ft, m) ( ft, m) Below Bnd 

1 .00 150.00 172.50· . 150.00 4 
2 Cv[)]). 150.00 250.00 175.00 7 
3 250.00 175.00 320.00 175.00 7 
4 320.00 175.00 392.40 188.00 2 
5 392.40 188.00 630.00 230.60 1 

i 
6 630.00 230.60 710.00 245.00 3 

;7 710.00 245.00 800.00 245.00 3 
i 8 392.40 188.00 435.00 188.00 2 
' 9 435.00 188.00 520.00 195.00 2 
10 . 520.00 195.00 570.00 205.00 2 
11 f70 ._DO 205.00 630.00 .230.60 3 
12 C:k12 .]OJ 150.00 245.00 150.00 4 
13 245.00 150.00 320.00 175.00 2 
14 .oo 143.00 205.00 143.00 5 
15 205.00 143.00 245.00 150.00 5 
16 245.00 150.00 325.00 165.00 5 
17 325.00 165.00 400.00 175.00 5 
18 400.00 175.00 500.00 185.00 5 
19- 500.00 185.00 570.00 205.00 5 
20 570.00 205.00 800.00 210.00 5 
21 .00 13 0. (}0 220.0() 135.00 6 



22' 
2'3 
2•4 

220.00 
400.00 
ss.o.oo 

135. 0"0 
170.00 
19-0. 00 

400.00 
580.00 
80'0.0'0 

17'0. 00 
19-0'. 00 
2'00.0'0 

6 
6 
6 

·------------------~---------------------------------------------~--------~---

ISOTROPIC SOIL PARAMETERS 

7 Type(s) of Soil 

Soil Total Saturated Cohe.sion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Inte:rcept Angle Pressure Constant Surface 

No·. (pcf, KN/m3) (psf, KPa) (deg) Par am. (psf, KPa) No. 

1 120.0 125.0 50.0 3 (}. 0 .oo .o 1 
2 120.0 125.0 .0 20.0 .00 . 0 1 
3' 120.0 125.0 . 0 37.0 .. 00 . 0 1 .. 
4 125.0 130·. 0 . 0 33.0 .00 .0 1 
5 120.0 125.0 . 0 20.0 .00 .o 1 
6 125.0 130.0 600.0 30.0 .00 . 0 1 
? 1J.O.O 135.0 . 0 27.0 .00 .o 1 

------------------~-----------------------------------------------------.--------

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water = 62.40 

Piezometric Surface No. 1 Specified by 6 Coordinate Points 

Point X-Water Y-Water 
No. (ft,m} ('ft,m) 

1 .oo 150.00 
2 245.00 150.00 
J. 425.00 19-0.00 
4 520.00 200.00 
5 665.00 230.00 
6 800.00 230.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1000 Trial Surfaces Have Been Generated. 

100 Surfaces Initiate From Each Of 10 Points Equally Spaced 
Along The Ground Surface Between X = 50.00 (ft;m) 

and X = 200.00 (ft~m) 



Each Surface Terminates Between 
and 

x = 25~.oo (ft,mr 
X = 450.00 (ft,m} 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =135.00 (ft,m) 

10.00 (ft,m} Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial. 
Failure Surfaces Examined. They Are Order~d - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 

Failur~ Surface Specified By ·14 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft, m) (ft,m)· 

1 150.00 150.00 
2 158.41 144.58 
3 167.48 140.38 
4 177.04 137.46 
5 186.92 135.88 
6 196.92 135.68 
7 206.85 136.86 
8 216.52 139.40 
9 225.75 143.24 

10 234.37 148.31 
11 242.20 154.53 
12 249.11 ·161. 76 

113 254.95 169.88 
I 

175.00 '14 257.66 I 

Circle· Center At X = 193.3 ; y = 207.8 and 

*** 1.463 *** 

Individual data on the 

Water Water 
Force Force 

19 slices 

Tie 
Force 

Tie 
Force 

Radius, 72.2 

·· Earthquake · 
Force Surcharge 



Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft,m} (lbs,kg} ( lbs, N} ( lbs, N) (lbs, N)· (lbs,N) (lbs,N) (lbs, N) (lbs,N) 

1 8.4 £g,s.9-.4 . 0 1689'. 8 .o .() .0 . 0 .0 
2 3.4 2?5.6.3 .o 1458.4 .o . 0 .0 . 0 .0 
3 5.7 6074.8 .o 3233.9 .(). .o .(} . 0 .0 
4 5.0 669'6. 8 .o 3403.5 .(J . 0 .0 .o .o 
5 4.5 7320.9 . 0 3512.1 .o . 0 .0 . 0 .0 
6 9.9 20725.4 . 0 8317.2 .o .0 .o . 0 .o 
7 10.0 26257.4 .o 8870.7 .o . 0 .o . 0 .o 
8 8.1 23~09.8 . 0 7027.9 .o . 0 . 0 . 0 .0 
9 1.8 5710.4 . 0 1537.5 .o . 0 . 0 . 0 .0 

10 9.7 30530.9 .o 74(}7.(J .o .o . 0 .o .o 
11 9.2 29'043. 9 . 0 5417.8 .o .o .0 .o .0 
12 8.2 2-4267.5 . 0 2580'.1 .o .0 .(} .. 0 .0 
13 .4 1191.3 . 0 55.4 .0 .(} .(} .o .0 
14 2.1 5841.8 . 0 142.6 .0 . 0 .0 . 0 .0 
15 5.7 14326.2 . 0 .0 .0 .o .o .o .o 
16 6.9 13873.1 . 0 .0 .0 .0 . .o .o .o 
17 .9' 1444.1 . 0 .0 .o . 0 . 0 .0 .o 
18 5.0 5514.4 . 0 .o .0 .o .o .o .o 
19 2.7 9·01. 6 . 0 .0 .o .o .0 .o .0 

Failure Surface Specified By 14 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft,m) (ft,m} 

1 150.00 150.00 
2 158.33 144.47 
3 167.36 140.17 
4 176.9() 137.18 
5 186.77 135.58 
6 196.77 135.39 
7 206. 7(} 136.62 
8 216.35. 139.24 
9 225.53 143.19 

10 234.07 148.40 
11 241.78 154.77 
12 248.51 162.17 
13 254.13 170.44 
14 256.36 175.00 

Circle Center At X = 193.0 i y = 205.6 and Radius, 70.3 

*** 1.465 *** 

-------------------------------------------------------------------------------
Failure Surface Specified By 14 Coordinate Points 

Point 
·No. 

X- Surf. 
( ft, m) 

Y-Surf 
(ft, m) 



1 15.0.00 15.0'.00 
2 158.38 144.54 
3 167.41 140.24 
4 176.9-3 137 .19: 
5 186.77 135.43 
6 196.76 135 . 01 
7 206.72 135.93 
8 216.47 138.17 
9 225.83 141.69 

10 234.63 146.43 
11 242.72 152.31. 
12. 249.96 159.21 
13 256.21 167.02 
14 261.00 175.00 

Circle Center At X = 194.9 i y = 209.6 and Radius, 74.6 

*** 1.465 *** 

Failure Surface Specified By 14 Coordinate Points 

Point x-surf Y-Surf 
No. (ft,rn} (ft,rn) 

1 150.00 150.00 
2 158.49 144.71 
3 167.61 140.62 
4 177.20 137.79 
5 187.09 136.28 
6 197.09 136.12 
7 207.02· 137.31 
8 216.70 139.82 
9 225. 9-5 143.62 

10 234.60 148.63 
11 242.51 154.76 
12 249.51 161.89 
13 255.49 169.91 
14 258.30 175.00 

I 
I 

circle Center At X = 193.2 i y = 209.8 and Radius, 73.8 
I 
' 

*** 1.465 *** 

------------~~~-------~-----------------------------------------------·----------

Failure Surface Specified By 14 Coordinate Points 

Point 
No. 

X-Surf 
(ft,rn) 

Y-Surf 
(ft,rn) 



No. ( ft, m) ( ft, m) 

1 150.00 150.00 
2 158-.41 144.59 
3 167.46. 140.33 
4 176.98 137.28 
5 186.82 135.49 
6 19·6. 81 135.01 
7 206.77 135.83 
8 216.55 137.9-5 
9 225.96 141.32 

10 234.86 145.88 
11 243.08 151.57 
12 250.49 158.29 
13 256.97 165.91 
14 262.39 174.31 
15 262.72 175.00 

Circle Center At X = 195.5 ; y = 211.5 and Radius, 76.5 

*** 1.467 *** 

Failure Surface Specified By 14 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft, m) ~ft, m) 

1 150.00 150.00 
2 158.48 144.69 
3 i67.6(). 140.59 
4 177.19 137.77 
5 187.08 136.28 
6 197.08 136.14 
7 207.00 137.37 
8 216.66 139.94 
9 225.89 143.80 

10 234.50 148.89 
11 242.34 ·155.09 
12 249.27 162.31 
13 255.14 170.40 
14 257.61 175.00 

Circle Center At X = 193.0 ; y = 209.1 and Radius, 73.1 . 

*** 1.467 *** 

Failure Surface Specified By 14 Coordinate Points 



Point X-Surf Y-Surf 
No. ( ft, m} ( ft, m) 

1 150..00 15(}.00 
2 158.53 144.78 
3 167.68 140.75 
4 17'7.29 137.97 
5 187.18 136.51 
6 19-7.18 136.37 
7 207.11 137.57 
8 216.79- 140.09 
9 226.04 143.87 

10 234.71 148.86 
11 242.64 154.96 
12 249.68 162.06 
13 255.70 170.04 
14 25·8. so 175.00 

Circle Center At X = 193.1 ; y = 210.8 and Radius, 74.5 

*** 1.467 *** 

Failure Surface Specified By 14 Coordinate Points 

Point x-surf Y-Surf 
No. ( ft, m) (ft,m> 

1 150.00 150.00 
2 158.47 144.69 
3 167.59. 140.58 
4 177.18 137.75 
5 187.07 136.27 
6 197.07 136.15 
7 206.99- 137.39 
8 216.65 139.98 
9 225.87 143.87 

10 234.46 148.97 
11 242.28 155.21 
12 249.18 162.45 
13 255.02 170.57 
14 257.36 175.00 

Circle Center At X = 192.9 ; y = 208.8 and Radius, 72.8 

*** 1.468 *** 
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--~----Soil 
Label Type 

WSTE/FIL 
Qc/SLIDE 
Clrf 
Qal 
wcs 
ucs 
ENG FILL 

& 

No. 
1 
2 
3 
4 
5 
6 
7 

Total Saturated Cohesion Friction 
Unit Wt. Unit Wt. Intercept Angle 

(pcf) (pcf) (psf) · (deg) 
120 126 60 30 
120 126 0 20 
120 126 0 37 
126 130 0 33 
120 126 0 20 
126 130 /60.::;,;0;...--'"'!!3----.. 
1~ 1~ ~ 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
0 

Pressure . Plez. 
Constant Surface 

(psff No. 
0 W1 
0 W1 
0 W1 
0 W1 
0 W1 
0 W1 
0 W1 

~ VW'l~u:.e., Jv~" c cf'7&p 

£~7,...,~ &,eQf ,c;..,"-~Pi?/Jt? 

0~--------~--------~~--------~--------_.----------~------~~--------~~--------~ 
0 100 200 300 400 500 600 700 800. 

PCSTABL5M/SiefSmin = 1.4§) X-Axis (ft) 
Factors Of Safety Calculated By- The Modified Bishop MethC)d 



Run Date: 

* * PCSTABL5M * * 

by 
Purdue University 

--Slope Stability Analysis-
Simplified Janbu 1 s.implified Bishop 

or Spencer's Method of Slices 

Time of Run: 
OS-11-05 
2:29pm 

Run By: 
Input Data Filename: 
Output Filename: 
Unit: 
Plotted Output Filename:· 

STAN KLINE 
C: DBHCST. IN 
C:DBHCST.OUT 

C:DBHCST.PLT 

PROBLEM DESCRIPTION ROCKY FLATS OLF - M&E D 18%W/BM - WCS=20 
deg - W/HIGHGW - CIRCULAR - STATIC - TOE 

BOUNDARY COORDINATES 
'· \ i yt 

J·\ rvtt 
6 Top Boundaries . $".,.... 

24Total Boundaries 

Boundary X-Left Y-Left Y-Right Soil Type 
No. ( ft 1 m} ( ft I m) ( ft, m) Below Bnd 

1 .00 130.00 1 3.0 130.00 4 
2 (!13 .o]) 130.00 215.00 150.00 7 
3 215. oo. 150.00 293.80 150.00 7 
4 293.80 150.00 740.00 232.00 1 
5 740.00 232.00 780.00 232.00 1 
6 780.00 232.00 800.00 232.00 3 
7 293.80 150.00 320.00 150.00 7 
8 320.00 150.00 430.00 165.00 2 
9 4~0. 00 165.00 580.00 195.00 2 

. 10 {li3 .Q]) 130.00 240.00 130.00 4 
11 240.00 130.00 320.00 150.00 2 
12 240.00 130.00 260.00 125.00 5 
13 260.00 125.00 280.00 125.00 5 
14 280.00 125.00 325.00 133.00 5 
15 325.00 133.00 540.00 180.00 5 
16 540.00 180.00 580.00 195.00 1 
17 540.00 180.00 625.00 195.00 5 
18 625.00 195.00 780.00 232.00 3 
19 625.00 195. 00 8 00.00 200.00 5 
20 .00 120.00 240.00 130.00 5 
21 .00 110.00 150.(}0 110.00 6 



22• 
23 
24 

150.00 
43-0.00 
660.00 

110.00 
137.00 
175.00 

ISOTROPIC S.OIL PARAMETERS 

7 Type(s) of Soil 

Soil Total Saturated Cohesion 

430.0.0 
660.00 
800.00 

Friction 

137.00. 
175.00 
180.00 

Pore Pressure· 

6 
6 
6 

Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

l{o. (pcf 1 KN/m3) (psf 1 KPa} (deg} Param. (psf I KPa} No. 

1 120.0 125.0 50.0 30.0 . (}0 .0 1 
2 120.0 125.0 . 0 20.0 .00 .o 1 
3 120.0 125.0 . 0 37.0 .00 . 0 1 
4 125.0 130.0 .o 33.0 .oo . 0 1 
5 120.0 125.0 .0 20.0 .oo .o 1 
6 125.0 130.0 600.0 30.0 .oo .o 1 
7 130.0 135.0 . 0 27.0 .00 .o 1 

-----------------.---------------~----------------~------------------------------

1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED. 

Unit Weight of Water= 62.4(} 

Piezometric Surface No. 1 Specified by 6 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 

·x-water 
( ft I m} 

.00 
240.00 
325.00 
545.00 
660.00 
800.00 

Y-Water 
(ftl m} 

130.00 
130.00 
138.00 
180.00 
195.00 
212.00 

----------~---~-----------------------------------------------------------------

A Critical Failure Surface Searching·Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1000 Trial Surfaces Have Been Generated. 

·100 Surfaces Initiate From Each Of 10 Points Equally Spaced 
Along The Ground Surface Between X = 50.00 (ftlm) 

and X= 175.00 (ftlm} 
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(ft) 

400 

300 

200 

ROCKY FLATS OLF {MJiiiD18%W/BM- WCS=20deg- W/HIGHGW- CIRCULAR- STATIC- TOE 
Ten Most Critical. C:DBHCST .PL T By: STAN KLINE 05-06-05 2:02pm 

6 

Label 

WSTE/FIL 
Qc/SLIDE 
Qrf 
Qal 
wcs 
ucs 
ENG FILL 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 
7 

Total Saturated Cohesion Friction 
Unit Wt. Unit Wt. Intercept Angle 

(pcf) (pcf) (psf) (deg) 
120. 125 50 30 
120 125 0 20 
120 125 0 37 
125 130 0 33 
120 125 0 20 
125 130 ;;.60;.;0;.....-..;3~ 
130 135 27 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Swface 

No. 
W1 
W1 
W1 
W1 
W1 
W1 
W1 

/2& t:tJV/¥"().1! 7 J~~~lffd'efl 

/E#!fA;~e e#.e.~~./' ,E"/.,v&i-6,-F 

3 

0~--------~---------L--------~--------~~--------._ ________ ~ ________ _. ________ ~ 
0 100 200 300 400 500 600 

PCSTABL5MIS@IDin = 1.42) X-Axis (ft) 
--·Factors Of Safety Calculated By The Modified Bishop Method 

700 800 



1 6.5 1767.7 .o 1007.5 . 0 .0 .0 .0' .o 
2 1.9 1177.8 .o 674.8 .o .0 . 0 .0 .o 
3 9.2 8620.0 .o 4563.5 . 0 .0 . 0 . 0 .o 
4 2'.0 2'415.9 .(). 1216.7 .o .0 .0 . 0 .o 
5 7.7 11607.5 .(). 5224.1 .o .0 .0 . 0 .o 
6 10.0 20016.1 .o 7256.7 . 0 .0 .. 0 . 0 .o 
7 9.9 23444.0 .o 6986.4 . 0 .0 .0 . 0 .o 
8 9.5 21840.5 .o 5638.1 .o .0 .0 . 0 .o 
9 8.9 21329.9 .o 3253.0 .o .0 .0 . 0 .o 

10 1.6 l691. 9 .o 292.2 . 0 . 0 . 0 . 0 .o 
11 2.1 4572'.4 . 0 137.2 . 0 .0 .0 . 0 .o 
12. 4.2 8185.9 .o .0 . 0 .0 .o .o .o 
13 6.7 10155.7 .o . 0 . 0 .o .0 . 0 .o 
14 1.3 1371.8 .o . 0 . 0 .o .0 . 0 . 0 
15 4.1 2192.1 . 0 . 0 . 0 . 0 .0 . 0 .o 
16 .4 24.2 . 0 . 0 . 0 .o .o . 0 .o 

Failure Surface Specified By 12 Coordinate Points 

Point x-surf Y-Surf 
No. ( ft, m) ( ft, m) 

1 133.33 130.00 
2 141.71 124.53 
3 150.92 120.64 
4 160:.68 118.46 
5 170.67 118.05 
6 180.57 119.44 
7 190.07 122.56 
8 198.86 127.33 
9 2(}6. 66 133.59 

10 213.21 141.15 
11 218.31 149.75 
12 218.41 150.00 

Circle Center At X = 167.9 ; y = 173.8 and Radius, 55.8 

*** 1.446 *** 

I -----------j--------------------------------------------------------------------1 . 

' 

Failure Surface Specified By 11 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 

X-Surf 
( ft, m) 

133.33 
142.34 
151.89 
161.78 
171.78 
181 . .67 
191.23 

Y-Surf 
( ft, m) 

130.00 
125.65 
122.69 
121.19 
121.17 
122.65 
125.58 



Y-Axis 

(ft) . 

400 

300 

ROCKY FL.ATS OLF -~18%W/BM- WCS=20deg- W/HIGHGW- CIRCULAR- STATIC- TOE 
Ten Most Critical. C:ABHCST.PLT By: STAN KLINE 05-06-05 2:32pm 

Label 

WSTE/FIL 
Qc/SLIDE 
art 
Qal 
wcs 
ucs 
ENG FILL 

6 
8 

Soil 
Type 
No. 

1 
2 
3 
4 
5 
6 

•7 

Total Saturated Cohesion 
Unit Wt. Unit Wt. Intercept 

(pcf) (pcf) (psf) 
120 125 50 
120 125 0 
120 126 0 
126 130 0 
120 126 0 

Friction 
Angle 
(de g) 
30 
20 
37 
33 
20 

Pore 
Pressure 
Par am. 

0 
0 
0 
0 
0 

Pre1111ure 
Constant 

Piez. 
Surface 

No. 
W1. 

126 130 ;6;0.-,.:0~-~"" 
130 135 

0 
0 

(psf) 
0 
0 
0 
0 
0 
0 
0 

W1 
W1 
W1 
W1 
W1 
W1 

!<J=~vi./1 ~g/l-"7 c:/Ucvt:,P;c~ 
/~n;._,e;· t:f!e/-a¥ .E~~i!F~J"E 

3 

..,..-.:L.------------- W1 W 

6 
6 

0~--------~--------~--------_.--------~----~----~--------------~-----------~--------------~ 
0 100 200 300 400 500 600 700 800 

. . PCSTABL5MIS(f"Si!1in=J:"4§)x-Axis (ft). · 
-- Factors Of Safety Calculated By The Modified Bishop Method 



12 2"21 . 8 7' 150.0.(} 

Circle Center At X= 169.9 ; Y = 173.9 and Radius, 57.2 

*** 1.464 *** 

Failure Surface Specified By 11 Coordinate Points 

Point X-Surf Y-Surf 
·No. (ft, m) ( ft, m) 

1 133.33 130.00 
2 141.46 124.17 
3 150.55 120.01 
4 160.28 117.68 
5 170.27 117.27 
6 180.15 118.79 
7 189.56 122.19 
8 198.13 127.33 
9 205.55 134.04 

10 211.54 142. (}4 
11 215.37 150.00 

Circle Center At X ·= 167.4 i y = 168.8 and Radius, 51.7 

*** 1.467 . *** 

Failure Surface Specified By 12 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft, m) ( ft, m) 
I 
I 

.'1 133.33 130.00 
12 141.69 124.51 
·3 150.82 120.43 

4 160.49 117.88 
5 170.44 116.91 
6 180.42 117.56 
7 190.17 119.80 
8 199.43 123.59 
9 207.9-6 128.81 

10 215.53. 135.33 
11 221.96 142.99 
12 226.14 150.00 

Circle Center At X = 17'1.4 i y = 178.7' and Radius, 61.8 



*** 1. 469- *** 

Failure Surface Specified By 12 Coordinate Points 

Point x...,surf Y-Surf 
No. (ft, m) ( ft, m) 

1 133.33 13 ().. 00 
2 141.26 123.90 
3 150.15 119.33 
4 15g..72 116.42 
5 169.66 115.29 
6 179.63 115. 95 
7 189.33 118.40 
8 198.43 122.55 
9 206.63 128.27 

10 213.68 135.37 
11 219.33 143.61 
12 222.19 150.00 

Circle Center At X = 170.9 ; y = 170.5 and Radius, 55.2 

*** 1.481 *** 

Failure Surface Specified By 12 Coo~dinate Points 

Point X-Surf Y-Surf 
No. ( ft, m) ( ft, m} 

1 133.33 130.00 
2 142.06 125.11 
3 151..39 121.52 

\ 4 161.14 119.31 
5 171.11 118.52 I 

6 181.09 11g..17 
7 190.87 121.24 
8 200.25 124.70 
9 209.04 129.48 

10 217.05 135.46 
11 224.12 142.53 
12 229.70 150.00 

Circle Center At X = 171.6 ; y = 187.9 and Radius, 69.4 

*** 1.487 *** 



Failure Surface Specified By 12 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft, m) (ft,m) 

1 .133.33 ·130.(}0 
2 142.50 126.01 
3 152.13 123.32 
4 162.04 121.97 
5 172.04 122.00 
6 181.95 123.40 
7 19-1.56 126.14 
8 200.71 130.17 
9 209.22 135.42 

10 216.93 141.79 
11 223.70 149.16 
12 224.28 150.00 

Circle Center At X = 166.8 ; y = 194.4 and Radius, 72.6 

*** 1.489 *** 
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APPENDIXB 

LANDFILL ENGINEERING- FINAL DESIGN 
SETTLEMENT ANALYSIS 



1 150'.00 150.00 
2 158.5-1 144.74 
3 167.64 140.67 
4 177.2-4 137.86 
5 187.13 136.36 
6 197.12 136.20 
7 207. OS 137.38 
8 216.74 139.88 
9 226.00 143.65 

10 234.67 148.63 
11 242.60 154.73 
12 249.64 161.83 
13 255.66 169.81 
14 258.58 175.00 

Circle Ceater At X = 193.3 ; y = 210.4 and Radius, 74.3 

*** 1.465 *** 

Failure Surface Specified By 14 Coordinate Points 

Point x-surf Y-Surf 
No. ( ft, m~ ( ft, m) 

1 150.00 1·50. 00 
2 158.25 144.35 
3 167.23 139.95 
4. 176.75 136.89 
5 186.62 135.24 

·6 196.61 135.03 
7 206.54 136.26 
8 216.18 138.92 
9 225.34 142.93 

10 233.82 148.23 
11 241.45 154.69 
12 248.07 162.19 
13 253.53 170.56 
14 255.59 175.00 

Circle Center At X = 193.0 ; y = 203.8 and Radius, 68.9 

*** 1.466 *** 

Failure Surface Specified By 15 Coordinate Points 

Point X-Surf Y-Surf 
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APPENDIXB 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
ACCELERATED ACTION DESIGN FOR THE ORIGINAL LANDFILL 1 

I 

1.0 INTRODUCTION 

LANDFILL ENGINEERING- FINAL DESIGN 
SETTLEMENT ANALYSIS 

I 

The purpose of this calculation is to estimate the amount of foundation layer, waste layer and cover settlement and 
what impact the potential settlement would have on the cover system performance. 

2.0 LANDFILL DESCRIPTION AND LOCATION 

The Original Landfill site is located south of Rocky Flats Environmental Technology Site (RFETS) Buildings 440 
and 460, along the north hillside of a ravine in the Woman Creek drainage area, extending from approximate 
elevation 6,040 feet at the top to elevation 5,950 feet at its base. Waste operations began in the early 1950s and 
continued through 1968. The Original Landfill site footprint has a maximum length along the east-west direction of 
approximately 1,700 feet and approximately 500 feet in the north-south direction, with an approximate area on the 
order of 20 acres. Existing slope gradients range from approximately flatter than 6 to 1 (horizontal to vertical) to 2 
to 1, with a total slope height from the top of the hillside to the Woman Creek drainage of about 90 feet. 

As part of the accelerated action at the Original Landfill, the existing slopes will be regraded to overall 18 percent 
slope with a 2=.foot soil cover and drainage improvements. In addition, a buttress at the toe of the landfill will be 
installed for stability enhancement. 

Several geotechnical investigations have taken place at the Original Landfill. These settlement calculations use 
cross-sections A-A', B-B', and C-C' developed by Metcalf & Eddy during a 1995 evaluation and further evaluated in 
2004 by Earth Tech. 

3.0 REFERENCES 

1. RFETS Geotechnical Investigation Report for OU5. Metcalf & Eddy, September, 1995. 

2. Chapter 6 - Engineering Properties of Municipal Solid Waste and Chapter 12 - Landfill Settlement, 
"Geotechnical Aspects of Landfill Design and Construction," Xuede Qian, Robert M. Koerner, and Donald 
H. Gray; Prentice Hall, New Jersey, 2002. 

3. Accelerated Action Design for the Original Landfill Geotechnical Investigation Phase 3 Stability Analysis 
Technical Support Memorandum, Earth Tech, November, 2004a. 

L·\worN73781WorlN'roducNJU\Final D.sign\AppendiuMppendix 8- Settlemen/IFinal- Appendix B.doc 
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4. Appendix B- Settlement Analyses, "Waste Containment Systems, Waste Stabilization, and Landfills: Design 
and Evaluation,~· Hari D. Sharma and Sangeeta P. Lewis; John Wiley & Sons, Inc., New York, NY, 1994. 

5. Accelerated Action Design for the Present Landfill RFETS, 95% Design- Revision 1 Submittal -Volume II 

1 
. ofll. Earth Tech, August, 2004b. 

4.0 DESIGN CRITERIA 

These calculations were completed to evaluate the settlement of the proposed cover of the Original Landfill due to 
potential settlement of the landfill foundation, landfill waste, regrade material, and cover material. The settlement 
analysis will meet the following design criteria: 

1. Total differential settlement cannot have a negative impact on the slope of the landfill causing depressions 
where surface water may collect. 

2. Total differential settlement cannot allow the slopes to increase to the point of causing erosional problems. 

5.0 CALCULATIONS 

5.1 LANDFILL FOUNDATION SETTLEMENT ANALYSIS 

A foundation analysis is conducted to determine if the claystones that exist in the foundation of the landfill could 
contribute to the overall settlement of the cover system. The analysis determines if the compressive strength of the 
claystones (severely weathered, moderately weathered, and unweathered) is greater than the force applied by the 
materials placed above. To conduct the analysis, The following assumptions were used: 

• From Original Landfill borehole logs (Earth Tech 2004a), the compressive strength as determined by a pocket 
penetrometer for the severely weathered claystone ranges from 1.6 to 3.3 tons/square foot (ft2

). The 
compressive strength for the moderately weathered claystone ranges from 3.0 to greater than 5 tons/ft2

• 

Assume that the strength of the unweathered claystone is greater than the moderately weathered claystone. 

• Rocky Flats Alluvium (RFA) will be used as the 2-foot cover and the regrade material. Assume maximum 
compaction, which will result .in higher densities and greater forces. From RFA samples during Present 
Landfill cover construction (Earth Tech 2004b), the greatest unit weight at optimum moisture is 142.3 pounds 
per cubic foot (lb/ft3

). 

• For Buttress Fill Material, Centennial or LaFarge Quarry "pit-fines" will be used. The greatest unit weight at 
optimum moisture is 138.0 lb/fe (see PF-7 in Appendix G). 

• For the waste, colluvium/slide, valley fill alluvium, and weathered claystone unit weights, use those found in 
Original Landfill Phase III Investigation (Earth Tech 2004a) of 125 lb/ft3 for waste, colluvium/slide, and 
weathered claystone and 130 lb/fe for valley fill alluvium. 
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The forces on the weathered claystone were calculated for the four points along section B-B' (Points A, B, C, D), 
shown in Attachment 1. These points were chosen because Point A has the thickest section of regrade material 
added, which contributes to the forces causing settlement; Point B has the thickest amount of waste of the cross
sections; Point C has thick sections of both colluvium and weathered claystone; and Point D repr'~sents a point on 
the buttress over the valley fill alluvium. In addition, settlement was calculated at points latedl to section B-B' 
located on section A-A' (Point E) and C-C' (Point F). I 

Table B-1 
Original Landfill - Anticipated Consolidation Pressures on Foundation Soils 

Final Thickness (ft) Load on 

Point 
Landfill Weathered 

Elevation Cover Regrade Buttress Waste Colluvium/Slide 
Valley Fill Weathered Bedrock 

(ft) Alluvium Claystone (lbs/ftz) 

A 6025 2 20 0 10 5 0 8 6005.6 

B 6010 2 10 0 20 10 0 0 5457.7 

c 5990 2 0 0 13 3 0 .8 3284.8 

D 5972 2 0 25 0 0 12 10 6544.8 

E 6010 2 10 0 5 8 0 2 3582.6 

F 5990 2 5 0 0 20 0 10 4746.1 

The peak pressure acting upon the claystone bedrock foundation occurs at Point D and is estimated to be 
6,544.8lbs/ft2 (approximately 3.3 tons/fe). As stated in section 5.1, the field compressive strength of the severely 
weathered claystone is 1.6 to 3.3 tons/ft2

• Therefore, some settlement of this material can be expected to occur 
due to the additional weight of the material placed above. The compressive strength of the moderately weathered 
claystone ranged from 3.0 to greater than 5 tons/ft2

, so settlement of this material may occur. For the purposes of 
this calculation, settlement in the moderately weathered claystone will be calculated. 

Potential settlement rates within the waste and cover system are determined in the following sections. 

5.2 LANDFILL WASTE SETTLEMENT 

Primary settlement of the waste layer can be assumed to have already occurred during the approximate 30-year 
waste placement process, and the landfill has been closed for more than 10 years (Qian, Koerner and Gray 2002). 

Continued settlement of the waste layer may occur through the placement of the regrade material and cover system 
and long-term secondary settlement (i.e., total settlement 30 years after closure). The determination of the amount of 
waste settlement due to the placement of the regrade material and cover is presented in the following procedures 
using the Sowers Method (Sharma and Lewis 1994): 
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Where: 

\• .Mlp =Primary settlement of waste 

• H = Initial waste thickness 

• Cc = Primary Compression Index 

Au - H Cc I Pa+M> 
L.U..ap- -- og ---

l+eo Po 

App By: =R:.:..T __ _ 

SheetB4 

Date: 5/11105 

Date: 4/11/05 

o The primary compression index used is that for solid waste though the waste fill material seen at the 
Original Landfill is mixed with fill material and a high unit weight of waste of 125 lbs/fe is used. This 
is a conservative approach that will result in more calculated settlement than using a typical waste unit 
weight like 75 lbstfe. 

o Cc is derived from Figure 6.10 in Reference 2. To use the chart, initial void ratio (e0 ) ratio is needed. 

o e0 of 1.08 is found on Table 6.5 of Reference 2. 

o Using Figure 6.10 of Reference 2 with an initial void ratio of 1.08, the Cc is determined to be 0.3 for 
solid waste at a mid-level organic content. 

• e0 =waste estimated void ratio= 1.08 (as discussed above) 

• Po =Effective stress at the center of the waste layer (Point A) 

o Po= (thickness of waste/2)(125 lbs/fe) = 625lb/ft2 

• M' = Change in overburden pressure due to cover system at the midlevel of the waste (Point A) 

o M> = (2.0)(142.3lbtfe) + (20 ft)(142.3lbs/ft3
) = 3130.6lb/ft2 

Using the figure in Attachment 1, the waste layer settlement can be estimated at the locations (Points A 
through D) shown on the landfill cross-section: 
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Table B-2 
Original Landr.ll - Primary Settlement Estimation of Waste La er 

I 

Thickness of Waste Po 
I L\llp 

Point Location M» PrinuJry Settlement (feet) (lbs/ft2
) (lbs/ft2

) 1 (feet) 

Point A 10 625 3130.6 1.12 

Point B 20 1250 1707.6 1.08 

Pointe 13 812.5 284.7 0.24 

Point D 0 0 0 0 

PointE 5 312.5 284.6 0.20 

Point F 0 0 0 0 

Long-term secondary settlement is given Sowers Method (Equation B.8 Attachment 5): 

Where: 

• Lllfs = Secondary settlement of waste 

• Cs = Secondary compression index 
o Cs is determined from Figure 6.11 of Reference 2. 
o Cs = 0.03(e0 ) = 0.03(1.08) = 0.032 

• e0 =waste estimated void ratio= 1.08 (as discussed in primary settlement calculation) 

• fL, = Initial thickness of waste layer after primary settlement 

• t1 =Starting time of secondary settlement (assumed to equal the completion of cover construction, i.e., year 1) 

• tz = Ending time of secondary settlement = 30 years 



Slice 
No. 

Each Surface Terminates Betweea 
and 

X.= 215.00 (ft,m~ 
X = 450.00 (ft,m) 

Unless Further Limitatioas Were Imp6sed, The Minimum Elevation 
At Which A Surface Extends Is Y =112 .. 00 (ft,m} 

10.00 (ft,m) Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. They Are Ordered - Most .Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 

Failure Surface Specified By 12 Coordinate Points 

Point x-surf Y-Surf 
No. (ft, m) ( ft, m) 

1 133.33. 130.00 
2 141.76 124.61 
3 150.99 120.77 
4 160.75 118.59 
5 170.74 118.15 
6 180.65 119.46 
7 190.19 122.47 
8 199.05 127.10 
9· 206.97 133.21 

10 213.71 140.60 
11 219.06 149.05 
12 219·. 45 150 .. 00 

Circle Center At X = 168.2 ; y = 175.1 and Radius, 57.1 

*** 1.445 *** 

Individual data on the 

Water Water 
Force Force 

Width Weight Top Bot 
(ft,m) (lbs,kg} (lbs,N) (lbs,N) 

16 slices 

Tie 
Force 
Norm· 

( lbs, N} 

Tie 
Force 

Tan 
(lbs,N} 

Earthquake 
Force Surcharge 

Hor · Ver Load 
(lbs,N) (lbs,~} (lbs,N) 
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Table B-4 
Original Landfill - Settlement Estimation of Cover Components 

Layer 

Cover 

Regrade 

Buttress 

Colluvium 

Valley Fill 
Alluvium 

Weathered 
Claystone 

Point Location 

Point A 
PointB 
Pointe 
PointD 
PointE 
PointF 
Point A 
Point B 
Point C 
Point D 
PointE 
PointF 
Point A 
PointB 
Pointe 
Point D 
PointE 
PointF 
Point A 
PointB 
Pointe 
PointD 
PointE 
Point F 
Point A 
Point B 
Point C 
Point D 
PointE 
PointF 
Point A 
PointB 
Point C 
Point D 
PointE 
PointF 

Thickness 
(ft) 

2 
2 
2 
2 
2 
2 
20 
10 
0 
0 
10 
5 
0 
0 
0 
25 
0 
0 
5 
10 
3 
0 
8 

20 
0 
0 
0 
12 
0 
0 
8 
0 
8 
10 
2 
10 

142.3 
142.3 
142.3 
142.3 
142.3 
142.3 
1423 
711.5 

0 
0 

711.5 
355.8 

0 
0 
0 

1725.0 
0 
0 

312.5 
625.0 
187.5 

0 
500.0 
1250.0 

0 
0 
0 

780.0 
0 
0 

500.0 
0 

500.0 
625 

125.0 
625.0 

Notes: Cc =0.130 from sample PF-8 and e0 = 0.386 from sample PF-7. 

142.3 
142.3 
142.3 
142.3 
142.3 
142.3 
284.6 
284.6 

0 
0 

284.6 
284.6 

0 
0 
0 

284.6 
0 
0 

4380.6 
4207.6 
1909.7 

0 
2332.6 
996.1 

0 
0 
0 

3734.8 
0 
0 

5005.6 
5457.6 
2284.7 
5924.8 
3332.6 
3496.1 

dP values for colluvium, valley fill alluvium, and weathered claystone include force of waste. 

I 
I Mip 

Pri~~ Settlement 
· • (feet) 

0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.15 
0.14 

0 
0 

0.14 
0.12 

0 
0 
0 

0.16 
0 
0 

0.55 
0.83 
0.30 

0 
0.57 
0.48 

0 
0 
0 

0.86 
0 
0 

0.78 
0 

0.56 
0.92 
0.27 
0.77 



8 2 Q.(). 2"5- 129-. ~0 
9 208.52 135.51 

10. 215.87 142'.30 
11 222.04 150.00 

Circle Center At X = 166.9 ; y = 188.0 and Radius, 

*** 1.461 *** 

Failure Surface Specified By 12 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft, m) (ft, m) 

1 133.33 130.00 
2 141. S.1 124.24 
3 150.58 120.04 
4 160.27 117.55 
5 170.24 116.83 
·6 180.18 117.~3 

7 189.76 120.79 
8 198.67 125.33 
9 206.62' 131.40 

10 213 .35 138.79 
11 218.64 147.28 
12 219.71 150.00 

Circle Center At X = 169'.1 ; y = 171.9 and Radius, 

*** 1.462 *** 

Failure Surface Specified By 12 Coordinate.Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

X-Surf 
(ft, m) 

133.33 
141.55 
150.64 
160.31 
170.28 
180.23 
18~.88 
198.93 
207.10 
214.14 
219.85 

Y-Surf 
( ft, m) 

130.00 
124.31 
120.12 
117.58 
116.76 
117.67 
120.30 
124.56 
130.33 
137.42 
145.63 

67.0 

55.1 
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In summary, the calculated settlement after construction of the Original Landfill is acceptable. Differential 
settlement is not expected to be problematic using this calculation but will be monitored during the monitoring and· 
maintenance period not discussed in this design. 

L:\work\57378\Work\Product\Ol.F\Final Design\Appeooices\Appendix B • Settlement\Final- Appeooix B.doc 
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
ACCELERATED ACTION DESIGN FOR THE ORIGINAL LANDFILL . 

LANDFILL ENGINEERING- FINAL DESIGN 
SETTLEMENT ANALYSIS 

MAY 11,2005 

Prepared by: 

Earth Tech, Inc. 
5575 DTC Parkway, Suite 200 
Englewood, Colorado 80111 

(303) 694-6660 

I 
I 

I 

This calculation was performed by Earth Tech, Inc. Although each sheet comprising this calculation may or 
may not be initialed, it has nonetheless been reviewed and checked. 

Prepared By: RA Date: 4/11105 

Checked By: RT Date: 4/11105 

Approved By: RT Date: 4/11105 
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Table B-3 

Original Landfill- Long-Term Settlement Estimation of Waste Layer 

Do .eo dRs 

Point Location 
H- Primary 

Cs Estimated Void Ratio tz/tt Long-Term 
Settlement of Waste Layer 

(years) Settlement 
(feet) (feet) 

Point A 8.88 0.032 1.08 30 0.20 

Point B 18.93 0.032 1.08 30 0.43 

Point C 12.76 0.032 1.08 30 0.29 

Point D 0 0.032 1.08 30 0.00 

PointE 4.80 0.032 1.08 30 0.11 

PointF 0 0.032 1.08 30 0.00 

The maximum total settlement of 1.51 feet of the waste layer occurs at Point B, where the waste is the deepest. 

5.3 COVER SETTLEMENT 

The settlement of the remaining layers, including the 2-foot cover, the regrade material, the buttress fill matenal, 
the colluvium material, the valley fill alluvium, and the weathered claystone, is calculated with equation B.2 of · 
Reference 4. The equation is identical to that of the primary waste settlement only for cohesive soils; the equation 
calculates the total settlement (both primary and secondary). Compression index and initial void ratio data were 
taken from Centennial "pit-fine" consolidation tests (see Appendix G). "Pit-fines" are the portion of the RFA 
where 100% passes the 0.50-0.75-inch sieve. Settlement or consolidation of this size particle is assumed to occur 
and not on the larger portions of the RFA. For the buttress fill, "pit-fines" from the LaFarge Pit are proposed, 
which are screened identically to the fines from Centennial Pit. To calculate the maximum possible settlement, 
the highest compression index and lowest initial void ratios of the 10 tests taken are used. The values are used for 
all layers. 
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5.4 SETTLEMENT SUMMARY 

A summary of the potential settlement of the Original Landfill waste, cover, and the subsequent decrease in top of 
landfill slope is provided in Table B-5. 

Table B-5 
Original Landfill- Total Settlement Summary 

Design .Final Revised Top Revised Total Distance Grade Design Slope 
Point Calculated Between Elevations at Between of Landfill Slope 

Location Settlement Points Point Point 
Slope@ 30 Between 

(feet) (feet) Locations Locations Years Point 

(feet) (feet) Locations 

Point A 2.86 6025 6022.14 
85 18% 17.3% 

PointB 2.54 6010 6007.46 
155 13% 12.2% 

Point C 1.45 5990 5988.55 
130 14% 14.3% 

Point D 1.99 5972 5970.01 
Point A 2.86 6025 6022.14 

310 5% 4.4% 
PointE 1.34 6010 6008.66 
Point A 2.86 6025 6022.14 

370 9.5% 9.1% 
PointF 1.42 5990 5988.58 

Based on this analysis, the maximum settlement due to placement of the cover and 30-year post-closure period is 
approximately 2.86 feet at Point A. This results in minor slope changes along section B-B' and laterally from Point 

· A to Points E and F. The slope changes are not problematic and do not result in drainage problems. 

However, differential settlement could affect erosion of the cover. If it is assumed that there is no settlement at Point 
A and the maximum settlement is at Point B of 2.54 feet, the resulting slope is 20.6%. Placing this slope into the 
RUSLE software discussed in Appendix C, the resulting rain erosion (assuming Rocky Flats Alluvium in a mature 
state) is 1.6 tons/acre/year or below RCRA/CERCLA guidance (wind erosion is 0.0 tons/acre/year). If it is assumed 
that Point A settles and lateral points E and F do not settle, the slopes are reduced to 3.9% and 8.7%, respectively, 
which is not enough to encourage ponding. 

To further evaluate differential settlement, the point with the largest amount of settlement, Point A at 2.86 feet, was 
used to regenerate a contour map of the area, assuming the settlement radiates 50 feet from Point A. Attachment 2 · 
shows the resulting grade in the area. The slopes change from 18% to a maximum of 26.0% and a minimum of 
9.1% and will still promote drainage. The flow length at 26% is 30 feet, which results in minimal erosion of 0.25 
ton/acre/year using the RUSLE similar to the conditions discussed above. 
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RAINFALL SOIL EROSION AND WIND EROSION LOSS CALCULATIONS 

\ 1.0 INTRODUCTION 

The purpose of this calculation is to determine the erosion following seeding, the erosion after the vegetation has 
been established, and the long term erosion if vegetation does not establish on the final cover slopes at the 
Original Landfill located on the Rocky Flats Environmental and Technology Site (RFETS). 

2.0 LANDFILL DESCRIPTION AND LOCATION 

The Original Landfill site is located south of RFETS Buildings 440 and 460, along the north hillside of a ravine in 
the Woman Creek drainage area, extending from approximate Elevation 6,040 feet at the top to Elevation 5,950 feet 
at its base. Waste operations began in the early 1950s and continued through 1968. The Original Landfill site 
footprint has a maximum length along the east-west direction of approximately 1,700 feet, and approximately 
500 feet in the north-south direction, with an approximate area on the order of 20 acres. Existing slope gradients 
range from approximately flatter than 6 to 1 (horizontal to vertical) to 2 to 1, with a total slope height from the top of 
the hillside to the Woman Creek drainage of about 90 feet. 

As part of the accelerated action at the Original Landfill, the existing slopes will be regraded to overall 18 percent 
slope with 2-foot soil cover and drainage improvements. In addition, a buttress fill at the toe of the landfill will be 
installed for stability enhancements. 

3.0 REFERENCES 

Potential erosion for the Original Landfill was evaluated using guidelines provided in the following documents: 

1. ''Technical Guidance For RCRA/CERCLA Final Covers." U.S. EPA, Office of Solid Waste and 
Emergency Response, April 2002. 

2. "Regulations Pertaining to Solid Waste Disposal Sites and Facilities" (Regulations). 6 Colorado Code of 
Regulations (CCR) 1007-2, Colorado Department of Public Health and Environment. 

3. "Guidelines for the Use of the Revised Universal Soil Loss Equation (RUSLE)." Version 1.06. Terrance 
J. Toy and George R. Foster, August 1998. 

4. "National Agronomy Manual." United States Department of Agriculture (USDA), October 2002. 

5. Soil Survey of Golden Area, Colorado. USDA, 1980. 
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The attached calculations were used to evaluate the potential for rainfall and wind erosion at the Original Landfill 
and to determine whether additional erosion control measures are required. Evaluation of poteptial rainfall and 
wind erosion of the Original Landfill was based on the following design criteria: I 

I 
1. The Original Landfill consists of an 18% slope and a maximum drainage distance of approximately 

150 feet using diversion berms. The diversion berm spacing was determined in Appendix D to minimize 
diversion berm watershed areas to allow the use of check dams to control sediment. 

2. The buttress fill consist of a 3H: 1 V (33%) sideslopes and a maximum drainage distance of 30 feet using 
diversion berms. Erosion from channel sideslopes will be less than buttress fill sideslopes due to smaller 
flow lengths and the use of Rocky Flats Alluvium (RFA) which has a greater percentage of rocks. 
Therefore, any calculation done for the buttress sideslope can be assumed to be the same as the channel 
sideslopes. 

3. As guidance only, the design erosion rate shall not exceed 2.0 tons/acre/year per Section 2.2.5.3 of the 
Technical Guidance for RCRA/CERCLA Final Covers (EPA 2002). 

4. A.) The annual production of native grasses at RFETS is 1.26 grams per square meter (g/m2
) or 

1,128 lbs/acre, based on data provided by Jody Nelson, Senior Ecologist at RFETS. The number was 
derived from a 1993/1994 study when the annual rainfall was 12.0-12.5 inches or below the average of 
15 inches. 

B.) Erosion calculations will be performed on the cover soils without vegetation to understand the 
significance or lack of significance of vegetation on the long term integrity of the soil cover. 

5.0 CALCULATIONS 

5.1 RAINFALL EROSION CALCULATION METHODOLOGY 

The soil erosion rate due to rainfall was calculated using the Revised Universal Soil Loss Equation (RUSLE). The 
RUSLE predicts the average soil losses in runoff from a given site based on specific physical and management 
erosion variables. The soil loss equation is as follows: 

A=RxKxLSxCxP 
Where: 

• A is the computed soil loss per unit area in tons per acre per year 

• R is the rainfall and runoff factor which varies with location and climate 

• K is the soil erodibility factor 
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• LS is the topographic factor (slope-length factor/slope steepness factor) that accounts for the site slope 
gradient and length of slope 

• Cis the cover and management factor that accounts for the ground cover (grass, weeds, etc.) 

\ • P is the support practice factor that accounts for contouring, terracing, or other runoff control devices 

The USDA has developed a program that computes rainfall soil erosion using data for different sections of the 
country. This data is contained in databases that have been incorporated into the RUSLE program. Input values 
for the RUSLE software program are based on site-specific information and a database of information that is part 
of the RUSLE program. Version 2 of the RUSLE program was downloaded from 
http://bioengrgr.ag.utk.edu/rusle2/ for use in these calculations. Use of this software is suggested by the 
Technical Guidance for RCRA/CERCLA Final Covers (EPA 2002). 

5.1.1 RAINFALL EROSION CALCULATIONS 

All RUSLE factors are determined by the software or entered manually and the tons/acre/year of rainfall erosion 
is then computed. The factors used are as follows: 

R Determination 

The rainfall and runoff factor is the average annual total of the storm energy and intensity values in a given 
location. The R factor for the Denver, Colorado area is 40. ·· 

R=40 

K Determination 

Sieve analysis results from the Centennial Quarry (potential borrow area) of RFA with rock fragments removed 
shows, according to the USDA system (USCS sieve data and USDA textural triangle found in Attachment 5 -
APR-1 used due to a greater percentage of fines), a classification of sandy loam. For this analysis, a classification 
of sandy loam with 30% rock fraction is used as a conservative approach resulting in an erodibility factor of 
0.283. However, the sieve analyses show that the fraction of rock larger than l-inch in the RFA is greater than 
40%. 

KRFA = 0.283 

Alternatively, the K factor for RFA to determine the long-term erodibility can be determined from the Soil Survey. 
of Golden Area, Colorado (USDA 1980). As shown on the map from the Soil Survey (Attachment 3), the RFA 
falls under the number 45 soil type. Table 15 (Attachment 3) of the Soil Survey shows a K factor of 0.05 for the 
undisturbed or natural state of the top 13 inches of type 45 soils. This K factor is used to determine the long term 
rain erosion if the planted vegetation does not fully establish and the soil has returned to a natural state with 
higher percentages of rock exposed. 
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The design proposes the use of a clayey sand for construction of the buttress fill. The material will be brought 
from the same local borrow sources as those used for construction of the Present Landfill. Twp samples of the 
material are shown in Attachment 5. These are also converted to USDA classification and tample CUP-3 is 
selected for the erosion calculation due to its larger percentage of fines. . · 

KsuTTREss = 0.225 

LS Determination 

The LS factor is a combination of the slope length factor and the slope steepness factor. The software uses the 
input slope length and input slope steepness or grade to calculate the LS. In addition; the software accounts for 
the changes in the length factor based on erosional rill or small erosional channel· development. For this reason, 
the LS factors vary for each condition, i.e. bare, mulch, or grass. The mulch condition begins with higher ridges 
on the surface, which increases the size of the erosion rills, and therefore increases the LS factor to greater than 
that of the bare condition. The soil erodibility factor, K, has no affect on the LS determination resulting in 
identical LS factors for bare with K equal to 0.283 and bare with K equal to 0.05. The cover slope is a maximum 
of 150 feet with an 18% assuming diversion berms are placed every 150 feet. The buttress fill sideslope is 30 feet 
with a 33% slope. The LS is then computed. 

LScover- bare= 3.44 
LScover- mulch = 3.55 
LScover- grass= 3.25 

C Determination 

LSbuttress -bare = 3 · 00 
LSbuttress -mulch = 2. 90 
LSbuttress- grass= 3.22 

To calculate the cover management factor, the software requires input of the management of the soil. The cover 
will be bladed, seeded, and mulched. Once the vegetation is established, the management factor is based on 
"dense grass" or the grass condition typical at Rocky Flats as described the Section 4.0, number 4. The soil 
erodibility factor, K, has no affect on the C determination resulting in identical C factors for bare with K equal to 
0.283 and bare with K equal to 0.05. 

Ccover- bare = 0.191 
Ccover-mulch = 0.086 
Ccover- grass= 0.051 

P Determination 

Cbuttress- bare = 0.432 
Cbuttress- mulch= 0.084 
Cbuttress - grass = 0. 051 

The support practice factor accounts for any runoff control devices such as contours or terraces (diversion berms). 
P is also affected by ridges caused by depositing sediment on the slope when runoff is occurring. The soil 
erodibility factor, K, has no affect on the P determination resulting in identical P factors for bare with K equal to 
0.283 and bare with K equal to 0.05. These ridges are only a small factor and therefore the numbers are close to 
1.00 and have little affect on the calculation. 
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Pcover"bare = 0.985 
· P cover - mulch = 1.02 

Pcover-grass = 0.9S5 

\A Determination 

Pbutuess. bare = 1.00 
Pbuttress- mulch= 1.00 
Pbuttress. grass = 1.00 

The factors are then used to obtain the soil loss in tons/acre/year. RUSLE software input and output can be found 
in Attachment 1. The "dense grass" condition represents 1,120 lbs/acre of native grass (see Section 4.0). The K 
factors were varied to represent erosion using the RUSLE software and the SCS numbers. RUSLE software 
output is as follows: · 

Table C·l 
Original Landfill · Rain Erosion 

COVER SLOPE COVER SLOPE BUTTRESS 
CONDITION RF A (K=0.283) RF A (K=O.OS) SIDESLOPE 

(K=0.225) 
Bare 
Disturbed soil immediately after 

7.5 tons/acre/year 1.3 tons/acre/year 12 tons/acre/year 
construction with no erosion 
control 
Seed/Mulch 
Disturbed soil immediately after 

3.6 tons/acre/year NA 2.2 tons/acre/year 
construction with seed and 
mulch 
Temporary Erosion Control 
Disturbed soil immediately after 

0.53 tons/acre/year NA 0.72 tons/acre/year 
construction with seed, mulch 
and temporary erosion mat 

Established Vegetation 1.9 tons/acre/year 0.34 ton/acre/year 1.5 tons/acre/year 

As evident in the RUSLE output, using a K of 0.283 for the cover slope results in rain erosion above or near the 
guidance criteria with bare conditions and following seed/mulch. Because the see/mulch condition is above the 
guidance, temporary erosion control must be used following seeding. Mulch application is not required since 
erosion mat will be used though it may be mulched during the project. Once vegetation is established the rain 
erosion will decrease from 1.9 tons/acre/year to 0.34 tons/acre/year after RFA reaches a mature state. If 
vegetation does notestablish, the erosion rate will decrease to 1.3 tons/acre/year. 

With the used of the diversion berms, the buttress sideslope rain erosion is below the guidance under grass 
conditions. Prior to grass establishment erosion mat will be used to minimize erosion. Since the erosion mat will 
be used, mulch is not necessary though it may be used. NAG C125 or equivalent erosion mat will be placed on 
the buttress and though not required as determined in Appendix E, NAG C350 or equivalent will be placed 10-
feet up the bottom slope as an enhancement to erosion control due to Woman Creek flow. 
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5.2 WIND EROSION LOSS CALCULATION METHODOLOGY 

Wind erosion on the Original Landfill was determined with the Wind Erosion Equation (\)VEQ) using the 
methodology provided in the National Agronomy Manual (NAM) (USDA 2002) (Attachment 2)./ 

I 
5.2.1 WEQ CALCULATIONS 

The following determination of wind erosion uses the WEQ found in the NAM (Attachment 2). The WEQ is not 
a straight-line mathematical relationship but is a function of several factors. The WEQ is as follows: 

E=f(IKCLV) 

Where: 

• E =estimated average annual soil loss due to wind (tons/acre/year) 
• f =function of (not a straight-line mathematical relationship) 
• I = soil erodibility index 
• K = soil surface roughness factor 
• C = climatic factor 
• L = the unsheltered distance 
• V = the vegetative cover factor 

I Determination 

The Soil Survey of Golden Area, Colorado (USDA 1980) was used to help determine the soil erodibility index or I 
factor. As shown on the map from the Soil Survey (Attachment 3), RFA falls under the number 45 soil type. Table 
15 (Attachment 3) of the Soil Survey shows a wind erodibility group (WEG) of 8 for the type 45 soil. 

The I factor is then determined using Exhibit 502-2 of the NAM (Attachment 2). As shown on Exhibit 502-2, 
WEG 8 is not susceptible to wind erosion. However, it is assumed that wind erosion of disturbed soil immediately 
after construction will occur at the OLF so a different WEG is selected. Sieve analysis results from Centennial 
Quarry RFA with rock fragments removed (Attachment 5) shows, according to the USDA system, a sandy loam 
falls under WEG 3 which has a soil erodibility index of 86 tons/acre/year. 

IwEG3 = 86 

WEG 8 is used to determine the long term wind erosion if the planted vegetation does not fully establish and the soil 
has returned to a natural state with higher percentages of rock exposed. 

IwEGs = 0 

Buttress fill material falls under the sandy clay loam classification and is therefore WEG 5. 
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· The soil roughness factor (K) considers both ridge roughness {Kro) and random roughness (Krr) values. Values 

\
closer to 1.0 for both the Kro and the Krr equate to shorter ridge heights and less wind dissipation by random 
. roughness. Shorter ridge heights and less random roughness lead to greater soil wind erosion because ridges absorb 
and deflect wind energy and trap moving particles (NAM Section 502.32). Figure 502-4 (page 502-10 of the NAM) 
shows that at a 0 inch ridge height, Kn1 is equal to 1.00. Exhibit 502-6 (Table 502-6) shows that at a short random 
roughness of 0.2 the Krr is 1.00. The K factor is obtained by multiplying Kro by Krr. 

K = (Kn~)(Krr) 
K = (1.00)(1.00) = 1.00 

K = 1.00 (conservative approach) 

C Determination 

The climatic factor (C) is an index of the factor accounting for wind speed and surface soil moisture of a given 
region (NAM Section 502.33). As outlined in Section 502.33 of the NAM, the C factor is determined by use of 
isoline maps found at the NRCS/USDA website. The figure at the end of Attachment 2 shows the isoline map for 
the Rocky Flats area. 

C=30 

L Determination 

The L factor is the unsheltered distance along the prevailing wind erosion direction. Wind-rose diagrams for Rocky 
Flats found in Attachment 5 show a prevailing wind of W-NW. As shown in Attachment 4, the longest distance on 
the OLF from the W-NW is 1070 feet. 

L = 1070feet 

V Determination 

The vegetative cover factor (V) is the equivalent in pounds per acre of small-grain residue provided by the cover 
crop. Using the tables in Exhibit 502-10, Figure a-1 for mulch (flat winter wheat residue) and Figure d-8 for 
ungrazed mixtures of grass, the V factor is determined. For bare conditions, the V factor is assumed to be 0. For 
mulch or flat winter wheat residue, the V factor is determined by assuming 3,000 lbs/acre of mulch or small grain 
residue will be applied (4,000 lbslacre will actually be placed). This 3,000 lbs/acre of small grain residue results in 
an equivalent flat small grain residue (V factor) of 3,700 lbs/acre. For the native grasses, 1,128-lbs/acre yield 
(rounded down to 1,100 lbslacre) discussed in Section 4.0 is used which results in an equivalent flat small grain 
residue (V factor) of 2,600 lbs/acre. 
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V Bare = 0 lbs/acre 
V Mulch = 3,700 lbs/acre 
V Grass= 2,600 lbs/acre 

E Detennination 

As discussed in Section 502.30 of the NAM, the soil loss due to wind erosion, or E factor, is determined using E 
tables found on the Kansas State University website. 

The table matching the factors determined for the OLF (1=86, K=l.OO, C=30, L=1070, and V=O, 2,600, and 3,700) is 
shown at the end of Attachment 2 (Subpart G- Exhibits). The tables.do not include V factors above 1,500 lbs/acre 
because the wind erosion with these factors is negligible. Therefore, a V factor of 1,500 lbs/acre is assumed for both 
mulch and established grass on the cover slope. For the buttress sideslope (1=56, K=l.OO; C=30, L=1070, and V=O, 
2,600, and 3,700) a V factor of 1,250 lbs/acre is assumed for both mulch and established grass. For both the cover 
slope and the buttress, it is assumed that wind erosion with erosion mat is the same as that of mulch. Using these 
factors the wind erosion is as follows: 

Table C-2 
Original Landfill - Wind Erosion 

COVER SLOPE COVER SLOPE BUTTRESS 
CONDITION 

RFA(WEG=3) RFA(WEG=8) SIDESLOPE 
(WEG=S) 

Bare 
Disturbed soil immediately after 

21.6 tons/acre/year 0.0 tons/acre/year 11.8 tons/acre/year construction with no erosion 
control 

Seed/Mulch 
Disturbed soil immediately after 

0.60 tons/acre/year NA 0.40 tons/acre/year 
construction with seed and 
mulch 
Temporary Erosion Control 
Disturbed soil immediately after 

0.60 tons/acre/year NA 0.40 tons/acre/year 
construction with seed, mulch 
and temporary erosion mat 

Established Vegetation 0.60 tons/acre/year 0.0 tons/acre/year 0.40 tons/acre/year 
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6.0 CONCLUSIONS 

The table below presents the results of both the rain and wind erosion calculations: 

Table C-3 
Ori~dnal Landfill - Total Erosion 

CONDITION 

Bare 
Disturbed soil immediately after 
construction with no erosion 
control 

Seed/Mulch 
Disturbed soil immediately after 
construction with seed and 
mulch 
Temporary Erosion Control 
Disturbed soil immediately after 
construction with seed, mulch 
and temporary erosion mat 
Established Vegetation 

Cover Slope 

COVERSLOPE COVERSLOPE 
RFA MATURERFA 

( tons/acrel_year) 

Rain: 7.50 
Wind: 21.6 
Total: 29.1 

Rain: 3.60 
Wind: 0.60 
Total: 4.20 

Rain: 0.53 
Wind: 0.60 
Total: 1.13 

Rain: 1.90 
Wind: 0.60 
Total: 2.50 

(tons/acre/year) 

Rain: 1.30 
Wind: 0.00 
Total: 1.30 

NA 

NA 

Rain: 0.34 
Wind: 0.00 
Total: 0.34 

BUTTRESS 
SIDESLOPE 

(tons/acre/year) 

Rain: 12.0 
Wind: 11.8 
Total: 23.8 

Rain: 2.20 
Wind: 0.40 
Total: 2.60 

Rain: 0.72 
·.Wind: 0.40 
Total: 1.12 

Rain: 1.50 
Wind: 0.40 
Total: 1.90 

On the cover slope, the design of the Original Landfill (including diversion berms) will meet the guidance criteria 
for erosion of 2 tons/ac/yr with Rocky Flats Alluvium in its mature state. The following is recommended until this 
condition is reached: 

• The initial disturbed soil will be seeded and covered with 3-year longevity erosion control mat. 
• As vegetation establishes, the erosion mat degrades, the total erosion is predicted at 1.13 tons/acre/year. 
• As the surface matures, exposing more of the rock fraction of the RF A, the erosion rate is predicted to be 

0.34 tons/ac/year if vegetation is established and 1.30 if not. 
• Should the vegetation not establish or climatic conditions exist to reduce the vegetation, the erosion rate will . 

not increase beyond that of the bare, mature Rocky Flats Alluvium of 1.30 tons/ac/year (below the guidance 
criteria). 

Buttress Fill Sideslopes 
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The buttress fill sideslopes (including diversion berms) will meet guidance criteria when grass has established. 
The following is recommended until this state is reached: 

• The initial disturbed soil will be seeded and temporary erosion mat will be applied to the suf1iace resulting in a 
predicted total erosion rate of 1.12 tons/acre/year. I 

• When vegetation establishes the total erosion is predicted at 1.90 tons/acre/year (below the g6idance criteria). 

Summary 

The erosion calculations demonstrate that when the two feet of RFA on the cover reaches a mature state, 
vegetation is not required to meet the EPA guidance criteria of 2 tons/acre/year and to protect the soil cover. 
However, the design of the soil cover will include seeding, mulching, and erosion mat to develop vegetation as 
discussed in the Original Landfill 1M/IRA. On the buttress sideslopes, guidance criteria is met using diversion . 
berms with grass established and in the interim with temporary erosion mat. 

l-:\wor/(157378\WoriN'rodurNJLNinal Design\App•ndireMppmdix C • Erosion\Final· Apptndix C.doc 
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ATTACHMENT 1 
RUSLE INPUT/OUTPUT 



COVER SLOPE EROSION WITH TEMPORARY EROSION MAT 
.The RUSLE software does not contain erosion mat as an alternative for "Base management". North American 
Green C125 temporary erosion mat has a cover factor (C in the RUSLE) of0.07 (NAG C125 Performance 
Specification for slopes>50 feet). To calculate the soil loss on the cover with Cl25, the "bare" cover erosion is 
multiplied by an additional cover factor of0.07. This simulates the condition following seeding with Cl25 
applied to the soil cover. 

A (bare)= (7.5 ton/ac/yr)(0.07) = 0.53 ton/ac/yr 



BUTTRESS SIDESLOPE PERMANENT EROSION MAT 
Due to addition of the diversion berms, established vegetation is sufficient to minimize erosion. Temporary 
erosion mat will be required until this condition is reached. North American Green C 125 temporary erosion 
mat has a cover factor (C in the RUSLE) of0;07 (NAG Cl25 Performance Specification for 3:1 slopes and 20-
50 foot flow distance). To calculate the soil loss on the cover with C125, the "bare" cover erosion is multiplied 
by an additional cover factor of 0.06. This simulates the condition following seeding with C 125 applied to the 
soil cover. 

A (bare)= (12 ton/ac/yr)(0.06) = 0.72 ton/ac/yr 

L:\work\57378\Work\OLF\Draft Design\Appimdices\Appendix C- Erosion\Revised\Cover Slope Output 5-6.doc 
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I 

The United States Department of Agriculture (USDA) prohibits 
discrimination in all its programs and activities on the basis of race, color, 
national origin, gender, religion, age, disability, political beliefs, sexual 
orientation, and marital or familial status. (Not all prohibited bases apply to 
all programs.) Persons with disabilities who require alternate means for 
communication of program information (Braille, large print, audiotape, 
etc.) should contact the USDA's TARGET Center at (202) 720-2600 (voice 
andTDD). 

To file a complaint of discrimination, write USDA. Director, Office of Civil 
Rights, Room 326W, Whitten Building, 14th and Independence Avenue, SW, 
Washington, DC 20250-9410, or call (202) 720-5964 (voice or TDD). USDA is 
an equal opportunity employer. 
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Part 500 Authorities, Policies, and 
Responsibilities 

·.Subpart 500A Authority· 

500.00 Soil Conservation and Domestic 
Allotment Act of 1935 

The basic legislation for soil and water conservation pro
grams by the Natural Resources Conservation Service 
(NRCS) is the Soil Conservation and Domestic Allotment 
Act, Public Law 74--46 of 1935 (16 U.S. C. 590a-590t). 
This original act recognized that agronomy, the science Of 
field crop production, is essential in fulfilling the agency's 
responsibilities. The Buchanan Amendment to the Agricul
tural Appropriations Bill for FY 1930 (Public Law 70-769) 
Jed to the enactment of Public Law 74-46. In 1933, the Soil 
Erosion Service was established as a temporary agency of 
the Department of the Interior. The agency was transferred 
to USDA in 1935 and named the Soil Conservation Service 
(SCS). In 1994, the Natural Resources Conservation Service 
was established by Public Law 103-354, the Department of 
Agriculture ReorganiZation Act (7 U.S.C. 6962). 

The NRCS combines the authorities of the former Soil Con
servation Service as well as five natural resource conserva
tion cost-share programs previously administered by other 
USDA agencies. The mission of the NRCS is to provide 
leadership in a partnership effort to help people conserve, 
maintain and improve our natural resources and environ
ment. NRCS provides technical assistance through local 
conservation districts on a voluntary basis to land users, 
communities, watershed groups, Federal and State agencies, 
and other cooperators. The agency'swork focuses on ero
sion reduction, water quality improvement, wetland restora
tion and protection, fish and wildlife habitat improvement, 
range management, stream restoration, water management, 
and other natural resource problems. 

500.01 Purpose of the Agronomy Manual 

The National Agronomy Manual (NAM) contains policy for 
agronomy activities and provides technical procedures for 
uniform implementation of agronomy tools and applica
tions. 

190-V-NAM, 3rd Ed., October 2002) 500-1 



PartSOO Authorities, Polic:ies, and 
Responsibilities 

Subpart 500B Agronomic policies 

500.10 Location of policy 

Agronomic policies are contained in specific parts and sub
parts of this National Agronomy Manual as appropriate. 

500.11 Amendments to NAM 

The NAM will be amended as needed, as additional re
search is completed, existing methods or procedures are up
dated, or as new technology is developed and approved for 
use in the NRCS. The national agronomist is responsible for 
updating this manual. 

National 
Agronomy 
Manual 

Subpart 500C Responsibilities of 
agronomists 

500.20 Responsibilities of national, State, 
area, and field agronomists 1 

. I 

The national agronomist, nutrient management, an~ pest 
management specialists at the national level, cooperating 
scientists foragronomy, and agronomists on the institutes 
and center staffs provide staff assistance in all NRCS pro
grams and provide national leadership on NRCS agronomy 
related activities. They are responsible for: 

• assisting upper management in formulating and 
recommending national policies, procedures, and 
standards; 

• technical leadership and guidance; quality 
control; · 

• national coordination of agronomy with other NRCS 
technical fields; and 

• promoting and maintaining relations with groups and 
agencies that have common interest in agronomy. 

State agronomists provide staff assistance to the State Con
servationist for all agronomy and related functions. They 
are responsible for: 

• Assisting in developing State policies, procedures, 
and instructions, and coordinating them with other 
States within the region. 

• Providing technical leadership and guidance to other 
agronomists and appropriate personnel within the 
State. 

• Collaborating with other State staff members to ensure 
interdisciplinary action in all NRCS programs. 

• Training field personnel. 

• Participating in agronomy components of appraisals 
and reviews. 

• Maintaining working relations with research centers 
and 'Other cooperating agencies. 

• Developing and revising of all aspects ofField Office 
Technical Guides related to agronomy. 

• Providing assistance in interdisciplinary technical 
reviews of project plans, environmental impact 
statements, and other technical materials. 

• Coordinating agronomy functions with other States in 
the region and across regional boundaries as appro-· 
priate. 

500-2 (190-V-NAM, 3rd Ed., October 2002) 
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Part500 Authorities, Policies, and 
Responsibilities 

Area or zone agronomists provide staff assistance in all 
NRCS programs. They are responsible for carrying out the 
requirements of conservation agronomy consistent with 
technical proficiency, training, interdisciplinary action, and 
quality control within their administrative area. In some 
cases, these agronomists may carry out some of the respon
sibilities ofthe state agronomists if so delegated. 

Field office agronomists are usually in training positions. 
Training is provided by agronomists at the area or State 
level. 

Agronomists in the above positions may provide specific 
functions through team or ad hoc assignments at a national, 
regional, or State level. 

Each agronomist has the responsibility to develop their 
training needs inventory and to work with their supervisor 
to obtain technical training to improve their overall agro
nomic expertise. 

Standards of performance for agronomists are contained in 
the NRCS Personnel Manual. 

500.30 Technical information-preparing, 
transferring, and training 

Agronomists use technical information that has been devel
oped at centers, institutes, national, or State level and main
tain technical materials for the administrative area they 
serve. State staff agronomists develop and review field of
fice technical guide materials and ensure materials are tech
nically correct, comprehensive, and useful to the end user. 
NRCS policy on preparing and maintaining technical guides 
is in Title 450-GM, Part 40 I. In addition, state agronomists 
are responsible for technical notes and other agronomy 
technical materials that are applicable to the State. 

Agronomists issue technical information at the area, state, 
or national level. This may include original information, re
search notes, papers, or excerpts of such material. Agrono
mists are encouraged to submit articles for publication or 
presentation at professional meetings. Technical informa
tion presented or prepared for publication shall have an ap
propriate technical and or administrative review and include 
crediting of appropriate references. 

National 
Agronomy 
Manual 

Agronomists receive and provide training necessary to 
maintain technical competency at all administrative levels. 
Training includes but is not limited to National Employee 
Development Courses, workshops, conferences, and univer
sity courses. 

500.40 Certification 

Agronomists at all levels of the agency are encouraged to 
obtain professional certification(s). Examples of certifica
tion programs include the Certified Crop Adviser (CCA) 
and Certified Professional Agronomists (CPA g) under 
ARCPACS of the American Society of Agronomy, Certi
fied Professional in Erosion and Sediment Control 
(CPESC) ofthe Soil and Water Conservation Society, and 
state pesticide applicator licenses. Continuing educational 
requirements of most certification programs provide excel
lent opportunities to stay abreast of advances in technology. 

500.50 Affiliation with professional organi
zations 

Agronomists at all levels are encouraged to be active mem
bers of professional scientific societies, such as the Ameri
can Society of Agronomy, Soil Science Society of America, 
Crop Science Society of America, the Soil and Water Con
servation Society. These organizations provide opportuni
ties to interact with researchers at the national and State 
level and to stay current on the latest technology. 

(190-V-NAM, 3rd Ed., October 2002) 50(}-3 
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Part501 Water Erosion 

· Subpart 501A Introduction 

501.00 Overview of Content in Part 501 Wa
ter Erosion 

Part 501 presents Natuml Resources Conservation Service 
(NRCS) policy and procedures for estimating soil erosion 
.by water. It explains the types, the method used to estimate, 
and the control of soil erosion by water. NRCS technical 
guidance related to water erosion shall conform to policy 
and procedures set forth in this part. 

The Agricultural Research Service (ARS) has primary re
sponsibility for erosion prediction research within the U.S. 
Department of Agriculture (USDA). ARS is the lead agency 
for developing erosion prediction technology, including the 
Revised Universal Soil Loss Equation (RUSLE). The tech
nology in RUSLE is documented to the publication Predict
ing Soil Erosion by Water: A Guide to Conservation Plan
ning With Revised Universal Soil Loss Equation, U.S. De
partment of Agriculture Handbook 703, hereafter referred 
to as Agriculture Handbook 703. 

Subpart501B Water erosion 

501.10 Forms of water erosion 

Forms of soil erosion by water include sheet and rill, 
ephememl gully, classical gully, and streambank. Each suc
ceeding type is associated with the progressive concentra
tion of runoff water into channels as it moves downslope. 
Sheet erosion, sometimes referred to as in terrill erosion, is 
the detachment of soil particles by raindrop impact and the 
removal of thin layers of soil from the land surface by the 
action ofminfall and runoff. Rill erosion is the formation of 
small, genemlly pamllel channels formed by runoff water. 
Rills usually do not re-occur in the same place. Ephememl 
gullies are concentrated flow channels formed when rills 
converge to form shallow channels. They are alternately 
filled with soil by tillage opemtions and re-formed in the 
same general location by subsequent runoff events. Classi
cal gullies are also concentmted flow channels formed when 
rills converge. These are well defined, permanent incised 
dminageways that cannot be crossed by ordinary farming 
opemtions. 

Other forms of erosion that are related to soil erosion by 
water include stream channel and geologic. Stream channel 
erosion refers to the degradation of channels and water
ways. Geologic erosion refers to long-term erosion effects, 
as opposed to accelerated erosion events discussed in the 
Subpart. 

No reliable methods exist for predicting the rate of ephem
eral gully, classical gully, stream channel, or geologic ero
sion. The remainder of this part deals only with prediction 
and control of sheet and rill erosion. 

501.11 The water erosion process 

The processes of sheet and rill erosion are detachment, 
transport, and deposition of soil particles caused by rain
drop impact and surface runoff. 

Detachment is the removal of particles from the soil mass 
and is expressed in units, such as tons per acre. When soil 
particles are removed from the mass, they are referred to as 
sediment. 
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The movement of sediment downslope is sediment trans
port. A measure of sediment transport is sediment load. 
Sediment load on a slope increases with distance downslope 
as long as detachment is occurring. That is, detachment 
adds to the sediment load. 

Where runoff is slowed at the base of a slope or by dense 
vegetation, deposition occurs, which is the transfer of sedi
ment from the sediment load to the soil mass. That is, depo
sition removes sediment from the sediment load, and accu
mulates on the soil surface. 

Two types of deposition, remote and local, occur. Remote 
deposition occurs some distance away from the origin ofthe 
sediment. Deposition at the toe of a concave slope, on the 
uphill side of vegetative strips, and in terrace channels are 
examples of remote deposition. Local deposition is where 
sediment is deposited near, within several inches, of where 

. it is detached. Deposition in microdepressions and in low 
gradient furrows are examples oflocal deposition. 

National 
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Subpart 501 C Estimating 
sheet and rill erosion 

501.20 How, why, and by whom water ero
sion is estimated 

I 
I 

NRCS estimates soil erosion by water as part of its ,techni-
cal assistance to land users. In conservation planni~g, ero
sion estimates are made for an existing managemen·t system 
and compared with alternative systems and with soil loss 
tolerance, T, values. · 

In addition, soil loss estimates are used to inventory natural 
resources, evaluate the effectiveness of conservation pro
grams and land treatment, and estimate sediment production 
from fields that inight become sediment yield in watersheds . 

In March 1995, NRCS adopted RUSLE as the official tool 
for predicting soil erosion by water. NRCS continues to use 
USLE for certain provisions of Farm Bill programs and for 
the NRCS National Resources Inventory (NRI). 

501.21 Methods of estimating sheet and rill 
erosion 

Efforts to predict soil erosion by water started in the 
1930's. Cook (1936) identified the major variables that af
fect erosion by water. Zingg ( 1940)published the first 
equation for calculating field soil loss. Smith and Whitt 
( 194 7) presented an erosion-estimating equation that in
cluded most of the factors present in modern soil loss equa
tions. The Musgrave equation (Musgrave 194 7) was a soil 
loss equation developed for farm planning. Finally, an ef
fort was initiated to develop a national equation from the 
various state and regional equations that existed in the 
1950's. In 1954, the Agricultural Research Service estab
lished the National Runoff and Soil Loss Data Center at 
Purdue University in West Lafayette, Indiana, to consoli
date all available erosion data. Using the data assembled at 
the Data Center, Wischmeier and Smith ( 1965) developed 
the Universal Soil Loss Equation (USLE). 

The USLE was a consolidation of several regional soil loss 
equations, and was based on summarizing and statistical 
analyses of more than 10,000 plot-years of basic runoff and 
soil loss data from 49 U.S. locations (Agriculture Hand
book 703, 1997; Wischmeier and Smith 1965, 1978). 
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The USLE was designed to provide a convenient working 
tool for conservationists. It quantifies soil erosion as a prod
uct of six factors representing rainfall and runoff erosive
ness, soil erodibility, slope length, slope steepness, cover
management practices, and supporting practices. 

501.22 The Revised Universal Soil Loss 
Equation 

Since March 1995, the Revised Universal Soil Loss Equa
tion (RUSLE) has been used by NRCS to estimate soil loss 
by water(Agriculture Handbook 703.). 

RUSLE predicts long-term average annual soil loss from 
sheet and rill erosion. RUSLE is an update of the Universal 
Soil Loss Equation (USLE) as described in Agriculture 
Handbook 53 7 (Wischmeier and Smith 1978). RUSLE uti
lizes a computer program to facilitate the calculations. 
RUSLE technology reflects the analysis of research data 
that were unavailable when Agricultural Handbook 282 
(Wischmeier and Smith 1965) and Agriculture Handbook 
537 were completed. 

501.23 Limitations of the equation 

The term Universal distinguishes the USLE and RUSLE 
from State and regionally based models that preceded them. 
However, the use of the USLE and RUSLE is limited to 
situations where factors can be accurately evaluated and to 
conditions for which they can be reliably applied 
(Wischmeier 1978; Agriculture Handbook 703, 1997). 

RUSLE predicts long-term average annual soil loss carried 
by runoff from specific field slopes under specified cover 
and management systems. It is substantially less accurate 
for the prediction of specific erosion events associated with 
single storms and short-term random fluctuations. 

RUSLE also estimates sediment yield for the amount of 
eroded soil leaving the end of a slope with certain support 
practices (see 501.35). It does not predict sediment yield 
for the amount of sediment that is delivered to a point in a 
watershed, such as the edge of a field, that is remote from 
the origin of the detached soil particles. Nor does RUSLE 
predict erosion that occurs in concentrated flow channels. 

501.24 
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Alternative methods of applying 
RUSLE 

ARS released RUSLE in 1992 as a computer program in the 
DOS environment. The model calculates soil loss from a 
field slope using values for each factor and using data ele
ments from climate, plant, and field operation data bases. 

Since 1993, RUSLE has been implemented in many NRCS 
field offices in hardcopy form in the Field Office Technical 
Guide (FOTG). State and area agronomists have developed 
tables and charts containing values for each of the RUSLE 
factors. Since the RUSLE module in Field Office Comput
ing System (FOCS) is no longer supported by the Informa
tion Technology Center, NRCS will continue to implement 
RUSLE technology using charts and tables in the FOTG. 

501.25 Data needed to support RUSLE 

RUSLE uses soil erodibility, K, values from the NASIS 
Soils Database. Climatic data is obtained from National 
Weather Service weather stations with reliable long-term 
data. State and area agronomists have developed cover and 
management factor, C, values for common cropping sys- . 
terns. 

The crop data base in the DOS RUSLE program contains 
plant growth and residue production parameters. These 
variables for key crops are listed in chapter 7 of Agriculture 
Handbook 703. Values for many of these parameters are 
available in a data base for a wide variety of plants. A user 
interface, the Crop Parameter Intelligent Data System 
(CPIDS) (Deer-Ascough et al. 1995), allows the user to 
search the data base. The USDA, ARS, National Soil Ero
sion Research Laboratory, West Lafayette, Indiana, main
tains CPIDS. 

Development and maintenance of data bases used by NRCS 
in erosion prediction models are the responsibility ofNRCS 
agronomists at the State and national levels. Refer to Part 
509 in this Manual for more detailed information on data 
base management and instructions. The national agronomist 
maintains a data base management plan that identifies the 
process of developing and maintaining data bases needed to 
support RUSLE. Data bases for some States are available in 
electronic format on the Fort Worth server. 
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501.26 Tools for using RUSLE 

Maps of rainfall and runoff factors, Rand Req (see ~~rt 
501.31) for the continental United States plus Hawan are 
available in Agriculture Handbook 703, figures 2-1 to 2-5 
and figures 2-15 and 2-16. Additional climate-related data 
and inputs are available in this chapter. Most states and Ba
sin Areas have developed county-based climatic maps for 
their areas. These contain the greater detail that is desired 
when applying RUSLE to specific field situations, and are 
available in NRCS State offices. 

Soil erodibility factor, K, values for RUSLE are available in 
the NASIS Soils Database and in other soils data bases and 
tables. In areas of the United States where K values are ad
justed to account for seasonal variability, (Agriculture 
Handbook 703) tables are available in State offices that 
show how the values are rounded to the nearest class and 
subclass. 

Four slope length and steepness, LandS, table options are 
available in RUSLE. LS values can be obtained from tables 
4-1 to 4-4 in Agriculture Handbook 703. The RUSLE com
puter program also calculates LS factor values for both uni
form and complex slopes. 

Cover and management factor, C, values are available in 
electronic table format in tables in most State offices and in 
the Field Office Technical Guide. Hardcopy tables are 
available in most State offices. 

Support practice factor, P, values are calculated using tables 
available in the FOTG in many states. Copies, where avail
able can be obtained from the State office. Table values for 
com~on stripcropping and buffer strip systems are avail
able in the FOTG of some states. 
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Subpart SOlD RUSLE 
factors 

501.30 The average annual soil loss estimate, 
A 

I 
. I 

The long time average annual soil loss, A, is the coq1puted 
spatial average soil loss and temporal average soil loss per 
unit of area, expressed in the units for K and for the period 
selected for R. 

As applied by NRCS, the units forK and the period for R 
are selected so that A is expressed in tons per acre per year. 
RUSLE predicts the soil loss carried by runoff from spe
cific field slopes in specified cover and management sys
tems. 

501.31 The rainfall and runoff 
erosivity factor, R 

The rainfall and runoff erosivity factor, R, is the product of 
total storm energy times the maximum 30-minute intensity. 
Stated another way, the average annual total of the stcirm 
energy and intensity values in a given location is the rainfall 
erosion index, R, for the locality. The R factor represents 
the long-term average annual summation of the Erosivity 
Index (EI) for extended period of record. 

In dry land cropping areas of the Northwest Wheat and 
Range Region, the effect of melting snow, rain on snow, 
and/or rain on thawing soil poses unique problems. An 
equivalent R value, Req• is calculated for these areas to ac
count for this added runoff. 

501.32 The soil erodibility factor, K 

The soil erodibility factor, K, is a measure of erodibility tor 
a standard condition. This standard condition is the unit 
plot, which is an erosion plot 72.6 feet (22.1 ) long on a 9 
percent slope, maintained in continuous fallow, tilled up 
and down hill periodically to control weeds and break 
crusts that form on the soil surface. The erodibility factor K 
represents the combined effect of susceptibility of soil to 
detachment, transport of sediment and the amount and rate 
of runoff caused by a particular rainfall event. Soil proper~ 
ties that affect soil erodibility include texture, structure, per-
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meability and organic matter content. Values forK should 
be selected from those given in the NRCS soil survey data
base in NASIS or in published reports the RUSLE soil 
erodibility nomograph can also be used to estimate K val
ues for most soils. Soil erodibility K varies by season. It 
tends to be high in early spring during and immediately fol
lowing thawing, and other periods when the soil is wet. 
NRCS further modifies the seasonally adjusted K by round
ing the value to the nearest K factor class or half-class (ex
hibit SOl-I). 

Rock fragments in the soil profile affect the soil erodibility 
factorll. The K value is adjusted upwards to account for 
rock fragments in the soil profile of sandy soils that reduce 
infiltration. No adjustment to the K value is recommended 
by NRCS for rocks in the profile of medium and heavy tex
tured soils. 

501.33 The slope length and steepness fac
tors, LandS 

The slope length factor, L, is the ratio of soil loss from the 
field slope length to soil loss from a 72.6-foot length under 
identical conditions. 

The slope steepness factor, S, is the ratio of soil loss from 
the field slope gradient to soil loss from a 9 percent slope 
under otherwise identical conditions. 

In erosion prediction as used by NRCS, the factors L and S 
are evaluated together, and LS values for uniform slopes 
can be selected from tables 4-1,4-2, 4-3, and +4 in Agri
culture Handbook 703. 

The slope length is defined as the horizontal distance from 
the origin of overland flow to the location of either concen
trated flow or deposition. Slope lengths normally do not ex
ceed 400 feet because sheet and rill flows will almost al
ways coalesce into concentrated flow paths within that dis
tance. Lengths longer than 1,000 feet should not be used in 
RUSLE. 

Slope length and steepness determinations are best made in 
the field. In conservation planning, the hillslope profile rep
resenting a significant portion of the field having the most 
severe erosion is often chosen. Slope lengths are best deter
mined by pacing out flow paths and making measurements 

I/ Rock fragments on the soil surface arc accounted for in the C factor. 

National 
Agronomy 
Manual 

directly on the ground. Steep slopes should be converted to 
horizontal distances. Slope steepness determinations are 
best made in the field using a clinometer, Abney level or 
similar device. Chapter 4, Agriculture Handbook 703 con
tains additional guides for choosing and measuring slopes. 

Most naturally occurring hillslope profiles are irregular in 
shape. When the slope profile is significantly curved (con
vex or concave, or sigmoid. convex at the shoulder and con
cave at the toe), the conservationist should represent it as a 
series of slope segments, using the irregular slope proce
dure in the RUSLE computer program. 

501.34 The cover-management factor, C 

The cover-management factor, C, is the ratio of soil loss 
from an area with specified cover and management to soil 
loss from an identical area in tilled continuous fallow. 
The C factor is used most often to compare the relative im
pacts of management options on conservation plans. 

The impacts of cover and management on soil losses are di
vided into a series ofsubfactors in RUSLE. These include 
the impacts of previous vegetative cover and management, 
canopy cover, surface roughness, and in some cases the im
pact of soil moisture. 

In RUSLE, these subfactors are assigned values, and when 
multiplied together yield a soil loss ratio (SLR). Individual 
SLR values are calculated for each period over which the 
important parameters are assumed to remain constant. Each 
SLR value is then weighted by the fraction of rainfall and 
runoff erosivity, EI, associated with the corresponding pe
riod, and these weighted values are combined (summed) 
into an overall C factor value. 

501.35 The support practice factor, P 

The support practice factor, P, is the ratio of soil loss with a 
support practice like contouring, stripcropping, or terracing 
to soil loss with straight-row farming up and down the 
slope. 

The contour P sub factor accounts for the beneficial effects 
of redirected runoff that modifies the flow pattern because 
of ridges or oriented roughness that are partially or com
pletely oriented along the contour. 
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The contour P subfactor includes the effects of storm sever
ity, ridge height, off-grade contouring, slope length and 
steepness, infiltration, and soil cover and roughness. 

The stripcropping P subfactor is a support practice where 
strips of clean-tilled or nearly clean-tilled crops are alter
nated with strips of close growing vegetation, or strips with 
relatively smooth tilled soil surfaces are alternated with 
strips with rough tilled surfaces. 

The stripcropping P subfactor evaluates what are variously 
described as contour stripcropping, cross-slope 
stripcropping, field stripcropping, buffer strips and veg
etated filter strips. 

Terraces in RUSLE are support practices where high and 
large ridges of soil are constructed across the slope at inter
vals. These ridges and their accompanying channels inter
cept runoff and divert it around the slope or into a closed 
outlet. Terraces can affect sheet and rill erosion by reducing 
slope length and cause deposition in the terrace channel. 

Tile drainage, under optimum conditions, can reduce ero
sion by reducing ·runoff. Because of a lack of support data, 
NRCS does not use the tile drainage subfactor in RUSLE, 
except in the Willamette Valley in the Oregon and Puget 
Sound basin in Washington. 

In addition to the support practice factor, P, used in conser
vation planning, RUSLE estimates sediment yield for con
tour strips and terraces. The sediment yield, or delivery ra
tio, used in RUSLE is the ratio to the amount of sediment 
leaving the end of the slope length to the amount of sedi
ment produced on the slope length. 
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Subpart SOlE Principles of water 
erosion control 

501.40 Overview of principles 

The principle factors that influence soil erosion by Jater 
are climate, soil properties, topography, vegetative tover, · 
and conservation practices. Climate and soil properties are 
conditions of the site and are not modified by ordinary man
agement measures. Conservation trea~ent primarily in
volves manipulation of vegetative cover, modification of to
pography, and manipulation of soil conditions in the tillage 
zone. 

The greatest deterrent to soil erosion by water is vegetative 
cover, living or dead, on the soil surface.· Cover and cultural 
practices influence both the detachment of soil particles and 
their transport. Growing plants and plant residue absorb the 
energy of raindrops, decrease the velocity of runoff water, 
and help create soil conditions that resist erosion. Cultural 
practices that affect vegetative cover include crop rotations, 
cover crops, management of crop residue, and tillage prac
tices. 

501.41 Relation of control to RUSLE factors 

In conservation planning, the cover and management factor, . 
C, and the support practices factor, P, can be manipulated 
in RUSLE to develop alternatives for erosion reduction. In 
addition, where slope length is reduced with some terrace 
and diversion systems, the slope length and steepness fac
tor, LS, will be reduced. 
Using RUSLE technology, estimates of erosion reduction 
are illustrated in the subfactors offactor C. 
Benefits to erosion control are achieved in the: 

• prior land use subfactor by increasing the mass of 
roots and buried residue and increasing periods since 
soil disturbance, 

• canopy cover subfactor by increasing the canopy 
cover of the field area and low raindrop fall height 
from the canopy, 

• surface cover subfactor by increasing the ground 
cover of plant residue, and by permanent cover such 
as rock fragments, 

• surface roughness sub factor by increasing the random 
surface roughness that ponds water, and thereby 
reduces the erosive effect of raindrops and traps 
sediment, and 
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• soil moisture subfactor by growing moisture-deplet
ing crops. This benefit is only applied in RUSLE in 
the Northwest Wheat and Range Region of the west
em United States. 

When support practices are applied, they become i~tegra~ 
parts of a resource management system for CO~troJhng. SOil 
erosion by water. Contour farming, contour stnpcroppmg, 
and conservation buffers form ridges on or near the contour 
that slow runoff and trap sediment. Terraces and diversions 
intercept concentrated runoff flows and, in many cases, 
shorten the length of slope. 

Some erosion control practices, such as grassed waterways 
and water control structures, do not substantially reduce 
sheet and rill erosion. While these can be effective erosion 
control practices in a resource management system, they are 
not a part of the soil loss reduction that is estimated by 
RUSLE. 
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Exhibit 501-1 Acceptable class and half-class factor K values for use in RUSLE where K values are adjusted for seasonal 
variability. 

Original K Minimum Maximum Acceptable class and half-class K factor values i< value .I! ·value Zl value i!i 

0.02 0.016 0.024 0.02 

0.05 0.04 0.06 0.05 

0.10 0.08 0.12 0.08 0.10 0.12 

0.15 0.12 0.18 0.12 0.15 0.17 

0.17 0.136 0.204 0.15 0.17 0.20 

0.20 0.16 0.24 0.17 0.20 0.22 0.24 

0.24 0.192 0.288 0.20 0.22 0.24 0.26 0.28 

0.28 0.224 0.336 0.24 0.26 0.28 0.30 0.32 

0.32 0.256 0.384 0.26 0.28 0.30 0.32 0.35 0.37 

0.37 0.296 0.444 0.30 0.32 0.35 0.37 0.40 0.43 

0.43 0.344 0.516 0.35 0.37 0.40 0.43 0.46 0.49 

0.49 0.392 0.588 0.40 0.43 0.46 0.49 0.52 
0.55 

0.55 0.44 0.66 0.46 0.49 0.52 0.55 0.60 0.64 

0.64 0.512 0.768 0.52 0.55 0.60 0.64 0.70 0.76 

J/ Original K value from the soils data base for a specific map unit or soil component. 
21 Minimum value is 80% of the original K value, and is the cap for acceptable minimum class and half-class values. 
3/ Maximum value is 120% of the original K value, and is the cap for the acceptable maximum class and half-class values. 
41 Acceptable class and half-class K factor values, were approved 4115/94 by a joint committee ofNRCS soil scientists and agrono

mists, under the leadership of H.R. Sinclair, lead soil scientist. 
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to WEQ K sub factors (Krr) for random roughness. Krr values vary by 
I factors assigned to soil Wind Erodibility Groups 
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Subpart 502A Introduction 

502.00 Overview 

Part 502 presents Natural Resources Conservation Service 
(NRCS) policy and procedures for estimating wind erosion. 
It explains the Wind Erosion Equation (WEQ) and provides 
guidance and reference on wind erosion processes, predic
tion, and control. NRCS technical guidance related to wind 
erosion conforms to policy and procedures in this part. 

This part will be amended as additional research on wind 
erosion and its control is completed and published. The na
tional agronomist is responsible for updating this chapter 
and coordinating wind erosion guidance with Agricultural 
Research Service (ARS). 

NRCS cooperating scientists may supplement this manual. 
However, appropriate supplements prepared by cooperating 
scientists are to be submitted to the national agronomist for 
review and concurrence before issuance. State supplements 
are to be reviewed and approved by the national agronomist 
before being issued to field offices. 

Understanding the erosive forces of wind is essential to the 
correct use of the Wind Erosion Equation and interpretation 
of wind erosion data. NRCS predicts erosion rates, assesses 
potential damage, and plans control systems for wind 
erosion. 

The Agricultural Research Service has primary responsibil
ity for erosion prediction research within the U.S. Depart
ment of Agriculture (USDA). Wind erosion research is 
conducted by the Wind Erosion Research Unit at Manhat
tan, Kansas, and the Cropping Systems Research Unit at Big 
Spring, Texas. 

Subpart 502B Wind erosion 

502.10 The wind erosion problem 

Wind is an erosive agent. It detaches and transports soil 
particles, sorts the finer from the coarser paryicles, and 
deposits them unevenly. Loss of the fertile tfpsoil in eroded 
areas reduces the rooting depth and, in manr places, re
duces crop yield. Abrasion by airborne soilparticles dam
ages plants and constructed structures. Drifting soil causes 
extensive damage also. Sand and dust in the air can harm 
animals, humans, and equipment. 

Some wind erosion has always occurred as a natural land
forming process, but it has become detrimental as a result of 
human activities. This accelerated erosion is primarily 
caused by improper use and management ofthe land 
(Stallings 1951 ). 

Few regions are entirely safe from wind erosion. Wherever 
the soil surface is loose and dry, vegetation is sparse or 
absent, and the wind sufficiently strong, erosion will occur 
unless control measures are applied (1957 Yearbook of 
Agriculture). Soil erosion by wind in North America is 
generally most severe in the Great Plains. The NRCS 
annual report of wind erosion conditions in the Great Plains 
shows that wind erosion damages from I million to more 
than 15 million acres annually, averaging more than 4 
million acres per year in the 1 0-state area. USDA estimated 
that nearly 95 percent of the 6.5 million acres put out of 
production during the 1930's suffered serious wind erosion 
damage (Woodruff 1975). Other major regions subject to 
damaging wind erosion are the Columbia River plains; 
some parts of the Southwest and the Colorado Basin, the 
muck and sandy areas of the Great Lakes region, and the 
sands of the Gulf, Pacific, and Atlantic seaboards. 

In some areas, the primary problem caused by wind erosion 
is crop damage. Some crops are tolerant enough to with
stand or recover from erosion damage. Other crops, includ
ing many vegetables and specialty crops, are especially 
vulnerable to wind erosion damage. Wind erosion may 
cause significant short-term economic loss in areas where 
erosion rates are below the soil loss tolerance (T) when the 
crops grown in that area are easily damaged by blowing soil 
(table 502-4). 
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502.11 The wind erosion process 

The wind erosion process is complex. It involves detaching, 
transporting, sorting, abrading, avalanching, and depositing 
of soil particles. Turbulent winds blowing over erodible 
soils cause wind erosion. Field conditions conducive to ero
sion include 

• loose, dry, and finely granulated soil; 
• smooth soil surface that has little or no vegetation 

\ 

present; 
• sufficiently large area susceptible to erosion; and 

sufficient wind velocity to move soil. 

Winds are considered erosive when they reach 13 miles per 
hour at 1 foot above the ground or about 18 miles per hour 
at a 30 foot height. This is commonly referred to as the 
threshold wind velocity (Lyles and Krauss 1971 ). 

The wind transports primary soil particles or stable aggre
gates, or both, in three ways (fig. 502-1): 

Saltation-Individual particles/aggregates ranging from 0.1 
to 0.5 millimeter in diameter lift off the surface at a 50- to 
90-degree angle and follow distinct trajectories under the 
influence of air resistance and gravity. The particles/aggre
gates return to the surface at impact angles of6 to 14 
degrees from the horizontal. Whether they rebound or 
embed themselves, they initiate movement of other par
ticles/aggregates to create the avalanching effect. Saltating 
particles are the abrading bullets that remove the protective 
soil crusts and clods. Most saltation occurs within 12 inches 
above the soil surface and typically, the length of a saltating 
particle trajectory is about 10 times the height. From 50 to 
80 percent of total transport is by saltation. 

Figure 502-1 The wind erosion process 

/.".Suspension 
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Suspension~ The finer particles, less than 0.1 millimeter in 
diameter, are dislodged from an eroding area by saltation 
and remain in the air mass for an extended period. Some 
suspension-sized particles or aggregates are present in the 
soil, but many are created by abrasion oflarger aggregates 
during erosion. From 20 percent to more than 60 percent of 
an eroding soil may be carried in suspension, depending on 
soil texture. As a general rule, suspension increases down
wind, and on long fields can easily exceed the amount of 
soil movedin saltation and creep. 

Surface creep-Sand-si:z:ed particles/aggregates are set in. 
motion by the impact of saltating particles. Under high 
winds, the whole soil surface appears to be creeping slowly 
forward as particles are pushed and rolled by the saltation 
flow. Surface creep may account for 7 to 25 percent of total 
transport (Chepil 1945 and Lyles 1980). 

Saltation and creep particles are deposited in vegetated 
strips, ditches, or other areas sheltered from the wind, as 
long as these areas have the capacity to hold the sediment. 
Particles in suspension, however, may be carried a great 
distance. 

The rate of increase in soil flow along the wind direction 
varies directly with erodibility of field surfaces. The in
crease in erosion downwind (avalanching) is associated 
with the following processes: 

• the increased concentration of saltating particles 
downwind increases the frequency of impacts and the 
degree of breakdown of clods and crusts, and 

• accumulation of erodible particles and breakdown of 
clods tends to produce a smoother (and more erod
ible) surface. 

The distance required for soil flow to reach a maximum for 
a given soil is the same for any erosive wind. The more 
erodible the surface, the shorter the distance in which 
maximum flow is reached. Any factor that influences the 
erodibility of the surface influences the increase in soil 
flow. 
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Subpart 502C Estimating wind 
erosion 

502.20 How, why, and by whom wind ero
sion is estimated 

Using the Wind Erosion Equation (WEQ), NRCS estimates 
.erosion rates to 

• provide technical assistance to land users, 
• inventory natural resources, and 
• evaluate the effectiveness of conservation programs 

and conservation treatment applied to the land. 

Wind erosion is difficult to measure. Wind moves across 
the land in a turbulent, erratic fashion. Soil may blow into, 
within, and out of a field in several directions in a single 
storm. The direction, velocity, duration, and variability of 
the wind all affect the erosion that occurs from a wind 
storm. Much of the soil eroding from a field bounces or 
creeps near the surface; however, some of the soil blown 
from a field may be high above the ground in a dust cloud 
by the time it reaches the edge of a field (Chepill963). 

502.21 Methods of estimating wind erosion 

No precise method of measuring wind erosion has been 
developed. However, various dust collectors, remote and 
in-place sensors, wind tunnels, sediment samplers, and 
microtopographic surveys before and after erosion have 
been used. Each method has its limitations. Research is 
continuing on new techniques and new devices, on modifi
cations to older ones, and on means to measure wind ero
sion. 

Estimates of wind erosion can be developed by assigning 
numerical values to the site conditions that govern wind 
erosion and expressing their relationships mathematically. 
This is the basis of the current Wind Erosion Equation 
(WEQ) that considers soil erodibility, ridge and random 
roughness, climate, unsheltered distance, and vegetative 
cover. 
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502.22 The wind erosion equation 

The Wind Erosion Equation (WEQ) erosion model is 
designed to predict long-term average annual soil losses 
from a field having specific characteristics. With appropri
ate selection offactor values, the equation will estimate 
average annual erosion or erosion for specific time periods. 

Development of the wind erosion equatibn 
Drought and wind erosion during the 19th cebtury caused 
wind erosion to be recognized as an importaht geologic 
phenomenon. By the late 1930's, systematic and scientific 
research into wind erosion was being pioneered in Califor
nia, South Dakota, Texas, and in Canada and England. This 
research produced information on the mechanics of soil 
transport by wind, the influence of cultural treatment on 
rates of movement, and the influence of windbreaks on 
windflow patterns. The publication, The Physics of Blown 
Sand and Desert Dunes, (Bagnold 1941 ), is considered a 
classic by wind erosion researchers. 

In 1947, USDA began the Wind Erosion Research Program 
at Manhattan, Kansas, in cooperationwith Kansas State . 
University. That program was started u·nder the leadership 
of Austin W. Zingg, who was soon joined by W.S. Chepil, a 
pioneer in wind erosion research in Canada. The research 
project's primary purposes were to study the mechanics of 
wind erosion, delineate major influences on that erosion, 
and devise and develop methods to control it. 

By 1954, Chepil and his coworkers began to publish results 
oftheir research in the form of wind erosion prediction 
equations (Chepil 1954; Chepill957; Chepil et al. 1955; 
Woodruff and Chepill956). 

In 1959, Chepil released an equation 
E=IRKFBWD 

where: 
E =quantity of erosion 

= soil cloddiness 
R =residue 
K =roughness 
F =soil abradability 
B =wind barrier 
W =width of field 
D =wind direction 

Wind velocity at geographic locations was not addressed in 
this equation (Chepill959). 
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In 1962, Chepil's group released the equation 

E= J(ACKLV) 

where: 
A = percentage of soil fractions greater than 0.84 milli

meter. 

Factors C, K, L, and V were the same as in the present 
equation although they were not handled the same (Chepil 
19~2). A C-factor map for the western half of the United 
StafS was also published in 1962 (Chepil et al. 1962). 

In 1963, the current form of the equation, E= /(ICKLV) 
was first released (Chepil1963). 

In 1965, the concept of prepondemnce in assessing wind 
erosion forces was introduced. See 502.34 for details on 
prepondemnce (Skidmore 1965 and Skidmore and Woo
druff1968). 

In 1968, monthly climatic factors were published (Woo
druff and Armbrust I968). These are no longer used by 
NRCS.Instead, NRCS adopted a proposal for computing 
soil erosion by periods using wind energy distribution 
which was published in 1980 (Bondy et al. 1980). (See 
502.24.) In 1981, the Wind Erosion Research Unit provided 
NRCS with data on the distribution of erosive wind energy 
for the United States and in 1982 provided updated annual 
C factors. (See exhibit 502-8.) 

Although the present equation has significant limitations 
(see 502.23), it is the best tool currently available for 
making reasonable estimates of wind erosion. Currently, 
research and development of improved procedures for 
estimating wind erosion are underway. 

The present Wind Erosion Equation is expressed as: 

E= J(IKCLV) 

where: 
E = estimated avemge annual soil loss in tons per acre 

per year 
f = indicates relationships that are not straight-line 

mathematical calculations 
= soil erodibility index 

K = soil surface roughness factor 
C = climatic factor 
L = the unsheltered distance 
V = the vegetative cover factor 
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The I factor, expressed as the avemge annual soil loss in 
tons per acre per year from a field area, accounts for the 
inherent soil properties affecting erodibility. These proper
ties include texture, organic matter, and calcium carbonate 
percentage. I is the potential annual wind erosion for a 
given soil under a given set of field conditions. The given 
set of field conditions for which I is referenced is that of an 
isolated, unsheltered, wide, bare, smooth, level, loose, and 
non-crusted soil surface, and at a location where the cli
matic factor (C) is equal to 100. (For details on the I factor 
see502.31). 

The K factor is a measure of the effect of ridges and 
cloddiness made by tillage and planting implements. It is 
expressed as a decimal from 0.1 to 1.0. (For details on the 
K factor see 502.32.) 

The C factor for any given locality characterizes climatic 
erosivity, specifically windspeed and surface soil moisture. 
This factor is expressed as a percentage of the C factor for 
Garden City, Kansas, which has a value of 100. (For details 
on the C factor see 502.33.) 

The L factor considers the unprotected distance along the 
prevailing erosive wind direction across the area to be 
evaluated and the preponderance of the prevailing erosive 
winds. (For details on the L factor see 502.34.) 

The V factor considers the kind, amount, and orientation of 
vegetation on the surface. The vegetative cover is expressed 
in pounds per acre of a flat small-gmin residue equivalent. 
(For details on the V factor see 502.35.) 

Solving the equation involves five successive steps. Steps 1, 
2 and 3 can be solved by multiplying the factor values. 
Determining the effects ofL and V (steps 4 and 5) involves 
more complex functional relationships. 

Step 1: E1 =I 

Factor I is established for the specific soil. I may be 
increased for knolls less than 500 feet long facing into 
the prevailing wind, or decreased to account for 
surface soil crusting, and irrigation. 

Step 2: E2 = IK 

Factor K adjusts E1 for tillage-induced oriented 
roughness, Krd (ridges) and random roughness, Krr 
(cloddiness). The value ofK is calculated by multi
plying Krd times Krr. (K = Krd x Krr). 
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Step 3: E3 = IKC 

Factor C adjusts E2 for the local climatic factor. 

Step 4: E4 = IKCL 

FactorL adjusts E3 for unsheltered distance. 

Step 5: E5 = IKCL V 

Factor V adjusts E4 for vegetative cover. 

502.23 Limitations of the equation 

When the unsheltered distance, L, is sufficiently long, the 
transport capacity of the wind for saltation and creep is 
reached. If the wind is moving all the soil it can carry 
across a given surface, the inflow into a downwind area of 
the field is equal to the outflow from that same area of the 
field for saltation and creep. The net soil loss from this 
specific area of the field is then only t~e sus~ension compo
nent. This does not imply a reduced soJ! erosiOn problem 
because, theoretically, there is still the estimated amount of 
soil loss in creep, saltation, and suspension leaving the 
downwind edge ofthe field. 

Surface armoring by nonerodible gravel is not usually 
addressed in the I factor. 

The equation does not account for snow cover or sea~onal 
changes in soil erodibility. The equation does not esttmate 
erosion from single storm events. 

502.24 Alternative procedures for using the 
WEQ 

The WEQ Critical Period Procedure is based on use of the 
Wind Erosion Equation as described by Woodruff and 
Siddoway in 1965 (Woodruff and Siddoway 1965). The 
conditions during the critical wind erosion period are used 
to derive the estimate of annual wind erosion. 

• The Critical Wind Erosion Period is described as the 
period of the year when the greatest amount of wind 
erosion can be expected to occur from a field under 
an identified management system. It is the period 
when vegetative cover, soil surface conditions, and 
expected erosive winds result in the greatest potential 
for wind erosion. 
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• Erosion estimates developed using the critical period 
procedure are made using a single set of factor values 
(IKCL & V) in the equation to describe the critical 
wind erosion period conditions. 

• The critical period procedure is currently used for 
resource inventories. NRCS usually provides specific 
instructions on developing wind erosion estimates for 
resource inventories. 1 

I 

The WEQ Management Period Procedure Jas published by 
Bondy, Lyles, and Hayes in 1980. It solves the equation for 
situations where site conditions have significant variation 
during the year or planning period where the soil is exposed 
to soil erosion for short periods, and where crop damage is 
the foremost conservation conern, rather than the extent of 
soil loss. The management period procedure is described as 
being more responsive to changing conditions throughout 
the cropping year but is not consi~ered more accurate than 
the critical period procedure. 

Comparisons should not be made between the soil erosion 
predictions made by the management period procedure and 
the critical period procedure. In other words, where a 
conservation system has been determined to be acceptable 
by the management period procedure and placed in a 
conservation plan or the FOTG, then only the management 
period procedure will be used to determine if other conser
vation systems, planned or applied, provide equivalent 
treatment. 

Factor values are selected to describe management periods 
when cover and management effects are approximately 
uniform. The cropping system is divided into as many 
management periods as is necessary to describe the year or 
planning period accurately. Erosive wind energy (E~) 
distribution is used to derive a weighted estimate of sml 
loss for the period. The general procedure is as follows: 

• Solve forE in the basic equation (E = f(IKCL V)) 
using management period values for I, K, L, and V, 
and the local annual value for C. 

• Multiply the annual soil loss rate E obtained from 
management period values by the percentage of 
annual erosive wind energy that occurs during the 
management period to estimate average erosion for 
that management period. 

• Add the management period amounts for the crop 
year, or add the period amounts for a total crop 
sequence and divide by the number of years in the 
sequence to estimate average annual wind erosion. 
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Exhibit 502-7a is an example of tables showing the ex
pected monthly distribution of erosive wind energy at 
specific locations. The complete table is available for 
downloading at 

http://www .weru.ksu.edu/nrcs/windparm.doc 

Exhibit 502-7b shows how these values are used in the 
management period method computations. Erosive wind 
energy values are entered on the form in the column identi-
fie,%EWE. . . 

Estimates for management periods less than l year in 
duration are often useful in conservation planning. Ex
amples include 

• When crop damage (crop tolerance) during sensitive 
growth stages is the major concern. 

• When a system or practice is evaluated for short-term 
effects. 

States will use critical period or the management period 
procedure, within published guidelines, for conservation 
planning. The management period procedure will not be 
used for resource inventories unless specifically stated in 
instructions. Refer to individual program manuals for more 
specific instructions pertaining to the use of the Wind Ero
sion Equation. 

Adjustments to the WEQ soil erodibility factor, I, can be 
made for temporary conditions that include irrigation or 
crusts, but such adjustments are to be used only with the 
management period procedure. The use of monthly prepon
derance data to determine equivalent field width is also ap
plicable only to the management period procedure. 

502.25 Data to support the WEQ 

ARS has developed benchmark values for each of the fac
tors in the WEQ. However, the NRCS is responsible for de
veloping procedures and additional factor values for use of 
the equation. Field Office Technical Guides will include the 
local data needed to make wind erosion estimates. 

ARS has computed benchmark C factors for locations 
where adequate weather data are available (Lyles 1983). C 
factors used in the field office are to reflect local conditions 
as they relate to benchmark C factors. Knowledge oflocal 
terrain features and local climate is needed to determine 
how point data can be extended and how interpolation be
tween points should be done. See 502.33 for guidance. 
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ARS has developed soil erodibility I values based on size 
distribution of soil aggregates. Soils have been grouped by 
texture classes into wind erodibility groups. Wind erodibil
ity group numbers are included in the soil survey data base 
inNASIS. 

For further discussion ofbenchmark data supporting factor 
values, refer to subpart 5020, WEQ factors. 

502.26 Using WEQ estimates with USLE or 
RUSLE calculations 

The WEQ provides an estimate of average annual wind ero
sion from the field width along the prevailing wind erosion 
direction (L) entered in the calculation; USLE or RUSLE 
provide an estimate of average annual sheet and rill erosion 
from the slope length (L) entered into the model. Although 
both wind and water erosion estimates are in tons per acre 
per year, they are not additive unless the two equations rep
resent identical flow paths across identical areas. 

502.27 Tools for using the WEQ 

Graphs and tables for determining factor values are in 
Subpart 502G Exhibits. 

Etables 
The ARS WEROS (Wind Erosion) computer program has 
produced tables that give estimated erosion (E values) for 
most of the possible combinations ofl, K, C, L, and V. Ex
hibit 502-1 is an example. See 502.30 for procedures to 
download E tables. 

Use of the management period procedure can be simplified 
through the use of worksheets on which information for 
each management period is documented. Subpart 502F is to 
include sample wind erosion computations using the Man
agement Period Procedure. 

An acceptable WEQ calculator has been developed in 
Microsoft Excel, and is being adapted for use in many 
states. A copy of this spreadsheet can be obtained from the 
NRCS state agronomist in Albuquerque, New Mexico. Ex
hibit 502.78 shows an example of this spread sheet. 

Trade names mentioned are for specific information and do not 
constitute a guarantee or warranty of the product by the Depart
ment of Agriculture or an endorsement by the Department over 
other products not mentioned. 

502-6 (190-V-NAM, 3rd Ed., October 2002) 



Part502 Wind Erosion 

Subpart 502D WEQ Factors 

502.30 The wind erosion estimate, E 

The wind erosion estimate, E, is the estimate of average an
nual tons of soil per acre that the wind will erode from an 
area represented by an unsheltered distance L and for the 
soil, climate, and site conditions represented by I, K, C, and 
V. The equation is an empirical formula. It was initially de
veloped by relating wind tunnel data to observed field ero
sion for 3 years in the mid 1950's (Woodruffet al. 1976). 
The field data was normalized to reflect long-term average 
annual erosion assuming given conditions during the critical 
period without reference to change in those conditions 
through the year. The estimate arrived at by using the criti
cal period procedure for estimating wind erosion does not 
track specific changes brought about by management and 
crop development; nor does it assume that critical period 
conditions exist all year. The calibration procedure ac
counted for minor changes expected to occur during a nor
mal crop year at that time in history. The WEQ annual E is 
based on an annual C and field conditions during the critical 
wind erosion period of the year. This procedure does not 
account for all the effects of management. . 

The management period procedure for estimating wind ero
sion involves assigning factor values to represent field con
ditions expected to occur during specified time periods. Us
ing annual wind energy distribution data, erosion can be es
timated for each period oftime being evaluated. The period 
estimates are summed to arrive at an annual estimate. Crop
ping sequences involving more than 1 year can be evaluated 
using this procedure. It also allows for a more thorough 
analysis of a management system and how management 
techniques affect the erosion estimate. 

The new E tables can be downloaded from the WERU 
server, Manhattan, Kansas. These tables can be accessed in 
two ways: 

o Through your WWW browser. To view, direct your 
web browser to: http://www.weru.ksu.edu/nrcs 

Download the Adobe Acrobat Reader (if not already 
installed on your computer) by clicking on the icon 
and installing per the installation instructions. (Trade 
names mentioned are for specific information and do 
not constitute a guarantee or warranty ofthe product 
by the Department of Agriculture or an endorsement 
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by the Department over other products not men
tioned.) When the Adobe Acrobat Reader is running 
on your browser you can click the PDF icon to view 
and print the table. When on the WERU Web page, 
copies of the files can be downloaded by clicking on the 
hypertext for the following: 

etab.pdffor PDF or 
etab. wpd (for WordPerfec~) or 
etab.ps for Postscript / 

I 

o Through FTP-For those without a Jeb browser but 
have FTP access, FTP to: ftp.weru.ksu.edu 
go to the appropriate directory, for example 

cd pub/nrcs/etables 
Be sure that you are in binary mode. 

To download the table format of your choice, type: 
get etab.pdffor PDF or. 
get eta b. wpd for WordPerfect or 
get etab.ps for Postscript 

The appropriate E table will download to your computer. 
Exhibit 502-l shows an example of an E table. 

502.31 Soil erodibility index, I 

I is the erodibility factor for the soil on the site. It is 
expressed as the average annual soil loss in tons per acre 
that would occur from wind erosion, when the site is: 

- Isolated- incoming saltation is absent 
Level- knolls are absent 

- Smooth- ridge roughness effects are absent and 
cloddiness is minimal 
Unsheltered- barriers are absent. 
At a location where the C factor is 100 

- Bare- vegetative cover is absent 
- Wide- the distance at which the flow of eroding soil 

reaches its maximum and does not increase with field 
size 

- Loose- and non-crusted, aggregates not bound 
together, and surface not sealed. 

The I factor is related to the percentage ofnonerodible 
surface soil aggregates larger than 0.84 millimeters in 
diameter. For most NRCS uses, the I value is assigned for 
named soils based on wind erodibility groups (WEG). The 
WEG is included in the soil survey data base in NASIS. If 
the soil name is not known, exhibit 502-2 can be used to 
determine the WEG from the surface soil texture. 
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To determine erodibility for field conditions during various 
management periods throughout the year, follow the sieving 
.instructions in exhibit 502-3. (Do not use this procedure to 
determine average annual I values.) 

A soil erodibility index based solely on the percentage of 
aggregates larger than 0.84 millimeters has several potential 
sources of error. Some of these follow: 

• Relative erodibility of widely different soils may 

\ 

change with a change in wind velocity over the 
surface of the soil. 

• Calibration of the equation is based on the volume of 
soii removed, but the erodibility index is based on 
weight. 

• Differences in size of aggregates have considerable 
influence on erodibility but no distinction for this 
influence is made in table 1, exhibit 502-3. 

• Stability of surface aggregates influences erodibility; 
large durable aggregates can become a surface 
annor; Jess stable aggregates can be abraded into 
smaller, more erodible particles. 

• Surface crusting may greatly reduce erodibility; 
erodibility may increase again as the crust deterio
rates (Chepill958). 

Knoll erodibility-Knolls are topographic features charac
terized by short, abrupt windward slopes. Wind erosion 
potential is greater on knoll slopes than on level or gently 
rolling terrain because wind flowlines are compressed and 
wind velocity increases near the crest of the knolls. Erosion 
that begins on knolls often affects field areas downwind. 

Adjustments of the Soil Erodibility Index (I) are used where 
windward-facing slopes areless than 500 feet long and the 
increase in slope gradient from the adjacent landscape is 3 

Table 502-1 Knoll erodibility adjustment factor for I 

Percent slope change in 
prevailing wind 
erosion 
direction 

3 
4 
5 
6 
8 
I 0 and greater 

A 
Knoll 
adjustment 
ofl 

1.3 
1.6 
1.9 
2.3 
3.0 
3.6 

8 
Increase at 
crest area 
where erosion is 
most severe 

1.5 
1.9 
2.5 
3.2 
4.8 
6.8 
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percent or greater. Both slope length and slope gradient 
change are determined along the direction of the prevailing 
erosive wind (fig. 502-2). 

Table 502-1 contains knoll erodibility adjustment factors 
for the Soil Erodibility Index I. The I value for the Wind 
Erodibility Group is multiplied by the factor shown in 
column A. This adjustment expresses the average increase 
in erodibility along the knoll slope. For comparison, column 
B shows the increased erodibility near the crest (about the 
upper 1/3 of the slope), where the effect is most severe. 

No adjustment of I for knoll erodibility is made on level 
fields, or on rolling terrain where slopes are longer and 
slope changes are less abrupt. Where these situations occur, 
the wind flow pattern tends to conform to the surface and 
does not exhibit the flow constriction typical of knolls. 

Surface crusting-Erodibility of surface soil varies with 
changing tillage practices and environmental conditions 
(Chepill958). A surface crust forms when a bare soil is 
wetted and dried. Although the crust may be so weak that it 
has virtually no influence on the size distribution of dry 
aggregates determined by sieving, it can make the soilless 
erodible. The resistance of the crust to erosion depends on 
the nature of the soil, intensity of rainfall, and the kind and 
amount of cover on the soil surface. A fully crusted soil 
may erode only one-sixth as much as non-crusted soil. 
However, a smooth crusted soil with loose sand grains on 
the surface is more erodible than the same field with a 
cloddy or ridged surface. 

Table502-2 I adjustment guidelines for crusts 

WEG Max. adj. Calculated Rounded 
mgtprd. I I 
factor 1/ 

310 .7 217 220 
250 .7 175 180 
220 .7 154 160 
180 .7 126 134 

1 160 .7 112 134 
2 134 .7 67 86 
3 86 .4 34 38 
4 86 .4 34 38 
4L 86 .4 34 38 
5 56 .3 17 21 
6 48 .3 14 21 
7 38 .3 11 12 

1/ The management period adjustment to I has not been 
validated by research and is based on NRCS judgment. 
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Under erosive conditions, the surface crust and surface 
clods on fine sands and loamy fine sands tend to break 
down readily. On silt loams and silty clay loams the surface 
crust and surface clods may be preserved, and the relative 
erosion may be as little as one-sixth of I. Other soils react 
somewhere between these two extremes (Chepill959). 

Because of the temporary nature of crusts, no adjustment 
for crusting is made for annual estimates based on the 
critical wind erosion period method (Woodruff and 
Siddoway 1973). However, crust characteristics may be 
estimated and adjustment to I may be made for management 
period estimates when no traffic, tillage, or other breaking 
of crusts is anticipated. Such adjustments may be up to, but 
may not exceed the percentages shown in table 502-2. 

Irrigation adjustments-The I values for irrigated soils, as 
shown in exhibit 502-2, are applicable throughout the year. 
I adjustments for irrigation are applicable only where 
assigned I values are 180 or less. 

Adjustments based on dry sieving-Temporal changes in 
the surface fraction> 0.84 millimeter may be measured by 
dry sieving. These measurements may be used to establish a 
basis for adjusting I for conservation planning when sieving 
has been performed for each management period and for 3 
years or more. The adjustment to I applies only to the 
respective time periods when the soil surface is influenced 
by changes in the nonerodible fraction. Therefore, the 
adjustment is used only with the management period proce
dure of estimating wind erosion. The procedure does 
expand the applicability of the equation to a management 
effect not previously addressed. When the I factor is ad
justed based on the results of sieving, no additional adjust
ment to I will be made for irrigated fields. Adjustments to I, 

Figure 502-2 Graphic ofknoll erodibility 
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erosion direction occurs here 

Knoll erodibility k 
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based on sieving, should not be used without adequate 
supporting data. These adjustments reflect specific soil and 
management conditions and are only applicable in the 
area(s) from which samples were obtained and in areas that 
have similar soil and management conditions. 

Use of adjusted soil erodibility I factor, arrived at by using 
standard rotary sieving procedures, is warran,ted provided it 
represents soil surface conditions during the ~ppropriate 
management period. Adjustments may be m~de up to, but 
should not exceed, limits assigned for crustihg in table 
502-2. 

The I factor adjustment may be used where applicable in 
determining whether an adequate conservation system is 
being followed. However, I factor adjustments are not to be 
used in the erodibility index (Clff) when determining 
highly erodible land because this index is the potential 
erodibility and not an estimate of actual erosion. 

Current instructions for the National Resources Inventory 
(NRI) are to be followed. These instructions do not allow 
for any adjustment of the I factor. This ensures uniformity 
between States and allows for trend analysis. 

Studies to adjust I should be made systematically and 
include all related soil in a given area. Multiple-year soil 
sieving data is required before adjustments are to be consid
ered. 

The National Soil Survey Center must review and concur in 
any proposal to adjust I and arrange for laboratory assis
tance. Adjustments to I must also be approved by the 
National Soil Survey Center and correlated across state and 
regional boundaries before implementation. Any adjustment 
to I must be within the framework of the existing E tables. 

Surface stability-A significant limitation ofthe I factor is 
that it does not account for changes in the soil surface over 
time that are caused by the dynamics of wind erosion. The 
erodibility of a bare soil surface is based on the interaction 
of the following: 

• Soils that have both erodible and nonerodible par
ticles on the surface tend to stabilize ifthere is no 
incoming saltation. As the wind direction changes, the 
surface is disturbed, or the wind velocity increases, 
erosion may begin again. 

• Saltation destroys crusts, clods, and ridges by abra
sion. 
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• Fields tend to become more erodible as finer soil 
particles, which provide bonding for aggregation, are 
carried off in suspension. 

• If the surface soil contains a high percentage of gravel 
or other nonerodible particles that are resistant to 
abrasion, the surface will become increasingly ar
mored as the erodible particles are carried away. 
Desert pavement is the classic example of surface 
armoring. A surface with only nonerodible aggregates 

\ 

exposed to the wind will not erode further except as 
the aggregates are abraded. 

• A surface may be virtually nonerodible and yet allow 
saltation and creep to cross unabated. A paved high-
way is an example. Other surfaces may be relatively 
stable and trap some, or all, ofzthe incoming soil 
flow. Examples of this type of stability usually relate 
to some roughness, sheltering, or vegetative cover. A 
ridged field may trap a significant portion of the 
incoming soil flow until the furrows are filled and the 
surface loses its trapping capability. A vegetated 
barrier will provide a sheltered area downwind until 
the barrier is filled with sediment. 

502.32 
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Soil roughness factor K, ridge and 
random roughness 

Krd is a measure of the effect of ridges made by tillage and 
planting implements. Ridges absorb and deflect wind 
energy and trap moving soil particles (fig. 502-3). 

The Kr value is based on a standard ridge height to ridge 
spacing ratio of I :4. Because of the difficulty of determin
ing surface roughness by measuring surface obstructions, a 
standard roughness calibration using nonerodible gravel 
ridges in a wind tunnel was developed. This calibration led 
to the development of curves (fig. 502-4 and exhibit 502-

Figure 502-3 Detachment, transport, and deposition on ridges 
and furrows 

Zone of 
accumulation 

Figure 502-4 Chart to determine soil ridge roughness factor, Krd, from ridge roughness, Kn (inches). Only this chart, representing an 
angle of deviation of 0°, will be used for the WEQ critical period procedure. When using the management period 
procedure, see exhibit 502-4 for graphs representing additional angles of deviation. Note: This graph represents erosive 
wind energy 60% parallel and 40% perpendicular to the prevailing erosive wind. -Hagen 1996 
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4) that relate ridge roughness, Kn to a soil ridge roughness 
factor, Krd· (Skidmore 1965; Skidmore and Woodruff 1968; 
Woodruff and Siddoway 1965; and Hagen 1996). 

The Kr curves are the basis for charts and tables used to 
determine Krd factor values in the field (exhibits 502-4 and 
502-5). The effect of ridges varies as the wind direction 
and erodibility of the soil change. To take into account the 
change in wind directions across a field, we consider the 
angle of deviation. The angle of deviation is the angle 
between the prevailing wind erosion direction and a line 
perpendicular to the row direction. The angle of deviation is 
0 (zero) degrees when the wind is perpendicular to the row 
and is 90 degrees when the wind is parallel to the row. 
Following is an example ofhow the angle of deviation 
affects Krd values: when evaluating a soil with an assigned I 
value of< 134, and the prevailing erosive wind direction is 
perpendicular to ridges 4 inches high and 30 inches apart, 

then Krd is 0.5. But when the prevailing erosive wind 
direction is parallel to those ridges, the Krd value is 0.7. 
Random roughness, particularly in the furrows, significantly 
reduces wind erosion occurring from erosive winds blowing 
parallel to the ridges. 

In 1996, ARS scientists provided a method for adjusting the 

WEQ Krd factor with consideration for preponderance 
(erosive wind energy 60% parallel and 40% perpendicular 
to prevailing erosive wind direction) when using the Man
agement Period Procedure. The use ofpreponderence 
recognizes that during the periods when the prevailing 
erosive winds are parallel to ridges, there are other erosive 
winds during the same period which are not parallel, thus 
making ridges effective during part of each period. Prepon
derance keeps the K factor value less than 1.0, when the I 
factor values are 134 or less. When estimating wind erosion 
rates by management periods, without the aid of a computer 
model, the prevailing wind erosion direction and a default 
preponderance are used for each period. This procedure 
more adequately addresses the effects of the ridges in wind 
erosion control since erosive wind directions may vary 
within each management period. 

Note: When using the WEQ Excel spreadsheet 
model, the actual preponderance, up to and including 
a value of 4, for the period will be used, rather than a 
default value. 

The WEQ Krr factor accounts for random roughness. 
Random roughness is the nonoriented surface roughness 
that is sometimes referred to as cloddiness. Random rough
ness is usually created by the action of tillage implements. 
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It is described as the standard deviation (in inches) of the 
soil surface elevations, measured at regular intervals from a 
fixed, arbitrary plane above a tilled soil surface, after 
oriented (ridge) roughness has been accounted for. Random · 
roughness can reduce erosion significantly. Note: The 
random roughness factor will only be used with the WEQ 
management period procedure. 

Random roughness values have been develoJed for various 
levels ofWEQ I factor values and surface nbtdom rough
ness (exhibit 502-6). Random roughnesscutves only adjust 
the K factors of a soil that has an I factor value of 134 and 
less. 

The random roughness values used in the WEQ are the 
same random roughness values used in RUSLE. Random 
roughness (inches) from the machine operations data base in 
RUSLE can be used to determine WEQ random roughness 
values (table 502-7). However, keep in mind that these 
RUSLE random roughness values were determined for 
medium textured soils tilled at optimum moisture conditions 
for creating random roughness. Under most circumstances 
random roughness is determined by comparing a field surface 
to the random roughness (standard deviation) photos in the 
RUSLE handbook (Agriculture Handbook 703, appendix C). 

The photos in Agriculture Handbook 703, appendix C, 
may be downloaded from: 

http://www.nrcs.usda.gov/technicai/ECS/agronomy/ 
roughness.htm1 

State agronomists should download, reproduce, and 
distribute the photographs to field offices. 

When both random roughness and ridge roughness are 
present in the field, they are complimentary. When both are 
present, the Krd factor for ridges and Krr factor for random 
roughness will be multiplied together to obtain the total 
roughness K-factor. 

Example problem: Take into consideration just one WEQ 
management period. The soil in the field being evaluated 
has an I value of 86. The field has just been fertilized with 
anhydrous ammonia using a knife applicator. Considering 
the height and spacing of the oriented roughness, the ridge 

roughness Krd factor was determined to be 0.8. Using 
table 502-7, under random roughness (inches), the anhy
drous applicator has a core value of0.6. Going into the ran
dom roughness (inches) graph (exhibit 502-6), on the hori-
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zontal axis to 0.6, and then vertically to the line represent
ing an I factor of 86, the Krr factor is rounded to 0. 8. The 
total roughness value (K factor) is 0.8 x 0.8 = 0.64, then 
rounded to 0.6. 

The major effects of random roughness on wind erosion are 
to raise the threshold wind speed at which erosion begins 
and to provide some sheltered area among the clods where 
moving soil can be trapped. Hence, when the effectiveness 
of,andom roughness increases the total K-value decreases. 

Random roughness, particularly in the furrows, significantly 
reduces wind erosion occurring from erosive winds blowing 
parallel to the ridges. 

Random roughness is subject to much faster degradation by 
rain or wind erosion than large tillage ridges. Therefore the 
WEQ management period, where random roughness is ef
fective, may be of short duration. 

For fields being broken out of sod, such as CRP, random 
roughness will be credited for erosion controL The field 
surface is usually covered with the crowns of plants, their 
associated roots, and adhering soil. The total random rough
ness of the field should be compared to the photos in the 
RUSLE handbook and credited appropriately. 

Surface roughening (emergency tillage)-In some situa
tions, there is a need to control erosion on bare fields where 
the surface crust has been destroyed or where loose grains 
are on the surface and can abrade an existing crust. One 
method to reduce the erosion hazard on such fields is emer
gency or planned tillage to roughen the surface or increase 
nonerodible clods on the surface (random roughness). This 
may be accomplished by one or more of the following: 

• Soil that characteristically forms a crust with loose 
sand grains on the surface may be worked to create 
clods. The loose grains fall into the crevices between 
clods. This is the principle of sand fighting used in 
some emergency tillage. 

• The soil may be deep tilled to bring up finer textured 
soil material that will form more persistent clods. 

• Irrigation increases the nonerodible fraction of a soil 
(exhibit 502-2). 

• The surface may be worked into a ridge-furrow 
configuration that will trap loose, moving soil. 

• The soil may be tilled in strips or in widely spaced 
rows to provide some degree of ridge and random 
roughness to break the flow of saltation and creep. 

502.33 
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Climatic factor, C 

The C factor is an index of climatic erosivity, specifically 
windspeed and surface soil moisture. The factor for any 
given location is based on long-term climatic data and is ex
pressed as a percentage of the C factor for Garden City, 
Kansas, which has been assigned a value of 100 (Lyles 
1983). In an area with a C factor of 50, for example, the 
IKC value would be only half ofthe IKC for Garden City, 
Kansas. 

The climatic factor equation is expressed as: 

where: 

vl 
C=34.48x--

2 (PE) 

C = annual climatic factor 
V = average annual wind velocity. 

PE = precipitation-effectiveness index of Thomthwaite 
34.48 = constant used to adjust local values to a common 

base (Garden City, Kansas) 

The basis for the windspeed term of the climatic factor is 
that the rate of soil movement is proportional to winds peed 
cubed. Several researchers have reported that when 
windspeed exceeds threshold velocity, the soil movement is 
directly proportional to friction velocity cubed which, in 
turn, is related to mean windspeed cubed (Skidmore 1976). 

The basis for the soil moisture term of the climatic factor is 
that the rate of soil movement varies inversely with the 
equivalent surface soil moisture. Effective surface soil 
moisture is assumed to be proportional to the Thornthwaite 
precipitation-effective- ness index (PE) (Thornthwaite 
1931). The annual PE index is the sum of the 12 monthly 
precipitation effectiveness indices. The formula is ex
pressed as follows: 

10 

PE= L"llsx[(r~w)]' 
where: 
PE = the annual precipitation effectiveness index 
p = average monthly precipitation 
T = averagemonthlytemperature 

The C factor isoline map developed by NRCS in 1987 can 
accessed at: 

http://data4.ftw.nrcs.usda.gov/website/c-values 
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Complete instructions for viewing the map are given in ex
hibit 502-8. The map displays C factors for all areas of the 
conterminous United States and Alaska. The isolines were 
drafted to conform with local C factors calculated from 
1951-80 weather data and were correlated across state and 
regional boundaries. Procedures for developing local C fac
tors are explained in exhibit 502-9. 

I. Interpolation ofWEQ climatic factors (C)- States 
may interpolate between county assigned C values to 
the nearest 5 units based on the National C Factor 
Isoline Map or the state C Factor lsoline Map in the 
Field Office Technical Guide (FOTG). When interpo
lating between values, knowledge of the local climatic 
and topographic conditions is extremely useful since 
climatic conditions can vary disproportionately 
between C factor value isolines. 

2. Where WEQ soil loss (E) tables have been developed 
with C factor increments greater than 5 units, a 
straight line interpolation to the nearest C factor value 
·of 5 may be made from existing E tables. Straight line 
interpolations can also be made from the soil losses 
(E) calculated with approved WEQ computer soft
ware, when C factors programmed into the model are 
in increments greater than 5 units. 

3. C factor interpolations are for the purpose of conser
vation planning only and are NOT to be used in 
determining or adjusting previous highly erodible 
land (HEL) designations. However, they may be used 
during status reviews to determine if an individual is 
actively applying a conservation system. Previous 
national policy, regarding the changing of prior HEL 
designations, remains in effect. 

Effects of irrigation water on the C factor-When irriga
tion water is applied to a dry soil surface, a reduction in 
wind erosion can be expected. A specific procedure to 
directly adjust the climatic factor C for irrigation is not 
available. However, a procedure has been developed by 
researchers to adjust the Erosive Wind Energy (EWE) by 
the fraction oftime during which the soil is considered wet 
and nonerodible because of irrigation. See 502.31 and 
exhibit 502-2. 

The procedures that follow adjust the Erosive Wind Energy 
(EWE) value which planners are to use when estimating 
wind erosion on irrigated fields. This adjustment is for the 
WEQ Management Period Procedure. States where wind 
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erosion is a concern should replace previous methods used 
to adjust for the effects of irrigation and utilize this proce
dure and the procedure for adjusting the I factor, for all 
plan revisions or new planning activities. This new proce
dure, however, does not impact designated highly erodible 
lands (HEL) or new determinations since management 
practices are not considered in the HEL formula. 

I 
Note: Irrigation adjustments to EWE and to1the I factor, 
apply to fully irrigated fields and to fields t~at receive 
supplemental irrigation water. . 

• Research scientists have developed an Irrigation 
Factor (IF) that adjusts the EWE or period erosion 
loss to account for the effect of irrigation wetting the 
soil surface and making it less erodible. The IF takes 
into account the number of days in a management 
period, number of irrigation events during a manage
ment period, and a Textun; Wetness Factor (TWF). 

• To account for the nonerodible wet condition of 
various soil textures after irrigation, a TWF of 1, 2, or 
3 is assigned to coarse, medium, and fine textured 
soil, respectively. See exhibit 502.2 for values as
signed to the various soil groups. 

• The IF is calculated with the following equation: 
IF = number of days in period minus (-) nonerodible 

wet days in period (NEWD), divided by the 
number of days in period. 
Nonerodible Wet Days (NEWD) are equal to 
the Texture Wetness Factor (TWF) times the 
number of irrigation events in the period. 

• When using the WEQ to account for the effects of 
irrigation, multiply the EWE for the period by the IF. 

• Example: A fine textured soil was irrigated three 
times during 45 days. Twelve percent of the annual 
EWE occurs during this period. Therefore: 

TWF = 3 for fine textured soil 
Number of irrigations during the period= 3 
NEWD = (3)(3) = 9 
IF= ( 45 days- 9)/45 = 0.80 

The adjusted EWE for 45 days is then determined by 
multiplying IF times the percentage of annual erosion 
wind energy during the period being evaluated. 

Adjusted EWE= (.80)(12%) = 9.6% 

Note: The EWE shall not be adjusted for any manage
ment period where irrigation does not occur. 

• The WEQ factors (C & I) used to determine the 
Erodibility Index (EI), will not be adjusted when 
determining highly erodible land (HEL) on cropland 
that is irrigated. 
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502.34 Unsheltered distance, L 

The L factor represents the unsheltered distance along the 
prevailing wind erosion direction for the field or area to be 
evaluated. Its place in the equation is to relate the isolated, 
unsheltered, and wide field condition of I to the size and 
shape of the field for which the erosion estimate is being 
prepared. Because V is considered after L in the 5-step so
lution of the equation (502.22), the unsheltered distance is 
al~ays considered as if the field wete bare except for veg
eta~ve barriers. 

1. L begins at a point upwind where no saltation or 
surface creep occurs and ends at the downwind edge 
of the area being evaluated (figure 502-5). The point 
may be at a field border or stable area where vegeta
tion is sufficient to eliminate the erosion process. An 
area should be considered stable only if it is able to 
trap or hold virtually all expected saltation and 
surface creep from upwind. If vegetative barriers, 
grassed waterways, or other stable areas divide an 
agricultural field being evaluated, each subdivision 
will be isolated and shall be evaluated as a separate 

Figure 502-5 Unsheltered distance L 

\ 
\ Stable area 

Isolated field 
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field. Refer to the appropriate NRCS Conservation 
Practice Standards to determine when practices are of 
adequate width, height, spacing, and density to create 
a stable area. 

2. When erosion estimates are being calculated for 
cropland or other relatively unstable conditions, 
upwind pasture or rangeland should be considered a 
stable border. However, ifthe estimate is being made 
for a pasture or range area, L should be determined 
by measuring from the nearest stable point upwind of 
the area or field in question (figure 502-6). The only 
case where L is equal to zero is where the area is fully 
sheltered by a barrier. 

3. When a barrier is present on the upwind side of a 
field, measure L across the field along the prevailing 
wind erosion direction and subtract the distance 
sheltered by the barrier. Use I 0 times the barrier 
height for the sheltered distance (figure 502-7). 

Figure 502--6 Unsheltered distance L, perennial vegetation 
-----• (pasture or range) 

Unsheltered distance "L" perennial 
vegetation (pasture or range) 

Figure 502-7 Unsheltered distaqnce L- windbreak or barrier 
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4. When a properly designed wind stripcroppingsystem 
is applied, alternate strips are protected during critical 
wind erosion periods by a growing crop or by crop 
residue. These strips are considered stable. L is 
measured across each erosion-susceptible strip, along 
the prevailing wind erosion direction (figure 502-8). 

The prevailing wind erosion direction is the direction from 
which the greatest amount of erosion occurs during the 
critical wind erosion period. The direction is usually ex-

. pressed as one of the 16 compass points. When predicting 
erosion by management periods, the prevailing wind ero
sion direction may be different for each period (exhibit 
502-7a). 

Preponderance is a ratio between wind erosion forces 
parallel and perpendicular to the prevailing wind erosion 
direction. Wind forces parallel to the prevailing wind 
erosion direction include those coming from the exact 
opposite direction ( 180°). A preponderance of 1.0 indicates 
that as much wind erosion force is exerted perpendicular to 
the prevailing direction as along that direction. A higher 
preponderance indicates that more of the force is along the 
prevailing wind erosion direction. Wind patterns are com
plex; low preponderance indicates high complexity and as a 
result, less wind will be from the prevailing erosive wind 
direction than locations that have a high preponderance. 

L can be measured directly on a map or calculated using a 
wind erosion direction factor: 

• For uses ofthe Wind Erosion Equation involving a 
single annual calculation, L should be the measured 
distance across the area in the prevailing wind erosion 
direction from the stable upwind edge of the field to 
the downwind edge of the field. When the prevailing 

Figure 502-8 Unsheltered distance L, stripcropping system 

\ 

Stable area 
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wind erosion direction is at an angle that is not per
pendicular to the long side ofthe field, L can be 
determined by multiplying the width of the field by the 
appropriate conversion factor obtained from table 502-3. 

• For management period calculations, wind erosion 
direction factors based on preponderance are to be 
used instead of a measured distance to1 determine L 
except I 

- Where irregular fields cannot be aJequately 
represented by a circle; square, or fectangle . 

- Where preponderance data are not available. 

Steps to determine L for management period estimates: 
1. Obtain local values for prevailing the wind erosion 

direction and preponderance (exhibit 502-?a). 
2. Measure actual length and width of the field and 

determine the ratio ofle!Jgth to width. 
3. Determine angle of deviation between prevailing 

wind erosion direction and an imaginary line 
perpendicular to the long side of the field. 

Using data from steps 1 through 3, determine the wind 
erosion direction factor from wind erosion direction factor 
tables, tables 502-8la-e. These are adjustment factors that 
account for prevailing wind erosion direction, preponder
ance of wind erosion forces, and size and shape of the field. 

Multiply the width of the field by the wind erosion direction 
factor. This is the L for the field. 

If a barrier is on the upwind side of the field, reduce L by a 
distance equal to 10 times the height of the barrier. 

For circular fields, L = 0.915 times the diameter, regardless 
of the prevailing wind erosion direction or preponderance. 

Table502-3 Wind erosion direction factors 11 

Angle of deviation ].1 

0 
22.5° 
45° 
67.5° 
900 

Adjustment factor 

1.00 
1.08 
1.41 
2.61 
L =Length of field 

II These adjustment factors are applicable when preponderance is not 
considered. L cannot exceed the longest possible measured distance 
across the field. 

21 Angle of deviation of the prevailing erosive wind from a direction 
perpendicular to tbc long side ofthc field. 
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502.35 Vegetative cover factor, V 

The effect of vegetative cover in the Wind Erosion Equa
tion is expressed by relating the kind, amount, and orienta
tion of vegetative material to its equivalent in pounds per 
acre of small grain residue in reference condition Small 
Grain Equivalent (SGe ). This condition is defined as 10 
inch long stalks of small grain, parallel to the wind, lying 
flat in rows spaced 10 inches apart, perpendicular to the 
w. i~d. Several crops have been tested in the wind tunnel to 
detqrmine their SGe. For other crops, small grain equiva
lency has been computed using various regression tech
niques (Armbrust and Lyles 1985; Lyles and Allison 1980; 
Lyles 1981; Woodruffet al. 1974; Woodruff and Siddoway 
1965). NRCS personnel have estimated SGe curves for 
other crops. SGe curves are in exhibit 502-10. 

Position and anchoring of residue is important. In general, 
the finer and more upright the residue, the more effective it 
is for reducing wind erosion. Knowledge of these and other 
relationships can be used with benchmark values to estimate 
additional SGe values. 

Research is underway to develop a method of estimating the 
relative erosion control value of short woody plants and 
other growing crops. · 

Several methods are used to estimate the kind, amount, and 
orientation of vegetation in the field. Often the task is to 
predict what will be in the field in some future season or 
seasons. Amounts of vegetation may be predicted from pro-
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duction records or estimates and these amounts are then re
duced by the expected or planned tillage. It may be desir
able to sample and measure existing residue to determine 
quantity of residue. Local data should be developed to esti
mate surface residue per unit of crop yield and crop residue 
losses caused by tillage. 

The crown of a plant, its associated roots, and adhering soil 
should also be credited when doing transects to determine 
residue cover. Employees will need to use their best judg
ment when deciding which crop curve to use when convert
ing from percent ground cover to mass and then selecting a 
curve to convert the residue mass to SGe. 

If you encounter a crop, residue, or a type of vegetation for 
which an SGe curve has not been developed. exhibits 502-
11 and 502-12 give procedures to develop an interim SGe 
curve. Any SGe curve developed in this way must be sub
mitted to the National Agronomists or the Cooperating Sci
entist for wind erosion for approval. 
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Subpart 502E 
erosion control 

502.40 General 

Wind Erosion 

Principles of wind 

Five principles of wind erosion control have been identified 
(Lyles and Swanson 1976; Woodruffet al. 1972; and 
Woodruff and Siddoway 1965). These are as follows: 

• Establish and maintain adequate vegetation or other 
land cover. 

• Reduce unsheltered distance along wind erosion 
direction. 

• Produce and maintain stable clods or aggregates on 
the land surface. 

• Roughen the land with ridge and/or random rough
ness. 

• Reshape the land to reduce erosion on knolls where 
converging windflow causes increased velocity and 
shear stress. 

The cardinal rule of wind erosion control is to strive to 
keep the land covered with vegetation or crop residue at all 
times (Chepi11956). This leads to several principles that 
should be paramount as alternative controls are considered: 

• Return all land unsuited to cultivation to permanent 
cover. 

• Maintain maximum possible cover on the surface 
during wind erosion periods. 

• Maintain stable field borders or boundaries at all 
times. 

502.41 Relation of control to WEQ factors 

The Wind Erosion Equation (WEQ) was developed to 
relate specific field conditions to estimated annual soil loss. 
Of the five factors, two (I and C) are often considered to be 
fixed while the other three (K, L, and V) are generally 
considered variable or management factors. This is not 
precisely true. 

The I factor is related to the percentage of dry surface soil 
fractions greater than 0.84 millimeters. Its derivation is 
usually based on the Wind Erodibility Group. 
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However, if a special management condition is going to be 
maintained, such as crusts or irrigation, a modification ofl 
is appropriate. Also, I is increased by a knoll erodibility 
factor where appropriate. See 50i.31. This adjustment is 
not appropriate if the knoll condition is modified through 
landforming or use of barriers to protect the knoll. 

Knoll erodibility adjustments to I relate to wi;nd direction; 
low preponderance indicates that knoll erodi~ility will vary 
widely as wind direction changes. / 

. ' 

Total K reflects the tilled ridge roughness and random 
roughness in a field. This is a management factor. Stability 
of tilled roughness is related, however, to soil erodibility, 
climate, and the other erosion factors. 

Ridge roughness relates to ridge spacing in the wind erosion 
direction. Even with optimum orientation of rows, some of 
the winds will be blowing parallel to the rows when prepon
derance is low. 

Random roughness relates to the nonoriented surface 
roughness that is often referred to as cloddiness. Random 
roughness is described as the standard deviation of eleva
tion from a plane across a tilled area after taking into 
account oriented (ridge) roughness. 

The C factor is based on long-term weather records. Con
servation treatment should be planned to address the critical 
climatic conditions when high seasonal erosive wind energy 
is coupled with highly erodible field conditions. 

The unsheltered distance L is a management factor that can 
be changed by altering field arrangement, stripcropping, or 
establishing windbreaks or other barriers. Lis a function of 
field layout as it relates to prevailing wind direction and 
preponderance of erosive winds in the prevailing direction. 

When preponderance values are high (more than 2.5 and 
approaching 4.0), conservation treatment should be concen
trated on addressing potential erosion from the prevailing 
wind erosion direction. 

When preponderance values are low (approaching 1.0), 
knowledge oflocal seasonal wind patterns becomes more 
important in planning treatment. Conservation treatment 
should be planned to allow for the effect of seasonal 
changes in the prevailing wind erosion direction. 

(190-V -NAM, 3rd Ed., October 2002) 502-17 
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A stable strip across an agricultural field divides the area 
into separate fields. Examples of stable areas include grass 
waterways, hedges and their sheltered area, brushy draws or 
ravines, roadways with grass borders, grass strips, and 
drainage or irrigation ditches. 

To be considered stable, an area must be able to stop and 
hold virtually all of the expected saltation and surface 
creep. Be aware that an area may be stable during one crop 
sta~e, but not stable in other seasons: 

V is the equivalent vegetative cover maintained on the soil 
surface. It is directly related to the management functions of 
crop establishment, tillage, harvesting, grazing, mowing, or 
burning. 

502.42 Tolerances in wind erosion control 

In both planning and inventory activities, NRCS compares 
estimated erosion to soil loss tolerance (T). T is expressed 
as the average annual soil erosion rate (tons/acre/year) that 
can occur in a field with little or no long-term degradation 
of the soil resource, thus permitting crop productivity to be 
sustained for an indefinite period. 

Soil loss tolerances for a named soil are recorded in the soil 
survey data base in NASIS. 

The normal planning objective is to reduce soil loss by 
wind or water toT or lower. In situations where treatment 
for both wind and water erosion is needed, soil loss esti
mates using the WEQ and USLE or RUSLE are not added 
together to compare toT. 

Additional impacts of wind erosion that should be consid
ered are potential offsite damages, such as air and water 
pollution and the deposition of soil particles. 

Crop tolerance to soil blowing may also be an important 
consideration in wind erosion control. Wind oi: blowing 
soil, or both, can have an adverse effect on growing crops. 
Most crops are more susceptible to abrasion or other wind 
damage at certain growth stages than at others. Damage can 
result from desiccation and twisting of plants by the wind. 

National 
Agronomy 
Manual 

Crop tolerance can be defined as the maximum wind ero
sion that a growing crop can tolerate, from crop emergence 
to field stabilization, without an economic loss to crop 
stand, crop yield, or crop quality. 

(a) Blowing soil effects on crops 
Some of the adverse effects of soil erosion and blowing soil 
on crops include: 

• Excessive wind erosion that removes planted seeds, 
tubers, or seedlings. 

• Exposure of plant root systems. 
• Sand blasting and plant abrasion resulting in 

crop injury 
crop mortality 

- lower crop yields 
lower crop quality 
wind damage to seedlings, vegetables, and 
orchard crops. 

• Burial of plants by drifting soil. 

(b) Crop tolerance to blowing soil or wind 
Many common crops have been categorized based on their 
tolerance to blowing soil. These categories of some typical 
crops are listed in table 502-4. Crops may tolerate greater 
amounts ofblowing soil than shown in table 502-4, but 
yield and quality will be adversely affected. 

(c) The effects of wind erosion on water quality 
Some of the adverse effects of wind erosion on water 
quiality include: 

• Deposition of phosphorus (P) into surface water 
• Increased Biochemical Oxygen Demand 

(BOD) in surface water 
• Reduced stream conveyance capacity because of 

deposited sediment in streams and drainage canals· 

Local water quality guidelines under Total Maximum Daily 
Loads (TDML) for nutrients may require that wind erosion 
losses be less than the soil loss tolerance (T) in order to 
achieve local phosphorus (P) or other pollutant reduction 
goals. 

For a phosphorus (P) intrapment estimation procedure, see 
the Core 4 manual, chapter 3C, Cross Wind Trap Strips. 

502-18 (190-V -NAM, 3rd Ed., October 2002) 



Exhibit 502-6 Random roughness factor, K..r, graph 
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Random roughness, std. deviation (inches) 

Graph to convert random roughness heights (standard deviation in inches) to WEQ K-subfactors for random roughness. K 
subfactors vary by I factors assigned to soil groups. 

Random roughness is defined as the standard deviation (in inches) ofthe soil surface elevations, measured at regular intervals 
from a fixed arbitary plane above a tilled soil surface, after oriented roughness has been considered. 

Random roughness photos and associated random roughness (standard deviation) values are in Predicting Soil Erosion by 
Water: A Guide to Conservation Planning With Revised Universal Soil Loss Equation (RUSLE), 1997, Agriculture Hand
book 703, appendix C, or can be downloaded at 

http:/www.nrcs.usda.gov/technicai/ECS/agronomy/roughness.html 

Table 502-6 Table converts random roughness heights (standard deviation in inches) to WEQ K subfactors (Krr) for random rough
ness. Krr values vary by I factors assigned to soil Wind Erodibility Groups. 

Random roughness (standard deviation, inches) 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

I Factors Krr values 

>134 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 l.OO 1.00 

134 l.OO 0.99 0.98 0.96 0.93 0.91 0.98 0.96 0.85 0.84 

104 l.OO 0.94 0.88 0.82 0.78 0.74 0.71 0.69 0.67 0.66 

86 l.OO 0.87 0.76 0.67 0.61 0.57 0.54 0.52 0.50 0.48 

56 or less l.OO 0.71 0.50 0.38 0.31 0.27 0.25 0.23 0.23 0.22 
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Exhibit 502-2 Wind erodibility groups and wind erodibil~ 
ityindex 

Soil . . I 
texture. 

c 

\ 
c 

c 

F 

M 

M 

M 

M 

EWE 
texture 
wetn~ 
factor 

. I 

3 

2 

2 

2 

2 

Predominant soil texture 
class of surface layer 

V cry fine sand, fine sand, 
sand, or coarse sand 

Loamy very fine sand, loamy fine sand, 
loamy sand, loamy coarse sand, sapric 
organic soil materials, and all horizons 
that meet andic 6 soil properties as per 
Criteria 2 in Soil Taxonomy, regardless 
of the fme earth texture 

Very fine sandy loam, fine sandy loam, 
sandy loam, coarse sandy loam, and 
noncalcareous silt loam with 35 to 50% 
very fine sand and< I 0% clay 

Clay, silty clay, non-calcareous clay loam, 
or silty clay loam with more than 35% clay 

Calcareous 7 loam and silt loam or 
calcareous clay loam and silty clay loam 

Non-calcareous loam and silt loam with 
more than 200/o clay (but docs not meet 
WEG 3 criteria), orlsandy clay loamlsandy 
clay, and hemic organic soil materials 

Non-calcareous loam and silt loam with 
more than 20% clay, or non-calcareous clay 
loam with less than 35% clay or silty clay 
loam with less than 35% clay 

Silt and fibric organic soil material 

Soils not susceptible to wind erosion 
because of surface rock and pararock 
fragments or wetness 

Wind 
Erodibiliiy 

Group 
(WEG) 3 

2 

3 

4 

4L 

5 

6 

7 

Soil 
Erodibility 
Index (I~ 5 (ton/aclyr) ' 

310
4 

250 
220 
180 
160 

134 

86 

48 

38 

Soil 
Erodibility 
Index (I) 

for irrigated 
soils 

4 (ton/ac/yr) 

310 
250 
220 
160 
134 

104 

56 

21 

21 REA 

'V._FA 
.Co"~er\Ja:-\< v~ 
I- V4. \ve. 

BJtJfesr 
f="dl Mo..-\er;4{ 

A((. orJ.; "~ +(,) $a,·l 
Svr\Jey, Go\J~,. Area.. 

----------~--------------------------------------------------------~~ 
II . Soil texture, C =Coarse; M =Medium; F =Fine 
2/ Texture wetness factor for adjustment of Erosive Wind Energy (EWE) for the period (Irrigated fields only). 
3/ For all WEGs except sand and loamy sand textures, if percent rock and pararock fragments (>2mm) by volume is 15-35, reduce I value by one group 

with more favorable rating. If percent rock and pararock fragments by volume is 35-60, reduce I value by two favorable groups except for sands and 
loamy sand textures which arc reduced by one group with more favorable rating. If percent rock and pararock fragments by volume is more than 60, usc 
I value of zero for all textures except sands and loamy sand textures which are reduced by three groups with more favorable rating. 

41 The wind erodibility index ·is based on the relationship of dry soil aggregates greater than 0.84 millimeters to potential soil erosion. Value for irrigated 
soils is applicable throughout the year. Values for irrigated soils determined by Dr. E.L. Skidmore, USDA, ARS, Wind Erosion Research Unit, Manhat-
tan, Kansas. . . 

51 The I factor for WEG I vary from 160 for coarse sands to 310 for very fine sands. Use an I value of 220 as an average figure. 
61 Vitrandic, Vitritorrandic. and Vitrxcrandic Subgroups with ashy textural modifiers move one group with less favorable rating. 
7/ Calcareous is a strongly or violently effervescent reaction of the fine-earth fraction to cold dilute (IN) HCL. 
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Figured-8 Flat small grain equivalents ofungrazed western wheatgrass, needleandthread, blue grama, and buffalograss mixtures 

10,000 .-----r----;--~....,..-....-~---;----;---r---r--:-~---r----;---;-----;--r...,...----:--,.....-,.....-""""\"'"-;---,....----..,-....,..--, 

8,000 1---~!---i·--+-
. 7,000 1-·-·-·--···-···-·-·ir··-,-·····--+·-·-

6,000 ............................... , ................... . 
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............ 1 ..... 
! 

···------·--·-·+·-··-:... 

......... , ................... +·········· .. ·+····-····.; j ' 

:.-:.e-r~.[ -·1 ! I I ...................... , ..................... , .............. , .......... , 
- .. L. ·..j- i---1.. -.., .................... + .................. , ............. ~-....... i 

! ' ! 

10 20 30 40 50 60 70 80 100 200 300 400 500 700 1,00 2,000 3,000 

Ungrazed mixtures of grass (lb/ac) 

Reference condition: Dry small grain stalks 10 inches long, lying flat on the soils surface in 10 inch rows perpendicul to wind direction, 
stalks oriented to wind direction. · 

Source: Lyles and Allison, 1980, Journal Range Management, 33(2), pages 143-146. 
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{L) 

UNSHELTERED 
DISTANCE 
IN FEET 
10000 

SUBPART G- EXHIBITS 

(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY, 199B 
c 30 

SURFACE - K =1.00 I = B6 
(V)** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE 

0 250 500 750 1000 1250 1500 1750 2000 2250 2500. 2750 3000 

25.B 21.5 15.7 10.3 
25.B 21.5 15.7 10.3 
25.B 21.5 15.7 10.3 
25.B 21.5 15.7 10.3 
25.5 21.3 15.6 10.2 

2.1 O.B 
2.1 O.B 
2.1 O.B 
2.1 O.B 
2.1 O.B 
1.9 0.7 

502.60(a) 

BOOO 
6000 
4000 
3000 
2000 
1000 

BOO 
600 
400 
300 
200 
150 
100 

20.2 14.7 9.6 
17.9 12.9 B.3 

20.6 17.1 12.2 7.B 
1B.3 15.1 10.7 6.7 
15.2 12.5 B.7 5.4 
13.5 11.0 7.6 4.6 
11.0 B.9 6.1 3.6 

5.1 
5.1 
5.1 
5.1 
5.0 
4.6 
3.9 
3.7 
3.1 
2.4 
2.0 
1.5 
1.1 
0.6 
0.4 

1.6 ~~~(;------
1.4 0.5 
1.2 

VMvL.CfJ.:: 31D;) 1 

VGp..A.~':.-; 21oOD I 
I 

\) 0rltl \/lA.\ve s r\p-t r~fft>\e"iel 
So v.. s~uMe \1-;;.. \"S"u0 · 

BO 
60 
50 
40 
30 
20 
10 

B.7 
6.5 
5.0 
3.B 
3.1 
2.3 
1.7 
1.0 

7.0 
5.1 
3.9 
3.0 
2.4 
1.B 
1.3 
0.6 

4.7 
3.4 
2.5 
1.9 
1.5 
1.1 
0.7 

2.7 
1.9 
1.3 
0.9 
0.7 
0.5 

0.9 
0.7 
0.3 
0.2 

(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY,. 199B 
c 30 

SURFACE - K =0.90 I = B6 
(L) (V)**·- FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE 

UNSHELTERED 
DISTANCE 
IN FEET 
10000 

0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 

BOOO 
6000 
4000 
3000 
2000 
1000 

BOO 
600 
400 
300 
200 
150 
100 

BO 
60 
50 
40 
30 
20 
10 

23.2 19.3 14.0 
23.2 19.3 14.0 
23.2 19.3 14.0 
22.9 19.1 13.B 
22.5 1B.7 13.5 
21.4 17.7 12.B 
1B.6 15.3 10.9 
17.5 14.4 10.2 
15.3 12.5 B.B 
13.3 10.B 7.5 
11.7 9.5 6.5 

9.2 7.4 5.0 
7.0 
4.9 
4.1 
3.0 
2.3 
l.B 
1.3 
O.B 

5.5 
3.B 
3.2 
2.3 
1.7 
1.4 
1.0 
0.5 

3.6 
2.4 
2.0 
1.4 
1.0 
0.7 
0.5 

9.1 
9.1 
9.1 
B.9 
B.7 
B.2 
6.9 
6.4 
5.4 
4.5 
3.B 
2.9 
2.0 
1.3 
1.1 
0.7 
0.5 

4.4 
4.4 
4.4 
4.3 
4.2 
3.9 
3.2 
2.9 
2.4 
2.0 
1.6 
1.2 
0.7 
0.4 
0.4 

l.B 
1.B 
l.B 
1.7 
1.7 
1.5 
1.2 
1.1 
0.9 
0.4 
0.3 
0.3 

0.7 
0.7 
0.7 
0.6 
0.6 
0.6 

* NOTE: SOIL LOSS FOR VALUES WHERE 'E' IS LESS THAN 0.1 OR GREATER THAN 
440.0 ARE NOT SHOWN; OTHER VALUES NOT SHOWN ARE INVALID 

** NOTE: VALUES SHOWN ARE FLAT SMALL GRAIN EQUIVALENT, NOT 'V' 
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Figurea-1 Flat small grain equivalents of small grain residue.(use for wheat, barley, rye, oats) 
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Small grain residue (lb/ac) 

Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpe dicular to wind direction, 
stalks oriented to wind direction. Residue is washed, air dried, and placed as described for the wind tunnel tests. 

Source: Lyles and Allison- Trans. ASAE 1981, 24 (2): 405408. 
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(L) 
UNSHELTERED 

DISTANCE 
IN FEET 
10000 

8000 
6000 
4000 
3000 
2000 
1000 

800 
600 
400 
300 
200 
150 
100 

80 
60 
so 
40 
30 
20 
10 

(L) 
UNSHELTERED 

SUBPART G- EXHIBITS 

(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY, 1998 
c 30 

SURFACE - K =1.00 I = 56 
(V) * * · - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE 

(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY, 1998 
c 30 

SURFACE - K =0.90 I = 56 
(V)** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE 

DISTANCE 0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 
IN FEET 
10000 15.1 12.4 

8000 15.1 12.4 
6000 15.1 12.4 
4000 14.3 11.7 
3000 13.7 11.2 
2000 12.8 10.4 
1000 10.5 8.5 
~00 9.4 7.6 
600 7.9 6.3 
400 6.1 4.9 
300 
200 
150 
100 

80 
60 
so 
40 
30 
20 
10 

4.8 
3.6 
2.5 
1.7 
1.4 
0.9 
0.8 
0.6 

3.8 
2.8 
1.9 
1.3 
1.1 
0.5 
0.4 
0.4 

8.7 
8.7 
8.7 
8.2 
7.8 
7.2 
5.8 
5.1 
4.2 
3.2 
2.4 
1.7 
1.2 
0.7 
0.6. 

5.3 2.4 0.9 
5.3 2.4 0.9 
5.3 2.4 0.9 
5.0 2.2 0.8 
4.7 2.1 0.7 
4.3 1.9 0.4 
3.4 1.4. 0.3 
3.0 1.2 0.3 
2.4 0.8 
1.7 0.6 
1.3 
0.8 
0.5 

0.4 

* NOTE: SOIL LOSS FOR VALUES WHERE 1 E 1 IS LESS THAN 0.1 OR GREATER THAN 
440.0 ARE NOT SHOWN; OTHER VALUES NOT SHOWN ARE INVALID 

* * NOTE: VALUES SHOWN ARE FLAT SMALL GRAIN EQUIVALENT, NOT 1 V 1 
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TABLE 15.--PH?SICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continue~ 
. '"' ,,, 

-~ rosion Wind 
' SoH name and Depth Clay Ferm~ab1lity Available Soil Salinity Shrink- factors erodi- Organic 

map symbol water reaction swell bil1ty matter 
capacitv IDotential. K T !~~:roup 

.!!!. Pet ll'1L.hr IlJL1n £!! Mmhos7cm ~ 

31•: 
6.6-8.4 0.43 Midway---------- 0-3 30-40 0.2-0.6 0.14-0.18 2-4 Moderate 1 4L .5.:2 

3-14 35-45 :>.06-0.2 o.l4-0.l8 7.4-9.0 2-8 High------ 0.43 
14 .. --- --- --- --- --- ---------- ----

32*. 33 1 : 

Denver---------- 0-6 27-40 0.2-0.6 0.16-0.20 6.6-7.8 <2 Moderate 0.28 5 4 2-4 
l 6-29 40-60 J. o6-o. 2 0.14-0.18 7.4-8.4 <2 High------ 0.28 I 

29-60 35-60 0.06-0.6 0.14-0.18 7.9-8.4 <2 High------ 0.28 I 
I I I I 

Kutch----------- 0-3 27-35 0.2-0.6 0.15-0.20 6.6-7.8 <2 High------ 0.321 2 6/ 2-4 
3-26 35-45 0.06-0.2 0.18-0.20 6.6-8;4 <4 High---~-- 0.24 
26 -- --- --- I --- --- --------- ---~\ 

Urban land. 

34•. 35'. 36•: • I I 6 •. 16-0.20 10.28 Denver------~--- 0-6 27-40 0.2-0.6 6.6-7.8 <2 Moderate 5 4 2-4 
6-29 40-60 0.06-0.2 0.14-0.18 7.4-8.4 <2 High------ 0.28 

29-60 35-60 0.06-0.6 0.14-0.18 7.9-8.4 <2 High------ 0.28 

Urban land. r . 
37--------------- 0-60 10-18 2.0-~.0 0,1()-0.13 6.1-7.3 <2 Low--..;----: 0.10 5 3 2-4 
Earcree 

38, 39----------- 0-33 8-18 6.0-20 0.03-0.05 6.1-7.3 <2 Low------- 0.10 5 8 2-4 
Earcree Variant 33-60 8-15 6.0-20 o. 03-0.05 6.1-7.3 <2 Low------.., 0.10 

: 
carcree Variant- 0-33 8-18 6.0-20 0.03-0.05 6.1-7.3 <2 Low-..: _____ 0.10 5 8 2-4 

33-60 8-15 6.0-20 0.03-0.05 6.1-7.3 <2 Low------- 0.10 

Venable--------- 0-5 . 15-25 0.6-2.0 0.18-0.20 6.1-7. 3 <2 Low------- 0.28 5 8 3-6 
5-43 18-35 0.6-2.0 0.16-0.18 6.1-7.3 <2 Low------- 0.28 

43-60. 10-20 2.0;..6.0 0.12-0.14 6.6-7.3 <2 Low-----:..- 0.20 ' 

41, 42----------- 0-9 28-40 0.2-0.6 0.17-0.2016.6-7.8 I <2 Moderate 0.24 51 4 . 2-4· 
Englewood 9-60 35-50 0.06-0.2 0.14-0.16 6.6-8.4 <2 High------ 0.28 

43--------------- 0-9 27-40 0.2-0.6 0.17-0.2016.6-7.3 <2 Moderate · 0.241 5, 4 2-4 
Englewood 9-47 40-50 o.o6-o. 2 0.14-0.16 6.6-7.8 <2 High------ 0.28 

47-60 28-45 

I 
0.06-0.6 0.14-0.17 7.4-8.4 2-4 High------' 0.28 

44•: 
Englewood------- 0-9 28-40 

I 
0.2-0.6 0.17-0.20 6.6-7.3 <2 Moderate 0.24 5 lj 2-4 

9-69 35-50 o.o6-o. 2 0.14-0.16 6.6-8.4 <2 High------ 0.28 

Urban land. 

45. 46, 47, 48, !,--.. 

(0 49-------------- 0-13 8-20 2.0-6.0 0.07-0.10 6.1-7.8 <2 Low-------~:~ II 5 2-3 
Flatirons 13-47 35-60 0.06-0.2 o.o8-o.1o 5.6-7.3 <2 Moderate 

47-60 20-35 0.6-2.0 0.08-0.10 6.1-7.8 <2 Low------ 0.05 
·--· so•. -

Fluvaquents I I 
51------------..; __ 0-5 20-27 I 0.6-2.0 0.18-0.21 6.6-7.8 I <2 Low------- 0.281 5 I 6 2-4 

Fond is 5-25 35-50 0.06-0.2 o. 15-0.18 6.6-7.8 <2 High------ 0•32 
25-60 30-40 0.2-0.6 0.16-0.18 7.4-8.4 <2 Moderate 0.32! I 52, 53----------- 0-25 8-20 6. 0-20 0.08-0.1016.1-7.3 <2 Low------- 0.15 5 8 ·2-4 

Garber Variant 25-60 5-18 6.0-20 0.05-0.07 6.1-7.3 <2 Low------- 0.101 I I I 
See footnote at end of table. 
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\JSOI-\ 
CoN'V£e..~\OJJ 

PARTICJ.-E SIZE DISTRIBUTION & ATTERJJERG LIMITS 

ASTM D421, J>4ZZ, J)4318 

PROJBCT NAMJ;: Rocky Fhm/F!eld & Lnb Testing/CO 

Af~-1 
SAMPCE ID: APR·l Depth (It): 

'~f. 

I' 

II 

s 

~ 
,~ 

TYPE: J31JJ,K 

l'' 2' I' ~w· ,\11\" .. .. o WM «O ·~o !1100 .:'~.J 

\IJU 

.. I YIJ 

I , 
-t----++++++-i-1--1----

\! 
80 

70 
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5() -

i ~ ~ 1\. 
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~ 
: 

-P- er- \} f.' 
-:-~ i 

~ 
' I I 

I 
i 

40 I 

~I) 

2n 

Ill : ! : f • 'L. T· ... ' : I ... -·· -1- .J 

. I ' ' ' )r \. L \,' ! I I J : i I _j I i i I i I i : : I ' : Ji 
0 l.i..uJ__L__I __ b_~..6.:~-"-'"; .... · "'":....:-_._-'----'-'""'-'-"-'--'-•--'---'· '..L.i_.__ --~-.u..t.. _,_ ..1~.---s..!..!.J_,_:...._.......,.____, __ _, 

JOIJQ :oc /).\ Q.OI 

Particle si:r,e In millfmc1·~.rs 

I t:our.oo I Pine I Conn< I 
ORAVJ;J. SAND I Flt<P.S 

I 
c: 
~ 

Conr.~e OrDYd 2S.Z2 X 
..,_ 

I" 

~ 
§ ,10 

Pine Oro~l 17.51 

Coanc:SMd Z.9H ! 
~ 
:l 21) ... 

Mt:<li•Jm Snnd 14.07 

I 10 

I l 
1 

I 1'\oe Snnd I 11-3ft 0 

0 19 
. 

JO 4ll lO GO 70 

l.lQIJlD!.ll'fiTI!.L) 

20 
~~(~~'"'~)--~-%~Pio~~-~---~-----, 

----------··-· ' 

1--~0~.0~23~~--~'0~.2-~ 
I).Cll3 9.8 J:inc,. ATTI:RBERG !.IM!TS 

sat., CJ~y I ll.M 0.009S 9,Z 

I 10.4 I ~9 17 O.IJIJG7 9.0 

o.oon 7.~ 

0.001 ~ 7.0 

r>ESCRII'TlON: Strong brown (7 .SS YR 5/6) clnyey gravel with san 

6 3%. G,R f\\1-EL. 
2(o~., SArvf) 

~ ~~ S \ L 1 
uses: Gc 5 <)/.:~ CLA "( 

Golder Associates J.nc. 
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\JS\)A 
(orJVE~~\arV 

PARTICLE SlZE DJ.STRJBlJTION & ATIERBERG LIMITS 
ASTM 1)421, 0422, D43HI 

PROJECT NAME: 
SAMPL610: 
TYPE: 

Roclty Ji'lllt.s!Fleld & Lllb Testing/CO 
t\l'R-Z 
BULK 

APR- 2 
Depth (ft): -

tl' l" r t• JW J/11" ~ •10 n2o ~40 n60 otoo n2oo 
11)1) 

90 
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&0 

n;., 70 

,. 
(>() H+~i~·~·--~+~-~~-+--~1++++~~----

n 
~ 

5<) 
l 

i 

II 
~f) 

g 
,HI 

10 

0 

lflfJO 0.01 Q,f)f)l 

,...... . -................... -----------·-· ..... . 

Coer" J 
CODDLE~ OMYF.I. 

Pnniclo Si•.: 

- t:lr."wlficcrjoo P="'B<' 

Cobbltll I IG.90 

I 

I 
OlaJ~Gro.••l 31.12 

Pine Grovel 1~.:13 

Cour.;o SIIJ'ld 1.77 

Mo<lidm Stmd 11.03 

11200 l'lne S1111d I ll.?l I 

Fin~. 

Sill or Cloy 

I
I I 

'-~~~~---~--~------~--------~ 

10.94 

J)f.'..SCfW>iiON: Srrong brown (7.55 YR 5(6) ci~yey grnvci with 5Dni 

uses: GC 

Mojlmn I Pill( I 

1 .. 

SAND I PII<RS 

. 
0~~~~·~--~~---+.--~---~--L-~--~~--~ 

=i l~ :~ lO .(r, ~.t; ~!J ir. P.O t>O !()~) \If> 

I.IQijfD t.INIT(I,t.) 

b 4t G~A\JSL 
2)/o ~ 1'\N{) 
L\% 5\l\ 

A TTERBER.G l..IMI'1'S 

rt 
! 17 j_ 21 i '2.70 ! 

TECH ii\ 

DATi!: 11/3!21J~~ 

RIWlJ;W ME\ 
fo 0/v CLA '{ 

L-----------------------------------------------------------~~------------------------~ 
Golder A~sodates Inc. 



January-05 043-2246.000• 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM 0421, 0422, 04318 cuP--z 

PROJECT NAME: Rocky Flats/Field & Lab Testing/CO 

SAMPLEID: CUP-2 Depth (ft): -
TYPE: BULK 

12" 3". 2" I" 3/4" 3/8" #4 #10 #20 #40 #60 #100 #200 

100 -·, 
II I 

90 

(be A, 1\~ 
80 

t\fo "' % 70 

~ 
p 60 
a 

s~ d I s 
50 

i" 

! \ 40 

lllf', 
~ 

"' g 
30 I 

1~% 
<l 

r-r-r--.... 
20 r-

\b% 
i-- .... 

10 TI 
0 

1000 100 10 I 0.1 O.QI 0.001 

Particle size in millimeters 

Coanc I Fine leoancl Medium Fine I Sill or Clay 

COBBLES GRAVEL SAND I FINES 

Particle Size Particle Size 

(mm) %Passing Classification Percentage 
.----

12.0" 304.8 100.0 PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 Vu-L 
6.0" 154.2 100.0 v A· line 

~ / .8 6.0" 154.2 100.0 E so 
/ ::s 

3.0" 75.0 100.0 v ;z 
"0 

1.5'' 37.5 100.0 ~ / CH« OH / a 
:l 1.0" 25.0 100.0 ·Coarse Gravel 0.00 :>< 40 v ,J::; lol 

"' 0.75" 19.0 100.0 = I/ / "' ~ 
" i:: > 0.375" 9.5 98.3 30 
" Ci'i 

#4 4.8 84.5 Fine Gravel 15.51 u I/ v ] i= MHo OH 

#10 2.00 71.3 Coarse Sand 13.18 "' "0 < 
§ ..l 20 v CLorV 
"' 

#20 0.85 59.1 ... 
vi #40 0.43 48.4 Medium Sand 22.94 /I ::i 

#60 0.25 41.0 10 
/ VMLt #100 0.15 35.2 :/ CL.ML / 

L...- #200 0.075 29.3 Fine Sand 19.02 0 
: I 

(mm) %Finer 0 10 20 30 40 so 60 70 80 90 100 110 

.---- LIQUID LIMIT (LL) 

"' 
0.036 26.4 

·;;; 
0.023 25.0 ;., 

0! c 0.013 23.7 Fines ATTERBERG LIMITS 
< 
~ 0.0095 22.0 Silt or Clay 29.34 M. LL PL PI SpG 

E 0.0068 20.2 I - I so I 18 I 32 1- I e 
"0 0.0033 18.4 ;., 

2~~\> Corv...;~. I :c 
0.0014 15.4 

'--- Lp% ~c-....-,J. 
DESCRIPTION: Moderate yellowish brown (IOYR 4/4) clayey sand TECH MKS 

with gravel \t~\1 51 l-+ DATE 1/31/2005 

uses: sc !{:, 0; C.k..; REVIEW MB 
/o 

I 

Golder Associates Inc. 



January-05 043-2246.000 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 

P--3 ASTM D42l, D422, D4318 Cu 
PROJECT NAME: Rocky Flats/Field & Lab Testing/CO 
SAMPLEID: CUP-3 Depth (ft): -
TYPE: BULK 

120 140 #60 #100 #200 

100 

I 
- I 

I I 90 

G;. In L r--..._ 

80 I 1'\. 

13% ~I 
% 70 

['... 

"\ 
p 60 
a ~ I 

I 
s 

50 
SP i\ I 

s 

I 
.. I'\ I 

i 
n 40 

g ~ 30 

"Z3'% +- --- ~-··~-- ---··---··· ... -- -- - -- - .. - ~- ...... ,..,_ ___ ····--· •... .. ~ ~ ... ----·-· ------ -------··--- .. -
'~-e-20 r 

l'oY, -
~I --:-r--------:---- - -- --r-- ----· I~ -10 l.-1. 

0 

1000 100 10 I 0.1 O.DI 0.001 

Particle size in millimeters 

I Coarse Fine I eo. ... I Medium I Fine I Silt or Clay I 
COBBLES GRAVEL SAND I FINES 

Particle Size Panicle Size 

(mm) %Passing Classification Percentage -
12.0"" 304.8 100.0 PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 

V v-•~ I/ 6.0" 154.2 100.0 
A·lilw 

~ / ..!l 6.0" 154.2 100.0 E so 
::l 

3.0" 75.0 100.0 v v :z ., 
1.5" 37.5 100.0 g / CH<W P"L c 

"' "' 1.0" 25.0 100.0 Coarse Gravel 0.00 ~ 40 v -~ "" Q / / "' 0.75" 19.0 100.0 ~ "' u 
i= > 0.375" 9.5 98.3 30 u 

c;; 
#4 4.8 85.3 Fine Gravel 14.73 u 1/ • Vi ] ~ MHo OH 
#10 2.00 73.0 Coarse Sand 12.26 "' ., < 

3 _, 20 

/ CLorV #20 0.85 59.9 ... 
"' vi #40 0.43 48.1 Medium Sand 24.86 / ::i 10 #60 0.25 40.1 / v 

#100 0.15 33.2 :/ CL,. Mi. /

1 

Ml<WflL 

- #200 0.075 27.2 Fine Sand 20.91 0 . I I 
(mm) %Finer 0 10 20 30 40 so 60 70 80 90 100 110 - LIQUID LIMIT (LL) 

-~ 
0.037 21.5 

>. 0.023 20.2 ... c 0.013 19.8 Fines A TIERBERG LIMITS < 
~ 

0.0096 19.4 Silt or Clay 27.24 M, LL PL PI SpG tl 
E 0.0067 18.6 I - I 44 I 17 I 27 1- I E ., 

0.0033 16.5 >. 

2.1'/~G,ro..\Je.. \ :r: 
0.0014 14.9 

- S'\l 'Jo So." J 
DESCRIPTION: Moderate yellowish brown (IOYR 5/4) clayey sand -=t"t Sl I~ TECH MKS 

r, 
DATE 112912005 

uses: sc \b% U"--t REVIEW MB 

Golder Associates Inc. 
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LANDFILL ENGINEERING- FINAL DESIGN 
SURFACE WATER MANAGEMENT SYSTEM ASSESSMENT 



APPENDIXD 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
ACCELERATED ACTION DESIGN FOR THE ORIGINAL LANDFILL 

LANDFILL ENGINEERING- FINAL DESIGN 
SURFACE WATER MANAGEMENT SYSTEM ASSESSMENT 

MAY 11,2005 

Prepared by: 

Earth Tech, Inc. 
5575 DTC Parkway, Suite 200 
Englewood, Colorado 80111 

(303) 694-6660 

This calculation was performed by Earth Tech, Inc. Although each sheet composing this calculation may or 
may not be initialed, it has nonetheless been reviewed and checked. 

Prepared By: RA Date: 5111105 

Checked By: RT Date: 5111/05 

Approved By: RT Date: 5/11105 
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5575 DTC Parkway, Suite 200 
Englewood, Colorado 80111 

Project: RFETS - Original Landfill Accelerated Action Project No. 57378.6020 

Subject: Landfill Engineering -Surface Water Management System Assessment 

By: RA Date: 5/11/05 Chk By: =RT""'---- Date: 5/11/05 App By: =R~T __ _ 

1.0 INTRODUCTION 

Sheet D1 

Date: 5/11105 

Date: 5/11/05 

This Surface Water Management Plan was developed to address potential storm water imparts the Original 
Landfill Accelerated Action may have to the surrounding area. ; 

I 
This Plan addresses two elements: 

1. Surface water control structures that will be required to adequately convey the run-on to and run-off from 
the Original Landfill due to a 100-year 24-hour storm event with freeboard capacity to handle the 
1000-year 24-hour storm event. 

2. Reduce sediment transport following construction while the landfill area is disturbed. Once vegetation is 
established, conditions will be similar to surrounding areas. 

2.0 LANDFILL DESCRIPTION, LOCATION AND DRAINAGE 

The Original Landfill site is located south of RFETS Buildings 440 and 460, along the north hillside of a ravine in 
the Woman Creek drainage area, extending from approximate Elevation 6,040feet at the top to Elevation 5,950 feet 
at its base. Waste operations began in the early 1950s and continued through 1968. The Original Landfill site 
footprint has a maximum length along the east-west direction of approximately 1,700 feet, and approximately 
500 feet in the north-south direction, with an approximate area on the order of 20 acres. 

Due to the canyon-fill nature of the Original Landfill, minimal surface water run-on is expected to occur. Run-off 
from the cover will be controlled by the construction of 7 diversion berms which route water to lined channels on 
the west and east side. The berms were spaced no greater than 150 feet to limit sediment transport from the cover 

. to the side channels. To reduce erosion on the buttress sideslope, without using permanent erosion controls, 
diversion berms spaced no greater than 30 feet apart (see Appendix C) have been designed. The proposed surface 
water management plan is shown on Attachment 1 

3.0 REFERENCES 

The surface water management system for the Original Landfill was evaluated using guidelines provided in the 
following documents: 

1. "SEDCAD 4 for Windows 95/98 & NT". Design Manual and User's Guide. 2001. 

2. "Regulations Pertaining to Solid Waste Disposal Sites and Facilities" (Regulations), 6 CCR 1007-2, 
Colorado Department of Public Health and Environment. 

3. "Urban Storm Drainage Criteria Manual" (Drainage Manual), Denver Urban Drainage and Flood Control 
District. 
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Project: RFETS - Original Landfill Accelerated Action Project No. 57378.6020 

Subject: Landfill Engineering - Surface Water Management System Assessment 

By: RA Date: 5/11105 Chk By: =RT..:._ __ Date: 5/11/05 App By: R=T..:.-__ 

SheetD2 

Date: 5/11/05 

Date: 5/11105 

4. "Erosion Control Materials Design Software Version 4.2 for Windows". North American Green (NAG). 
2002. 

4.0 DESIGN CRITERIA 

\
The attached model was used to evaluate the existing drainage characteristics at the Original Landfill and to size 
appropriate drainage structures for the Original Landfill. Evaluation and design of the Original Landfill surface 
water control system will meet the following design criteria: 

1. Collect and control surface water run-on flow onto the closed landfill as a result of the 100-year 24-hour 
storm event with freeboard capacity to handle the 1000-year 24-hour storm event; 

2. Collect and control surface water run-off from the landfill as a result of the 100-year 24-hour storm event 
with freeboard capacity to handle the 1000-year 24-hour storm event; 

3. Comply with any provisions of the RFETS storm water discharge permit requirements including 
reduction of sediment transport; · 

4. Minimize site erosion; 
5. Protect the integrity and effectiveness of the landfill cover; and 
6. Minimize surface water management post-closure maintenance requirements. 

5.0 HYDROLOGIC AND HYDRAULIC DESIGN APPROACH 

The design process used to locate and size the surface water management structures at the Original Landfill is as 
follows: 

1. .The goal of the surface water management structures is to reduce the sediment delivered to Woman 
Creek from the disturbed areas or roughly the area between the west and east channels. The areas 
outside the channels will remain in native-type condition and the sediment currently generated from these 
native areas will not change after construction. The first step is to therefore place enough diversion 
berms on the cover to create smaller subwatersheds where sediment can be contained on the cover. The 
sediment will be controlled within the diversion berms with the use of removable geosynthetic check 
dams. It was determined that 10 diversion berms are needed to reduce sediment based on the 25-year 
24-hour storm. 

2. The 100-year 24-hour storm is then modeled to calculate the required height of the diversion berm and 
the channels which route the diversion berm water below the buttress fill. . . 

3. The peak flows are modeled with NAG software to determine the required diversion berm and channel 
lining as well as the maximum slope and minimum bend radius of the channels. 

4. The 1 000-year 24-hour event is then modeled to check the freeboard capacity of the structures. 

As shown in Attachment 1, overland flow is greater than 200 feet in the southern portion but the gradual slope at 
the top of the buttress fill reduces erosion. A check using the RUSLE shows that 220-feet of overland flow at 5% 
results in 1.50 tons/acre/year and 225-feet of overland flow at 2.75% results in 0.82 tons/acre/year (bare 
conditions - RFA prior to mature state). The top of the buttress will be lined with NAG C125 erosion mat 
following construction further reducing erosion. 

SEDCAD4 software was used for surface water modeling at the Original Landfill. SEDCAD uses the National 
Resource Conservation Service (NRCS) approach for rainfall distribution and the NRCS curve number/unit 



A 
p 
p 
e 
n 
d 
I 
X 

D 



EARTH@T I! C H 

A 'tqi::D INTERNATIONAt LTC. c;oMMNY 

5575 DTC Parkway, Suite 200 
Englewood, Colorado 80111 

SheetD4 

Project: RFETS- Original Landfill Accelerated Action Project No. 57378.6020 Date: 5/11105 

Subject: Landfill Engineering -Surface Water Management System Assessment 

By: RA Date: 5/11105 · Chk By: ~R"'"T __ _ Date: 5/11105 App By: =R.:...T __ _ Date: 5/11/05 

Table D-1 
Ori~ inal Landfill - Structure Design 

MW~m MW~m 
Structure Slope Shape Bend Sideslopes Height or Permanent Temporary 

i\ Lining Lining 
~~--~--~--;-----~~--------r-~R~a~d~i~us~+-~~~~~~+-~D~e~p1th~-r----------~~------~ 

West Diversion 2% Triangular 5 feet 5.6H:1V Uphill 3 feet Grass Erosion Mat 
Berm 1 3H:1V Downhill (NAG C125) 

West Diversion 2% Triangular 5 feet 5.6H:1V Uphill 3 feet Grass Erosion Mat 
Berm2 3H:1VDownhill (NAGC125) 

West Diversion 2% 5 feet 5.6H:1V Uphill 3 feet Grass Erosion Mat 
Berm3 Triangular 3H:1VDownhill (NAGC125) 

West Channel 

East. Diversion 
Berm 1 

East Diversion 
Berm2 

East Diversion 
Berm3 

East Diversion 
Berm4 

East Channel 

Typical 
Downstream 

Channel 
Buttress Diversion 

Berm 1 
Buttress Diversion 

Berm2 
Buttress Diversion 

Berm3 

Trapezoidal 
2-12% Min. 10-foot 105 feet 

bottom 

2% Triangular 5 feet 

2% Triangular 5 feet 

2% Triangular 5 feet 

2% Triangular 5 feet 

Trapezoidal 
2-12% Min. 18-foot 200 feet 

bottom 

33% Triangular NA 

3.5% Triangular 5 feet 

3.5% Triangular 5 feet 

3.5% Triangular 5 feet 

3H:1V 

5.6H:1V Uphill 
3H:1V Downhill 

5.6H:1V Uphill 
3H: 1 V Downhill 
5.6H:1V Uphill 
3H: 1 V Downhill 
5.6H:1V Uphill 

3H: 1 V Downhill 

3H:1V 

3H:1V 

1H:1V 

1H:1V 

1H:1V 

2 feet 

3 feet 

3 feet 

3 feet 

3 feet 

2 feet 

3 feet 

3 feet 

3 feet 

3 feet 

Erosion Mat 
(NAG P550) 

Grass 

Grass 

Grass 

Grass 

Erosion Mat 
(NAG P550) 

Erosion Mat 
(NAG C125) 

Grass 

Grass 

Grass 

Erosion Mat 
(P550)/ 
Grass 

Erosion Mat 
(NAG C125) 

Erosion Mat 
(NAG C125) 
Erosion Mat 
(NAG C125) 
Erosion Mat 
(NAG C125) 
Erosion Mat 

(P550)/ 
Grass 

Grass 

Erosion Mat 
(NAG C125) 
Erosion Mat 
(NAG C125) 
Erosion Mat 
(NAG C125) 

Sediment reduction load was determined by placing the minimum amount of check dams within the diversion 
berm until the downstream dams overtop. The following was calculated based on five check darns in each 
diversion berm. Values are a minimum and more can be placed per berm in accordance with manufacturer's 
recommendations. 

Area 

West Subwatersheds 
East Subwatersheds 
Buttress Sideslope 

Table D-2 
Original Landfill - Check Dam 

Sediment Load without Sediment Load with 
Check Dams Check Dams 

9.5 tons 3.0 tons 
9.0 tons 2.7 tons 
10.0 tons 2.0 tons 

Minimum Check 
Dam Spacing · 

130 feet 
200 feet 
130 feet 
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5.2 1000-YEAR 24-HOUR STORM 

SheetD5 

Date: 5/11/05 

Date: 5/11/05 

To determine if the freeboard capacity of the 100-year 24-hour storm is sufficient to handle the 1000-year 24-hour 
storm, the design was conducted with a rainfall depth of 6.4 inches. The output is provided in ..f\ttachment 2. A 
summary of the findings is found in the following table: 

Table D-3 
Original Landfiii-1000-Year 24-Hour Comparison 

100-Year Flow 1000-Year Flow 
Structure Depth with Depth without 

Freeboard (ft) freeboard (ft) 

West Diversion Berm 1 2.49 1.60 
West Diversion Berm 2 2.64 1.75 
West Diversion Berm 3 2.53 1.64 
West Channel 1.46 0.54 
East Diversion Berm 1 2.67 1.79 
East Diversion Berm 2 2.67 1.79 
East Diversion Berm 3 2.67 1.79 
East Diversion Berm 4 2.67 1.79 
East Channel 1.44 0.53 
Buttress Diversion Berm 1 2.38 1.48 
Buttress Diversion Berm 2 3.09 2.24 
Buttress Diversion Berm 3 3.05 2.19/ 

As shown in Table D-3, the design based on the 100-year 24-hour storm with freeboard is sufficient to handle 
surface water from the 1000-year 24-hour storm for the diversion berms and the channels: 

6.0 CONCLUSIONS 

Surface water management features required at the Original Landfill to achieve the design criteria listed in Section 
4.0 include the following: 

• Ten diversion berms with check dams to capture overland flow, reduce sediment load, and route it to 
channels. 

• A permanent erosion control lined channel on the west to convey stormwater to below the buttress fill. 
• A permanent erosion controVvegetation lined channel on the east to convey stormwater to below the 

buttress fill. 

L:\wor/t\57378\Wor/N'roducfiOLF\Fina/ Dtsign\ApptndictMpp<ndix D- Suifact Watet\Final- Apptndix D.doc 
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hydrograph to predict peak flows. The NRCS Storm Type Distributions are considered very conservative leading 
to higher peak flows than almost any actual measured storm (SEDCAD 4 User's Manual). 

Input into the SEDCAD software include: 

• A 100-year 24-hour design storm according to the Regulations; 
• A 1000-year 24-hour design storm to check freeboard capacity; 
• An NRCS Type II storm; 
• A rainfall depth of 5.0 inches according to the Drainage Manual for the 100-year 24-hour storm and 

6.4 inches for the 1000-year 24-hour storm and 3.25 for the 25-year 24-hour storm; 
• A conservative NRCS curve number of 86; and, 
• A medium hydrograph response. 

NAG software calculates flow depth, velocity, and hydraulic radius using the continuity equation (Q=VA) and 
Manning's equation. Once these are known, the shear stress on the lining material is calculated including any 
channel bend. 

5.1 SURFACEWATERDESIGNRESULTS 

The design is organized into nine models: 

• West channel sediment reduction; 
• West channel100-year 24-hour design; 
• West channel1000-year 24-hour check; 
• East channel sediment reduction; 
• East channellOO-year 24-hour design;, 
• East channel 1000-year 24-hour check; 
• Buttress sediment reduction; 
• Buttress sideslope 100-year 24-hour design; and, 
• Buttress sideslope 1000-year 24-hour design. 

Please see Attachment 1 for the SEDCAD models and Attachment 2 for NAG results. Since the west 
subwatersheds are similar, the sediment reduction model to space the check dams is based on only one of the 
watersheds. The same methodology was used on the east side. Results are summarized in the following table. 
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u wa ers. e ~ roo_gy Dt7. e a1: 
SWSArea 

Time of 
Musk K Curve Peak Runoff 

Stru sws Cone Musk X UHS Discharge Volume 
# # (ae) (hrs) Number 

(hrs) (cfs) (ae-ft) 

#1 . 1 0.460 0.018 0.000 0.000 86.000 M 1.47 0.072 

~ 0.460 1.47 0.072 

#2 ~ 0.460 1.47 0.072 

#3 1 0.460 0.018 0.000 0.000 86.000 M 1.47 0.072 

~ 0.920 2.94 I 0.144 , 
I 

#4 L 0.920 2.94 1 0.144 

#5 1 0.460 O.Q18 0.000 0.000 86.000 M 1.47 0.072 

L 1.380 4.41 0.216 

#6 L 1.380 4.41 0.216 

#7 1 0.460 O.Q18 0.000 0.000 86.000 M 1.47 0.072 

L 1.840 5.88 0.288 

#8 L 1.840 5.88 0.288 

#9 1 0.460 O.D18 0.000 0.000 86.000 M 1.47 0.072 

L 2.300 7.35 0.360 

#10 L 2.300 7.35 0.360 

#11 L 2.300 7.35 0.360 

1\ t !lff (_ • 'J~~\N\~rJI __ ~ 
SubwatersherJ Secltmentology Detaily -_ts\l ~\rJATt: (LsH 

~~~ ~ IU 
p Peak 

Stru sws Sediment s iment Settleable 24VW 

# Soil K L (ft) s (%) c p PS # Cone. Cone # (tons) (ml/1) 

r-'- (mg/1) (ml/1) 

#1 1 0.283 130.00 18.00 0.0700 0.9850 1 t 1.9 } 40,772 29.95 2.67 --
L 1.9 40,772 29.95 2.67 

#2 L 1.9 40,772 29.95 2.67 

#3 1 0.283 130.00 18.00 0.0700 0.9850 1 1.9 40,772 29.95 2.67 

~ 2.0 22,515 15.33 1.36 

#4 L 2.0 22,515 15.33 1.36 

#5 1 0.283 130.00 18.00 0.0700 0.9850 1 1.9 40,772 29.95 2.67 

.L 2.2 16,363 10.40 0.92 

Filename: West berm final.sc4 Printed 03-18-2005 



SEDCAD 4 for Windows 

Stru sws 
# # 

#6 L 
#7 1 

L 

#8 L 
#9 1 

L: 

flO L 

#11 L 

Stru sws 
# # 

#1 1 

#1 1 

#3 1 

#3 1 

#5 .1 

#5. 1 

#7 1 

#7 1 

#9 1 

#9 1 

Peak Peak 
Sediment Sediment Settleable 

Soil K L(ft) S(%) c p PS# Cone. Cone (tons) 
(mg/1) (ml/1) 

2.2 16,363 10.40 

0.283 130.00 18.00 0.0700 0.9850 1 1.9 40,772 29.95 

2.7 14,806 9.15 

2.7 14,806 9.15 

0.283 130.00 18.00 0.0700 0.9850 1 1.9 40,772 29.95 

3.0 13,202 7.87 

3.0 13,202 7.87 

I 
3.0 13,202 7.87 

lOlA\... sr.:n w\o Ot\,N\~ :; \.,(s-): q.s -.J)oui ~e.L\.. cAt.t~~ 
lolA\.-- 1..J 11r1 OA.(\1\!::. -:. "3 

Subwatershed Time of Concentration Details: 

2 

24VW 

(ml/1) 

0.92 

2.67· 

0.81 

0.81 

2.67 

0.69 

0.69 

0.69 

Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

Time (hrs) (ft) (ft) (fps) 

3. Short grass pasture 18.00 23.40 130.00 3.390 0.010 

8. Large gullies, diversions, and low 
2.00 2.60 130.00 4.240 0.008 

flowing streams 

Time of Concentration: 0.018 

3. Short grass pasture 18.00 23.40 130.00 3.390 0.010 

8. Large gullies, diversions, and low 
2.00 2.60 130.00 4.240 0.008 

flowing streams 

Time of Concentration: 0.018 

3. Short grass pasture 18.00 23.40 130.00 3.390 0.010 

8. Large gullies, diversions, and low 
2.00 2.60 130.00 4.240 0.008 

flowing streams 

Time of Concentration: 0.018 

3. Short grass pasture 18.00 23.40 130.00 3.390 0.010 

8. Large gullies, diversions, and low 
2.00 2.60 130.00 4.240 0.008 

flowing streams 

Time of Concentration: 0.018 

3. Short grass pasture 18.00 23.40 130.00 3.390 0.010 

8. Large gullies, diversions, and low 
2.00 2.60 130.00 4.240 0.008 

flowing streams 

Time of Concentration: 0.018 
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General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr- 24 hr 

\ 
Rainfall Depth: 5.000 inches 

Filename: West 3 berms no sed.sc4 Printed 03-23-2005 
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Structure Networking: 
Type I 

Stru (flows Stru 

I 
Musk. K. 

Musk. X I Description # into) # (hrs) 

Channel #1 ==> #5 0.032 0.417 

Channel #2 ==> #5 0.032 0.417 

Channel #3 ==> #5 0.032 0.417 

Channel #5 ==> #6 0.000 0.000 

Null #6 ==> End 0.000 0.000 

~ 
#3 

Chan'/ 

~ 
#2 

Chan'/ 

~ 
#1 

Chan'/ 

~ 
#5 

Chan'/ 

#6 

Null 

Structure Routing Details: 
Stru 

Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

Time (hrs) 
# (ft) (ft) (fps) 

#1 
8. Large gullies, diversions, and low 

8.00 80.00 1,000.00 8.48 0.032 
flowing streams 

#1 Muskingum K: 0.032 

#2 
8. Large gullies, diversions, and low 8.00 80.00 1,000.00 8.48 0.032 
flowing streams 

#2 Muskingum K: 0.032 

#3 
8. Large gullies, diversions, and low 

8.00 80.00 1,000.00 8.48 0.032 
flowing streams 

#3 Muskingum K: 0.032 

Filename: West 3 berms no sed.sc4 Printed 03-23-2005 
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Structure Summary: 
Immediate Total 

Peak 
Total 

Contributing Contributing 
Discharge 

Runoff 
Area Area Volume 

(ac) (ac) (cfs) 
(ac-ft) 

#3 1.700 1.700 9.76 0.49 

#2 2.300 2.300 13.21 0.66 

#1 1.500 1.500 8.61 0.43 

#5 1.000 6.500 37.33 1.88 

\ 
#6 0.000 6.500 37.33 1.88 
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Structure Detail: 
Structure #3 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

Left Right Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Ratio Ratio 
Classes Depth (ft) 

3.0:1 5.6:1 2.0 

Vegetated Channel Results: 

Stability 

Class D w/o 
Freeboard 

Design Discharge: 9.76 ds 

Depth: 0.99 ft 

Top Width: 8.55 ft 

Velocity: 2.30 fps 

X-Section Area: 4.25 sq ft 

Hydraulic Radius: 0.484 

Froude Number: 0.57 

Roughness Coefficient: 0.0564 

Structure #2 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

I 
D,Bj 1.00 

Stability 

Class D w/ 
Freeboard 

1.99 ft 

17.15 ft 

Freeboard 

%of Depth 

capacity 

Class B w/o 
Freeboard 

9.76 ds 

1.53 ft 

13.19 ft 

0.96 fps 

10.12 sq ft 

0.747 

0.19 

0.1796 

Material: Grass mixture 

Left Right Freeboard Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Classes Depth (ft) %of Depth Ratio Ratio 

3.0:1 5.6:1 2.0 D, sl 1.00 

Vegetated Channel Results: 

Stability Stability capacity 

Class D W/0 Class D W/ Class B w/o 
Freeboard Freeboard Freeboard 

Design Discharge: 13.21 ds 13.21 ds 

Depth: 1.09 ft 2.09 ft 1.64 ft 

Top Width: 9.34 ft 17.94 ft 14.10 ft 

Filename: West 3 berms no sed.sc4 

5 

Freeboard Limiting 

Mult. X Velocity 

(VxD) (fp,s) 

I I 

i 5.0 . 

capacity 

Class B w/ 
Freeboard 

2.53 ft 

21.79 ft 

Freeboard Limiting 

Mult. X Velocity 

(VxD) (fps) 

I 5.0 

capacity 

Class B w/ 
Freeboard 

2.64 ft 

22.70 ft 

Printed 03-23-2005 



SEDCAD 4 for Windows 
1 

\ RFETS 

WEST CHANNEL SEDIMENT 

Ryan Archibald 
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wfo Freeboard wf Freeboard 

Design Discharge: 37.33 ds 

Depth: 0.46 ft 1.46 ft 

Top Width: 12.73 ft 18.73 ft 

Velocity: 7.21 fps 

X-Section Area: 5.18 sq ft 

Hydraulic Radius: 0.402 

Froude Number: 1.99 

Structure #6 (Null) 

Filename: West 3 berms no sed.sc4 Printed 03-23-2005 
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Subwatershed Hydrology Detail: 

SWSArea 
Time of 

Musk K Curve 
Peak Runoff 

Stru sws Cone Musk X UHS Discharge Volume 
# # (ac) · (hrs) Number 

(hrs) (cfs) (ac-ft) 

#3 1 1.700 0.036 0.000 0.000 86.000 M 9.76 0.491 

L: 1.700 9.76 0.491 

#2 1 2.300 0.051 0.000 0.000 86.000 M 13.21 0.665 

L: 2.300 13.21 0.665 

\ #1 1 1.500 0.048 0.000 0.000 86.000 M 8.61 0.433 

\ L: 1.500 8.61 0.433 
.. 

#5 1 1.000 0.008 0.000 0.000 86.000 M 5.74 0.289 

L: 6.500 37.33 1.878 

#6 L: ·6.500 37.33 1.878 

Subwatershed Time of Concentration Details: 
Stru sws Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) # # (ft) (ft) (fps) 

#1 1 8. Large gullies, diversions, and low 2.00 14.79 739.50 4.240 0.048 flowing streams 

#1 1 nme of Concentration: 0.048 

#2 1 3. Short grass pasture 18.00 23.40 130.00 3.390 0.010 

8. Large gullies, diversions, and low 2.00 12.79 639.50 4.240 0.041 flowing streams 

#2 1 nme of Concentration: 0.051 

#3 1 3. Short grass pasture 18.00 18.00 99.99 3.390 0.008 

8. Large gullies, diversions, and low 2.00 8.80 440.00 4.240 0.028 
flowing streams 

#3 1 nme of Concentration: 0.036 

#5 1 3. Short grass pasture 18.00 18.00 99.99 3.390 0.008 

#5 1 Time of Concentration: 0.008 
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Structure Detail: 

Structure #3 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

Material· Grass mixture . 
Left Right 

I 
Freeboard Retardance 

Sideslope Sideslope Slope(%) 
Ratio Ratio 

Classes 
I Depth (ft) 

3.0:1 .5.6:1 2.0 

Vegetated Channel Results: 

Stability 

Class D w/o 
Freeboard 

Design Discharge: 13.23 cfs 

Depth: 1.09 ft 

Top Width: 9.35 ft 

Velocity: 2.60 fps 

X-Section Area: 5.08 sq ft 

Hydraulic Radius: 0.529 

Froude Number: 0.62 

Roughness Coefficient: 0.0529 

Structure #2 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

D, sl 1.00 

Stability 

Class D w/ 
Freeboard 

2.09 ft 

17.95 ft 

Freeboard 

%of Depth 

capacity 

Class B w/o 
Freeboard 

13.23 cfs 

1.64 ft 

14.10 ft 

1.14 fps 

11.57 sq ft 

0.799 

0.22 

0.1585 

Material: Grass mixture 

Left Right Freeboard Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Classes Depth (ft) %of Depth Ratio Ratio 

3.0:1 5.6:1 2.0 D, sl 1.00 

Vegetated Channel Results: 

Stability Stability capacity 

Class D W/0 Class D W/ Class B w/o 
Freeboard Freeboard Freeboard 

Design Discharge: 17.91 cfs 17.91 cfs 

Depth: 1.19 ft 2.19 ft 1.75 ft 

Top Width: 10.22 ft 18.82 ft 15.08 ft 

Filename: West 3 berms no sed 1000.sc4 
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Freeboard Limiting 

Mult. X Velocity 

{VxD) (fps) 

I 5.0 

capacity 

Class B w/ 
Freeboard 

2.64 ft 

22.70 ft 

Freeboard Limiting 

Mult. X Velocity. 

(VxD) (fps) 

I 5.0 

capacity 

Class B w/ 
Freeboard 

2.75 ft 

23.68 ft 
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Stability 

Class D wfo 
Freeboard 

Velocity: 2.95 fps 

X-Section Area: 6.07 sq ft 

Hydraulic Radius: 0.579 

Froude Number: 0.67 

Roughness Coefficient: 0.0495 

Structure #1 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

Stability 

Class D wf 
Freeboard 

I 

I 

I 

2 

Capacity Capacity 

Class B W/0 Class B w/ 
Freeboard Freeboard 

1.35 fps 

13.23 sq ft 

0.854 

0.25 

0.1401 

' I 
I 
I 
I 

Material: Grass mixture 

Left Right Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Ratio Ratio 
Classes Depth (ft) 

3.0:1 5.6:1 2.0 D, sl 1.00 

Vegetated Channel Results: 

Stability 

Class D w/o 
Freeboard 

Design Discharge: 11.68 ds 

Depth: 1.05 ft 

Top Width: 9.01 ft 

Velocity: 2.47 fps 

X-Section Area: 4.72 sq ft 

Hydraulic Radius: 0.510 

Froude Number: 0.60 

Roughness Coefficient: 0.0543 

Structure #5 (Nonerodible Channel) 

Trapezoidal Nonerodible Channel Inputs: 

Stability I 

Class D wf 
I Freeboard 

2.05 ft 

17.61 ft 

Material: Plastic 

Left Right 
Bottom 

Width (ft) 
Sideslope Sideslope Slope(%) Manning's n 

Ratio Ratio 

10.00 3.0:1 3.0:1 12.0 o.o39o 1 

Nonerodible Channel Results: 

Filename: West 3 berms no sed 1 OOO.sc4 

Freeboard 
Freeboard Limiting 

%of Depth 
Mult. X Velocity 

(VxD) (fps) 

5.0 

Capacity Capacity 

Class B w/o Class B w/ 
Freeboard Freeboard 

11.68 ds 

1.60 ft 2.60 ft 

13.73 ft 22.33 ft 

1.07 fps 

10.95 sq ft 

0.777 

0.21 

0.1669 

Freeboard Freeboard 
Freeboard 

Depth (ft) %of Depth 
Mult. X 

(VxD) 

1.00 
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wfo Freeboard w/ Freeboard 

Design Discharge: 50.60 ds 

Depth: 0.54 ft 1.54 ft 

Top Width: 13.26 ft 19.26 ft 

Velocity: 8.01 fps 

X-5ection Area: 6.32 sq ft 

Hydraulic Radius: 0.470 

Froude Number: 2.04 

Structure #6 {Null) 

\ 
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RFETS 

EAST CHANNEL SEDIMENT 

Ryan Archibald 
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Stability Stability capacity capacity 

Class D wfo Class D w/ Class B w/o Class B w/ 
Freeboard Freeboard Freeboard Freeboard 

Velocity: 2.60 fps 1.14 fps 

X-Section Area: 5.07 sq ft 11.57 sq ft 

Hydraulic Radius: 0.529 0.799 

Froude Number: 0.62 0.22 

Roughness Coefficient: 0.0529 0.1587 

Structure # 1 (Vegetated Channel) 

\ 

Triangular Vegetated.Channel Inputs: 

Material: Grass mixture 

Left Right Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Classes Depth (ft) Ratio Ratio 

3.0:1 5.6:1 2.0 D,BI 1.00 

Vegetated Channel Results: 

Stability 

Class D wfo 
Freeboard 

Design Discharge: 8.61 ds 

Depth: 0.96 ft 

Top Width: 8.24 ft 

Velocity: 2.18 fps 

X-Section Area: 3.95 sq ft 

Hydraulic Radius: 0.467 

Froude Number: 0.56 

Roughness Coefficient: 0.0580 

Structure #5 (Nonerodible Channel) 

Trapezoidal Nonerodible Channel Inputs: 

Stability 

Class D wf 
Freeboard 

1.96 ft 

16.84 ft 

Material: Plastic 

Left Right 
Bottom 

Width (ft) 
Sideslope Sideslope Slope(%) Manning's n 

Ratio Ratio 

10.00 3.0:1 3.0:1 12.0 o.o39o 1 

Nonerodible Channel Results: 

Filename: West 3 berms no sed.sc4 

Freeboard Freeboard Limiting 

%of Depth Mult. X Velocity 
(VxD) (fps) 

I 5.0 

capacity capacity 

Class B w/o Class B w/ 
Freeboard Freeboard 

8.61 ds 

1.49 ft 2.49 ft 

12.83 ft 21.43 ft 

0.90 fps 

9.57 sq ft 

0.727 

0.18 

0.1890 

Freeboard Freeboard Freeboard 

Depth (ft) %of Depth Mult. X 
(VxD) 

1.00 
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Peak Peak 
Stru sws Sediment Sediment Settleable 24VW 

# # 
Soil K L{ft) S{%) c p PS# Cone. Cone {tons) {ml/1) 

{mg/1) {ml/1) 

~ 2.1 14,127 8.98 0.79 

#6 ~ 2.1 14,127 8.98 0.79 

#7 1 0.283 100.00 18.00 0.0700 0.9850 1 1.8 35;249 25.89 2.30 

~ 2.6 13,250 8.27 0.73 

#8 ~ 2.6 13,250 8.27 0.73 

' #9 1 0.283 100.00 18.00 0.0700 0.9850 1 1.8 35,249 25.~9 2.30 
I 

~ 2.7 10,846 6.~5 0.56 

#10 ~ 2.7 10,846 6.35 0.56 

#11 ~ 2.7 10,846 6.35 0.56 

\dAL St{) wiD 'OA,r.~ .. L~(s-)-; ~I\ 

1crtAL vJ {)Arr~~ "1.-=J.. ii}"') 

Subwatershed Time of Concentration Details: 
Stru sws. Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) 

# # (ft) (ft) (fps) 

#1 1 3. Short grass pasture 18.00 18.00 99.99 3.390 0.008 

8. Large gullies, diversions, and low 2.00 4.00 200.00 4.240 0.013 
flowing streams 

#1 1 Time of Concentration: 0.021 

#3 1 3. Short grass pasture 18.00 18.00 99.99 3.390 0.008 

8. Large gullies, diversions, and low 2.00 4.00 200.00. 4.240 0.013 
flowing streams 

#3 1 Time of Concentration: 0.021 

#5 1 3. Short grass pasture 18.00 18.00 100.00 3.390 0.008 

8. Large gullies, diversions, and low 2.00 4.00 200.00 4.240 0.013 
flowing streams 

#5 1 Time of Concentration: 0.021 

#7 1 3. Short grass pasture 18.00 18.00 100.00 3.390 0.008 

8. Large gullies, diversions, and low 
2.00 4.00 200.00 4.240 0.013 

flowing streams 

#7 1 Time of Concentration: 0.021 

#9 1 3. Short grass pasture 18.00 18.00 100.00 3.390 0.008 

8. Large gullies, diversions, and low 2.00 4.00 200.00 4.240 0.013 
flowing streams 

#9 1 Time of Concentration: 0.021 

Filename: berm final.sc4 Printed 03-18-2005 



SEDCAD 4 for Windows 
1 

\ RFETS-100 YEAR 
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General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr- 24 hr 

Rainfall Depth: 5.000 inches 
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Structure Networking: 
Type 

Stru (flows Stru 

I 
Musk. K 

Musk. X I Description 
# into) # {hrs) 

Channel #1 ==> #5 0.032 0.417 

Channel #2 ==> #5 0.032 0.417 

Channel #3 ==> #5 0.032 0.417 

Channel #4 ==> #5 0.032 0.417 

Channel #5 ==> #6 0.000 0.000 

Null #6 ==> End 0.000 0.000 

\ <? 
#4 

Chan'/ 

<? 
#3 

Chan'/ 

<? 
#2 

Chan'/ 

<? 
#1 

Chan'! 

<? 
#5 

Chan'! 

#6 

Null 

Structure Routing Details: 
Stru Land Flow Condition Slope(%) 

Vert Dist. Horiz. Dist. Velocity 
Time(hrs) 

# (ft) (ft) (fps) 

#1 
8. Large gullies, diversions, and low 

8.00 80.00 1,000.00 8.48 0.032 
flowing streams 

#1 Muskingum K: 0.032 

#2 
8. Large gullies, diversions, and low 

8.00 80.00 1,000.00 8.48 0.032 
flowing streams 

#2 Muskingum K: 0.032 

#3 
8. Large gullies, diversions, and low 8.00 80.00 1,000.00 8.48 0.032 
flowing streams 

#3 Muskingum K: 0.032 

#4 
8. Large gullies, diversions, and low 

8.00 80.00 1,000.00 8.48 0.032 
flowing streams 

#4 Muskingum K: 0.032 
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Structure Summary: 
Immediate Total 

Peak 
Total 

Contributing Contributing 
Discharge 

Runoff 
Area Area Volume 

(ac) (ac) 
(ds) 

(ac-ft) 

#4 2.500 2.500 . 14.36 0.72 

#3 2.500 2.500 14.36 0.72 

#2 2.500 2.500 14.36 0.72 

#1 2.500 2.500 14.36 0.72 

#5 1.000 11.000 63.18 3.18 

#6 0.000 11.000 63.18 3.18 . 
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Structure Detail: 
Structure #4 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

Left Right Freeboard Retardance 
Sideslope Sideslope Slope{%) 

Ratio Ratio 
Classes Depth (ft) 

3.0:1 5.6:1 2.0 

Vegetated Channel Results:. 

Stability 

Class D W/0 
Freeboard 

Design Discharge: 14.36 ds 

Depth: 1.11 ft 

Top Width: 9.57 ft 

Velocity: 2.70 fps 

X-Section Area: 5.33 sq ft 

Hydraulic Radius: 0.542 

Froude Number: 0.64 

Roughness Coefficient: 0.0519 

Structure #3 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

D, B I 1.00 

Stability 

Class D w/ 
Freeboard 

2.11 ft 

18.17 ft 

Freeboard 

%of Depth 

Capacity 

Class B w/o 
Freeboard 

14.36 ds 

1.67 ft 

14.36 ft 

1.20 fps 

11.99 sq ft 

0.813 

0.23 

0.1533 

Material: Grass mixture 

Left Right Freeboard Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Classes Depth (ft) %of Depth Ratio Ratio 

3.0:1 5.6:1 2.0 D, sl 1.00 

Vegetated Channel Results: 

Stability Stability Capacity 

Class D wfo Class D W/ Class B W/0 
Freeboard Freeboard Freeboard 

Design Discharge: 14.36ds 14.36 ds 

Depth: 1.11 ft 2.11 ft 1.67 ft 

Top Width: 9.57 ft 18.17 ft 14.36 ft 

Filename: East 4 berms no sed.sc4 
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Freeboard Limiting 

Mult. X Velocity 

{VxD) (fps) 

I 5.0 

Capacity 

Class B w/ 
Freeboard 

2.67 ft 

22.96 ft 

Freeboard Limiting 

Mult. X Velocity. 

(VxD) (fps) 

I 5.0 

Capacity 

Class B W/ 
Freeboard 

2.67 ft 

22.96 ft 
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Stability 

Class D w/o 
Freeboard 

Velocity: 2.70 fps 

X-Section Area: 5.33 sq ft 

Hydraulic Radius: 0.542 

Froude Number: 0.64 

Roughness Coefficient: 0.0519 

Structure #2 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

Stability capacity 

Class D w/ Class B wfo 
Freeboard Freeboard 

1.20 fps 

11.99 sq ft 

0.813 

0.23 

0.1533 

Material: Grass mixture 

Left Right Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Ratio Ratio 
Classes Depth (ft) 

3.0:1 5.6:1 2.0 

Vegetated Channel Results: 

Stability 

Class D wfo 
Freeboard 

Design Discharge: 14.36 cfs 

Depth: 1.11 ft 

Top Width: 9.57 ft 

Velocity: 2.70 fps 

X-Section Area: 5.33 sq ft 

Hydraulic Radius: 0.542 

Froude Number: 0.64 

Roughness Coefficient: 0.0519 

Structure # 1 (Vegetated Channe!J 

Triangular Vegetated Channel Inputs: 

D,B 1.00 

Stability 

Class D wf 
Freeboard 

2.11 ft 

18.17 ft 

Freeboard 

%of Depth 

capacity 

Class B w/o 
Freeboard 

14.36 cfs 

1.67 ft 

14.36 ft 

1.20 fps 

11.99 sq ft 

0.813 

0.23 

0.1533 

Material: Grass mixture 

Left Right Freeboard Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Classes Depth (ft) %of Depth Ratio Ratio 

3.0:1 5.6:1 2.0 D, B I 1.00 

Vegetated Channel Results: 
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capacity 

Class B w/ 
Freeboard 

Freeboard Limiting 

Mult. X Velocity 

(VxD) (fps) 

I 5.0 

capacity 

Class B w/ 
Freeboard 

2.67 ft 

22.96 ft 

Freeboard Limiting 

Mult. X Velocity 

(VxD) (fps) 

I 5.0 
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Subwatershed Hydrology Detail: 

SWS Area 
Time of 

Musk K Curve Peak Runoff 
Stru sws Cone Musk X UHS Discharge Volume 

# # (ae) · (hrs) Number 
(hrs) (cfs) (ae-ft) 

#1 1 0.500 0.021 0.000 0.000 86.000 M 1.60 0.078 

L 0.500 1.60 0.078 

#2 L 0.500 I 1.60 0.078 

#3 1 0.500 0.021 0.000 0.000 86.000 M 1.60 0.078 

\ L 1.000 3.20 0.157 

I #4 L 1.000 3.20 0.157 

#5 1 0.500 0.021 0.000 0.000 86.000 M 1.60 0.078 

L 1.500 4.80 0.235 

#6 L 1.500 4.80 0.235 

#7 1 0.500 0.021 0.000 0.000 86.000 M 1.60 O.D78 

L 2.000 6.39 0.313 

#8 L 2.000 6.39 0.313 

#9 1 0.500 0.021 0.000 0.000 86.000 M 1.60 0.078 

L 2.500 7.99 0.391 

#10 L 2.500 I 7.99 0.391 

#11 L 2.500 7.99 0.391 

'S'f. 0 l f'\ l tll- V'flQ"'

Subwatershe ip Seclimentology Detail~'\ ~uB l--1 ATE ~t\ ~V] 

lJ \ll ~~m~~m Peak 

Stru sws \.1) Settleable 24VW 

# # Soil K L (ft) s (%) c p PS # 
(tons) Cone. Cone 

· (ml/1) 
,.. (mg/1) (ml/1) 

#1 1 0.283 100.00 18.00 0.0700 0.9850 1 (1.s) 35,249 25.89 2.30 

L 1.8 35,249 25.89 2.30 

#2 L 1.8 35,249 25.89 2.30 

#3 1 0.283 100.00 18.00 0.0700 0.9850 1 1.8 35,249 25.89 2.30 

L 1.9 19,446 13.24 1.17 

#4 L 1.9 19,446 13.24 1.17 

#5 1 0.283 100.00 18.00 0.0700 0.9850 1 I 1.8 35,249 25.89 2.30 
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Subwatershed Hydrology Detail: 

SWS Area 
Time of 

Musk K Curve 
Peak Runoff 

Stru sws Cone Musk X UHS Discharge Volume 
# # (ac) (hrs) Number 

(hrs) (cfs) (ac-ft) 

#4 1 2.500 0.073 0.000 0.000 86.000 M 14.36 0.722 

:E 2.500 14.36 0.722 

#3 1 2.500 0.073 0.000 0.000 86.000 M 14.36 0.722 

L 2.500 14.36 I 0.722 
I 

#2 1 2.500 0.073 0.000 0.000 86.000 M 14.36 J 0.722 

:E 2.500 14.36' 0.722 

#1 1 2.500 0.073 0.000 0.000 86.000 M 14.36 0.722 

:E 2.500 14.36 0.722 

#5 1 1.000 0.008 0.000 0.000 86.000 M 5.74 0.289 

L 11.000 63.18 3.178 

#6 :E 11.000 63.18 3.178 

Subwatershed Time of Concentration Details: 
Stru sws 

Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

Time (hrs) 
# # (ft) (ft) (fps) 

#1 1 3. Short grass pasture 18.00 18.00 99.99 3.390 0.008 

8. Large gullies, diversions, and low 2.00' 20.00 1,000.00 4.240 0.065 flowing streams 

#1 1 Time of Concentration: 0.073 

#2 1 3. Short grass pasture 18.00 18.00 100.00 3.390 0.008 

8. Large gullies, diversions, and low 
2.00 20.00 1,000.00 4.240 0.065 flowing streams 

#2 1 Time of Concentration: 0.073 

#3 1 3. Short grass pasture 18.00 18.00 100.00 3.390 0.008 

8. Large gullies, diversions, and low 
2.00 20.00 1,000.00 4.240 0.065 flowing streams 

#3 1 Time of Concentration: 0.073 

#4 1 3. Short grass pasture 18.00 18.00 100.00 3.390 0.008 

8. Large gullies, diversions, and low 
2.00 20.00 1,000.00 4.240 0.065 

flowing streams 

#4 1 Time of Concentration: 0.073 

#5 1 3. Short grass pasture 18.00 18.00 99.99 3.390 0.008 

#5 1 Time of Concentration: 0.008 
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\ RFETS-1000 YEAR 

EAST CHANNEL 

Ryan Archibald 
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Structure Detail: 

Structure #4 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

Left Right Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Ratio Ratio 
Classes Depth (ft) 

3.0:1 5.6:1 2.0 

Vegetated Channel Results: 

Stability 

Class D wjo 
Freeboard 

Design Discharge: 19.46 cfs 

Depth: .1.22 ft 

Top Width: 10.47 ft 

Velocity: 3.06 fps 

X-Section Area: 6.37 sq ft 

Hydraulic Radius: 0.593 

Froude Number: 0.69 

Roughness Coefficient: 0.0486 

Structure #3 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

D,B 1.00 

Stability 

Class D wf 
Freeboard 

2.22 ft 

19.07 ft 

Freeboard 

%of Depth 

Capacity 

Class B w/o 
Freeboard 

19.46 cfs 

1.79 ft 

15.37 ft 

1.42 fps 

13.73 sq ft 

0.870 

0.26 

0.1354 

Material: Grass mixture 

Left Right Freeboard Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Classes Depth (ft) %of Depth Ratio Ratio 

3.0:1 5.6:1 2.0 D,B 1.00 

Vegetated Channel Results: 

Stability Stability Capacity 

Class D w/o Class D w/ Class B w/o 
Freeboard Freeboard Freeboard 

Design Discharge: 19.46 cfs 19.46 cfs 

Depth: 1.22 ft 2.22 ft 1.79 ft 

Top Width: 10.47 ft 19.07 ft 15.37 ft 

Filename: East 4 berms no sed 1 OOO.sc4 
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Freeboard Limiting 

Mult. X Velocity 

(VxD) (fpp) 

I I 5.0 . i 

Capacity 

Class B w/ 
Freeboard 

2.79 ft 

23.97 ft 

Freeboard limiting 

Mult. X Velocity 

(VxD) (fps) 

5.0 

Capacity 

Class B W/ 
Freeboard 

2.79 ft 

23.97 ft 
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Stability 

Class D w/o 
Freeboard 

Velocity: 3.06 fps 

X-Section Area: 6.37 sq ft 

Hydraulic Radius: 0.593 

Froude Number: 0.69 

Roughness Coefficient: 0.0486 

Structure #2 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

Stability capacity 

Class D w/ Class B w/o 
Freeboard Freeboard 

1.42 fps 

13.73 sq ft 

0.870 

0.26 

0.1354 

Material: Grass mixture 

Left Right Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Ratio Ratio 
Classes Depth (ft) 

3.0:1 5.6:1 2.0 

Vegetated Channel Results: 

Stability 

Class D wfo 
Freeboard 

Design Discharge: 19.46 ds 

Depth: 1.22 ft 

Top Width: 10.47 ft 

Velocity: 3.06 fps 

X-Sectlon Area: 6.37 sq ft 

Hydraulic Radius: 0.593 

Froude Number: 0.69 

Roughness Coefficient: 0.0486 

Structure # 1 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

D, sl 1.00 

Stability 

Class D w/ 
Freeboard 

2.22 ft 

19.07 ft 

Freeboard 

%of Depth 

capacity 

Class B w/o 
Freeboard 

19.46 ds 

1.79 ft 

15.37 ft 

1.42 fps 

13.73 sq ft 

0.870 

0.26 

0.1354 

Material: Grass mixture 

Left Right Freeboard Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Classes Depth (ft) %of Depth Ratio Ratio 

3.0:1 5.6:1 2.0 D, sl 1.00 

Vegetated Channel Results: 
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capacity 

Class B w/ 
Freeboard 

Freeboard Limiting 

Mutt. X Velocity 

(VxD) (fps) 

5.0 

capacity 

Class B w/ 
Freeboard 

2.79 ft 

23.97 ft 

Freeboard Limiting 

Mult. X Velocity 

(VxD) (fps) 

I 5.0 
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Stability 

Class D w/o 
Freeboard 

Design Discharge: 19.46 ds 

Depth: 1.22 ft 

Top Width: 10.47 ft 

Velocity: 3.06 fps 

X-Section Area: 6.37 sq ft 

Hydraulic Radius: 0.593 

Froude Number: 0.69 

Roughness Coefficient: 0.0486 

Structure #5 (Nonerodible Channel} 

Trapezoidal Nonerodible Channel Inputs: 

Stability 

Class D wf 
Freeboard 

2.22 ft 

19.07 ft 

Material: Plastic 

Left Right 
Bottom 

Width (ft) 
Sideslope Sideslope Slope(%) Manning's n 

Ratio Ratio 

18.00 3.0:1 3.0:1 12.0 o.o39o 1 

Nonerodible Channel Results: 

w/o Freeboard 

Design Discharge: 85.64 ds 

Depth: 0.53 ft 

Top Width: 21.19 ft 

Velocity: 8.21 fps 

X-Section Area: 10.43 sq ft 

Hydraulic Radius: 0.488 

Froude Number: 2.06 

Structure #6 (Nul/) 
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capacity capacity 

Class B w/o Class 8 W/ 
Freeboard Freeboard 

19.46 ds 

1.79 ft 2.79 ft 

15.37 ft 23.97 ft 

1.42 fps 

13.73 sq ft · 

0.870 

0.26 

0.1354 It 

Freeboard Freeboard Freeboard 

Depth (ft) %of Depth Mult. x 
(VxD) 

1.00 

w/ Freeboard 

1.53 ft 

27.19 ft 
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RFETS 

BUTTRESS SEDIMENT 

Ryan Archibald 
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Sb u waers e ry; roogy Dt1. 'e 'al: 

SWSArea 
Time of 

Musk K Curve 
Peak · Runoff 

Stru sws Cone Musk X UHS Discharge Volume 
# # (ae) (hrs) Number 

(hrs) (ds) (ae-ft) 

#1 1 0.400 0.057 0.000 0.000 86.000 M I 1.28 0.063 

~ 0.400 1.28 0.063 

#2 ~ 0.400 1.28 0.063 

#3 1 0.400 0.057 0.000 0.000 86.000 M 1.28 0.063 

~ 0.800 2.56 I 0.125 
I 

#4 ~ 0.800 2.56/ 0.125 

#5 1 0.400 0.057 0.000 0.000 86.000 M 1.28 0.063 

~ 1.200 3.84 0.188 

#6 ~ 1.200 3.84 0.188 

#7 1 0.400 0.057 0.000 0.000 86.000 M 1.28 0.063 

~ 1.600 5.12 0.250 

#8 ~ 1.600 5.12 0.250 

#9 1 0.400 0.057 0.000 0.000 86.000 M 1.28 0.063 

2: 2.000 
I 

6.39 0.313 

#10 ~ 2.000 6.39 0.313 

#11 ~ 2.000 6.39 0.313 

Subwatershed Sedimentology J >etail: 
Peak Peak 

Stru sws Sediment Sediment Settleable 24VW 

# # Soil K L (ft) S(%) c p PS # Cone. Cone (tons) (ml/1) 
(mg/1) (ml/1) 

#1 1 0.283 275.00 2.75 0.0700 0.9850 1 0.2 5,172 3.80 0.37 

~ 0.2 5,172 3.80 0.37 

#2 ~ 0.2 5,172 3.80 0.37 

#3 1 0.283 275.00 2.75 0.0700 0.9850 1 0.2 5,172 3.80 0.37 

~ 0.2 2,838 1.93 0.19 

#4 2: 0.2 2,838 1.93 0.19 

#5 1 0.283 275.00 2.75 0.0700 0.9850 1 0.2 5,172 3.80 . 0.37 

~ 0.2 2,061 1.31 0.13 

Filename: Buttress Berm Final.sc4 Printed 05-09-2005 



SEDCAD 4 for Windows 

Stability 

Class D w/o 
Freeboard 

Design Discharge: 14.36 ds 

Depth: 1.11 ft 

Top Width:· 9.57 ft 

Velocity: 2.70 fps 

X-Section Area: 5.33 sq ft 

Hydraulic Radius: 0.542 

Froude Number: 0.64 

Roughness Coefficient: 0.0519 

\structure #5 (Nonerodible Channe/J 

Trapezoidal Nonerodible Channel Inputs: 

Stability 

Class D wf 
Freeboard 

2.11 ft 

18.17 ft 

Material: Plastic 

Left Right 

I 

Bottom 
Width (ft) 

Sideslope Sideslope Slope(%) Manning's n 
Ratio Ratio 

18.00 3.0:1 3.0:1 12.0 o.o39o 1 

Nonerodible Channel Results: 

wfo Freeboard 

Design Discharge: 63.18 ds 

·Depth: 0.44 ft 

Top Width: 20.67 ft 

Velocity: 7.34 fps 

X-Sectlon Area: 8.60 sq ft 

Hydraulic Radius: 0.413 

Froude Number: 2.01 

Structure #6 (Null) 
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capacity capacity 

Class B w/o Class B wf 
Freeboard Freeboard 

14.36 ds 

1.67 ft 2.67 ft 

14.36 ft 22.96 ft 

1.20 fps 

11.99 sq ft 

0.813 

0.23 

0.1533 

Freeboard Freeboard 
Freeboard 

Depth (ft) %of Depth Mult. X 

(VxD) 

1.00 

w/ Freeboard 

1.44 ft 

26.67 ft 
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RFETS-100 YEAR 

BUTTRESS SIDESLOPE 

Ryan Archibald 
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General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr- 24 hr 

\ 
Rainfall Depth: S.OOO inches 

Filename: buttress1to1.sc4 Printed 05-11-2005 
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Structure Networking: 
Type Stru (flows Stru Musk. K 

Musk. X DesCription # into) # (hrs) 

Channel #1 ==> #4 0.000 0.000 

Channel #2 ==> #4 0.000 0.000 

Channel #3 ==> #4 0.000 0.000 

Null #4 ==> End 0.000 0.000 

# 
#3 

Chan'/ 

# 
#2 

Chan'/ 

# 
#1 

Chan'/ 

#4 

Null 
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Structure Summary: 
Immediate Total 

Peak 
Total 

Contributing Contributing 
· Discharge 

Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) 

(ac-ft) 

#3 1.180 1.180 6.78 0.34 

#2 1.300 1.300 7.47 0.38 

#1 0.200 0.200 1.15 0.06 

#4 0.000 2.680 15.39 0.77 

\ 
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Structure Detail: 
Structure #3 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

Left Right Freeboard . Retardance 
Sideslope Sideslope Slope(%} 

Ratio Ratio 
Classes Depth (ft) 

1.0:1 1.0:1 3.5 

Vegetated Channel Results: 

Stability 

Class D w/o 
Freeboard 

Design Discharge: 6.78ds 

Depth: 1.39 ft 

Top Width: 2.78 ft 

Velocity: 3.51 fps 

X-Section Area: 1.93 sq ft 

Hydraulic Radius: 0.491 

Froude Number: 0.74 

Roughness Coefficient: 0.0494 

Structure #2 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

D, B 1.00 

Stability 

Class b w/ 
Freeboard 

2.39 ft 

4.78 ft 

Freeboard 

%of Depth 

capacity 

Class B w/o 
FreebOard 

6.78 ds 

2.05 ft 

4.10 ft 

1.61 fps 

4.20 sq ft 

0.724 

0.28 

0.1392 

Material: Grass mixture 

Left Right Freeboard Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Classes Depth (ft) %of Depth Ratio Ratio 

1.0:1 1.0:1 3.5 D, B 1.00 

Vegetated Channel Results: 

Stability Stability capacity 

ClassD w/o Class D w/ Class B W/0 
Freeboard· Freeboard Freeboard 

Design Discharge: 7.47 ds . 7.47 ds 

Depth: 1.43 ft 2.43 ft 2.09 ft 

Top Width: 2.86 ft '4.86 ft 4.19 ft 

Filename: buttress1to1.sc4 
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·Freeboard Limiting 

Mult. x Velocity 

(VxD) (fps) 

I 4.0 I 

capacity 

Class Bw/ 
Freeboard 

3.05 ft 

6.10 ft 

Freeboard Limiting 

Mult. X Velocity 

(VxD) (fps) 

I 4.0 

capacity 

Class B w/ 
Freeboard 

3.09 ft 

6.19 ft 
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Stability Stability capacity capacity 

ClassD w/o Class D w/ Class B w/o Class B w/ 
Freeboard Freeboard Freeboard Freeboard 

Velocity: 3.66 fps 1.70 fps 

X-Section Area: 2.04 sq ft 4.38 sq ft 

Hydraulic Radius:· 0.505 0.740 

Froude Number: 0.76 0.29 

Roughness Coefficient: 0.0483 0.1338 

Structure # 1 (Vegetated Channel) 

i\ Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

Left Right Freeboard Freeboard 
Freeboard Limiting Retardance 

Sideslope Sideslope Slope(%) a asses Depth (ft) %of Depth Mult. X Velocity 
Ratio Ratio (VxD) (fps) 

1.0:1 1.0:1 3.5 D, B 1.00 4.0 

Vegetated Channel Results: 

Stability Stability capacity capacity 

Class D w/o Class D w/ Class Bw/o Class 8 W/ 
Freeboard Freeboard Freeboard Freeboard 

Design Discharge: 1.15 cfs 1.15 cfs 

Depth: 0.82 ft 1.82 ft 1.38 ft 2.38 ft 

Top Width: 1.65 ft 3.65 ft 2.77 ft 4.77 ft 

Velocity: 1.69 fps 0.60 fps 

X-Section Area: 0.68 sq ft 1.92 sq ft 

Hydraulic Radius: 0.291 0.489 

Froude Number: 0.46 0.13 

Roughness Coefficient: 0.0724 0.2882 

Structure #4 (Nul/) 
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Subwatershed Hydrology Detail: 

· Stru SWS Area 
Time of 

Musk K Curve 
Peak Runoff 

sws Cone Musk X UHS Discharge Volume 
# # (ac) (hrs) Number 

(hrs) (cfs) (ac-ft) 

#3 1 1.180 0.074 0.000 0.000 86.000 M 6.78 0.341 

L 1.180 6.78 0.341 

#2 1 1.300 0.080 0.000 0.000 86.000 M 7.47 0.376 

L 1.300 7.471 0.376 
I 

#1 1 0.200 0.012 0.000 0.000 86.000 M 1.15/ 0.058 

L 0.200 1.15 0.058 

#4 L 2.680 15.39 0.774 

Subwatershed Time of Concentration Details: 
Stru sws Land Flow Condition Slope(%) 

Vert. Dist. Horiz. · DiSt:. Velocity 
Time (hrs) 

# # (ft) (ft) (fps) 

#1 1 3. Short grass pasture 33.00 7.26 22.00 4.590 0.001 

8. Large gullies, diversions, and low 
4.00 9.80 245.00 6.000 0.011 flowing streams 

#1 1 Time of Concentration: 0.012 

#2 1 3. Short grass pasture 18.00 9.90 55.00 3.390 0.004 

3. Short grass pasture 2.75 6.18 224.72 1.320 0.047 

3. Short grass pasture 33.00 6.60 19.99 4.590 0.001 

8. Large gullies, diversions, and low 
4.00 24.80 620.00 6.000 0.028 

flowing streams 

#2 1 Time of Concentration: 0.080 

#3 1 3. Short grass pasture 18.00 5.40 30.00 3.390 0.002 

3. Short grass pasture 2.75 7.56 274.90 1.320 0.057 

3. Short grass pasture 33.00 3.30 9.99 4.590 0.000 

8. Large gullies, diversions, and low 
4.00 13.00 325.00 6.000 0.015 

flowing streams 

#3 1 Time of Concentration: 0.074 

Filename: buttress1to1.sc4 Printed 05-11-2005 



SEDCAD 4 for Windows 
2 

Peak Peak 

Stru sws sediment Sediment Settleable 24VW 

# # 
Soil K L (ft) 5(%) c p PS# Cone. Cone (tons) (ml/1) 

(mg/1) (ml/1) 

#6 L 0.2 2,061 1.31 0.13 

#7 1 0.283 275.00 2.75 0.0700 0.9850 1 0.2 5,172 3.80 0.37 

L 0.3 1,670 1.00 0.10 

#8 L 0.3 1,670 1.00 0.10 

#9 1 0.283 275.00 2.75 0.0700 0.9850 1 0.2 5,172 3.80 0.37 

L .0.3 1,432 0.81 0.08 

\#10 L 0.3 1,432 0.81 0.08 

1
#11 L 0.1 667 0.21 0.02 

Subwatershed Time of Concentration Details: 
Stru sws 

Land Flow Condition Slope(%} 
Vert. Dist. Horiz. Dist. Velocity 

Time (hrs) 
# # (ft) (ft) (fps) 

#1 1 3. Short grass pasture 2.75 7.56 275.00 1.320 0.057 

#1 1 Time of Concentration: 0.057 

#3 1 3. Short grass pasture 2.75 7.56 275.00 1.320 0.057 

#3 1 Time of Concentration: 0.057 

#5 1 3. Short grass pasture 2.75 7.56 275.00 1.320 0.057 

#5 1 Time of Concentration: 0.057 

#7 1 3. Short grass pasture 2.75 7.56 275.00 1.320 0.057 

#7 1 Time of Concentration: 0.057 

#9 1 3. Short grass pasture 2.75 7.56 274.90 1.320 0.057 

#9 1 Time of Concentration: 0.057 
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Structure Detail: 
Structure #3 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 
.. 

Left Right 
Retardance Freeboard 

Sideslope Sideslope Slope(%) 
Ratio Ratio Classes Depth (ft) 

1.0:1 1.0:1 3.5 

Vegetated Channel Results: 

Stability 

Class D w/o 
Freeboard 

Design Discharge: 9.19 cfs 

Depth: l.S2 ft 

Top Width: 3.04 ft 

Velocity: 3.98 fps 

X-Section Area: 2.31 sq ft 

Hydraulic Radius: 0.537 

Froude Number: 0.81 

Roughness Coefficient: 0.0462 

Structure #2 {Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

D, B 1.00 

Stability 

Class D w/ 
Freeboard 

2.52 ft 

5.04 ft 

Freeboard 

%of Depth 

capacity 

ClassB w/o 
Freeboard 

9.19 cfs 

2.19 ft 

4.38 ft 

1.91 fps 

4.80 sq ft 

0.775 

0.32 

0.1229 

Material: Grass mixture 

Left Right Freeboard Freeboard Retardance 
Sideslope . Sideslope Slope(%) 

Classes Depth (ft) %of Depth Ratio Ratio 

1.0:1 1.0:1 3.5 D,B 1.00 

Vegetated Channel Results: 

Stability Stability capacity 

Class D w/o Class D W/ Class B w/o 
Freeboard Freeboard Freeboard 

Design Discharge: 10.12 ds 10.12 ds 

Depth: 1.56 ft 2.56 ft 2.24 ft 

Top Width: 3.13 ft 5.13 ft 4.48ft 

Filename: buttress1to1 1 OOO.sc4 
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Freeboard Umiting 

Mult. X Velocity 

(VxD).· (fP,S) 

I 4.0 I 

capacity 

Class B w/ 
Freeboard 

3.19 ft 

6.38 ft 

Freeboard Umiting 

Mult. X Velocity 

(VxD) (fps) 

4.0 

capacity 

Class B W/ 
Freeboard 

3.24 ft 

6.48 ft 
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Stability 

Class Dw/o 
Freeboard 

Velocity: 4.14 fps 

X-Section Area: 2.44 sq ft 

Hydraulic Radius: 0.553 

Froude Number: 0.83 

Roughness Coefficient: 0.0453 

Structure # 1 (Vegetated Channel) 

Triangular Vegetated Channel Inputs: 

Stability capacity 

Class D w/ Class Bw/o 
Freeboard Freeboard 

2.02 fps 

5.01 sq ft 

0.792 

0.34 

0.1181 

Material: Grass mixture 

Left Right Freeboard Freeboard Retardance 
Sideslope Sideslope Slope(%) 

Classes Depth (ft) %of Depth · Ratio Ratio 

1.0:1 1.0:1 3.5 D,B 1.00 

Vegetated Channel Results: 

·Stability Stability capacity 

Class Dw/o Class D W/ Class Bw/o 
Freeboard Freeboard Freeboard 

Design Discharge: 1.56 cfs 1.56 cfs 

Depth: 0.90 ft 1.90 ft 1.48 ft 

Top Width: 1.80 ft 3.80 ft 2.96 ft 

Velocity: 1.92 fps 0.71 fps 

X-Section Area: 0.81 sq ft 2.19 sq ft 

Hydraulic Radius: 0.319 0.523 

Froude Number: 0.50 0.15 

Roughness Coefficient: 0.0678 0.2544 

Structure #4 (Null) 
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2 

capacity 

Class B W/ 
Freeboard 

Freeboard Limiting 

Mult. X Velocity 

(VxD) '(fps) 

4.0 

capacity 

ClassB w/ 
Freeboard 

2.48 ft 

4.96 ft 
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!North American Green· ECMDS Version 4.2 · l3/23/200I04:53 PM !COMPUTED BY: 
!PROJECT NAME: RFETS·OLF !PROJECT NO.: 
;:IF~RO:;:M~ST:-:A;:T:.:IO~N~/R::::E:.:.;AC::.H~: ..;;.;:;; ___ fTr:=-::0:-::S:-:::T~AT~IO:::-:N-:-:/::::-RE~A:-::C::-:H-: ----~DRAINAGE AREA: !DESIGN FREQUENCY: 

HYDRAULIC RESULTS 
Discharge Peak Flow Velocity (Ips) Area (sq.lt) 

(cis) Period fhrsl 
37.0 1.5 6.94 5.33 

\ 
BEND RESULTS 
Bend Radius Length Super Elevation 

(It) Protection [It) Deothfltl 
105.0 5.2 0.7 

LINER RESULTS 

Matting Type 
Reach Stability Analysis 

Staple Pattern 

Straight P550 Unvegetated 

Staple E 

Bend P550 Unvegetated 

Staple E 

Hydraulic Normal 
Radius[ltl Deoth(lt) 

0.41 0.47 

Vegetation Characteristics 
Permissible 

Phase Class Type Density Shear Stress 
(psi) 

1 3.50 

1 3.50 

Calculated 
Shear Stress 

(psO 

3.50 

3.50 

Bottom 
Width= 10.00 It 

_j1 
3.0 

Not to Scale 

Safety Factor Remarks 

1.00 STABLE 

1.00 STABLE 



!North American Green· ECt-ADS Version 4.2 I3/23/200J04:54 PM !COMPUTED BY: 
!PROJECT NAME: RFETS·OLF (PROJECT NO.: 
IFROM STATION/REACH: . ITo STATION/REACH: !DRAINAGE AREA: !DESIGN FREQUENCY: 

HYDRAULIC RESULTS 
Discharge Peak Flow Velocity (Ips) Area (sq. II) 

(cis) Period (hrs) 
63.0 1.5 7.10 B.BB 

BEND RESULTS 
Bend Radius Length Super Elevation 

(Ill Protection lfll Declh!fll 
200.0 5.4 0.6 

LINER RESULTS 

Malting Type 
Reach Stability Analysis 

Staple Pattern 

Straight P550 U nvegetated 

Staple E 

Bend P550 Unvegelated 

Staple E 

Hydraulic Normal 
Radius(fl) Depth (It) 

0.42 0.46 

Vegetation Characteristics 
Permissible 

Phase Class Type Density Shear Stress 
(psi) 

1 3.50 

1 3.50 

P550 (n=0.041 I 

Bollom 
Width = 1B.OO II 

_j1 
3.0 

Not to Scale 

Calculated S alely Factor Remarks 
Shear Stress 

(psi) 

3.43 1.02 STABLE 

3.43 1.02 STABLE 



!North American Green· ECMDS Version 4.2 
!PROJECT NAME: RFETS·OLF 
IFROM STATION/REACH: lTD STATION/REACH: 

HYDRAULIC RESULTS 
Discharge Peak Flow Velocity (Ips) Area (sq. II) Hydraulic 

(cis). Period (hrs) Radius(ft) 
14.4 2.0 5.41 2.66 0.38 

BEND RESULTS 
Bend Radius Length Super Elevation 

(It) Protection (It) Deothlftl 
5.0 9.6 2.0 

LINER RESULTS 

Normal 
Depth(ft) 

0.79 

. I3/23/200I04:57 PM !COMPUTED BY: 
JPROJECT NO.: . 
!DRAINAGE AREA: !DESIGN FREQUENCY: 

Bottom 
Width= 0.00 It 

_j1 
3.0 

Not to Scale 

Matting Type Vegetation Characteristics 
Reach Stability Analysis Permissible Calculated Safety Factor Remarks 

Staple Pattern Phase Class Type Density Shear Stress Shear Stress 
(psf) (psi) 

Straight C125 Unvegetated 2.25 0.9B 2.29 STABLE 
StapleD 

Bend C125 Unvegetated 2.25 0.9B 2.29 STABLE 

StapleD 



orthAmerican Green· ECMDS Version 4.2 
ADJECT NAME: RFETS·OLF 

!FROM STATION/REACH: jTO STATION/REACH: 
HYDRAULIC RESULTS 

Discharge Peak Flow Velocity (Ips) Area (sq.lt) Hydraulic 
(cfs). Period (hrs) Radius(lt) 
14.4 2.0 B.6B 1.66 0.11 

LINER RESULTS 

Normal 
Depth(ft) 

0.11 

l3/23/200J05:01 PM !COMPUTED BY: 
!PROJECT NO.: 

· iDRAINAGE AREA: IDE SIGN FREQUENCY: 

Bottom 
Width= 15.00 It 

_j1 
3.0 

Not to Scale 

Matting Type Vegetation Characteristics 
Reach Stability Analysis Permissible Calculated S alely Factor Remarks 

Staple Pattern Phase Class Type Density Shear Stress Shear Stress 
(psi) (psi) 

Straight C125 Unvegetaled 2.25 2.23 1.01 STABLE 

StapleD 
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APPENDIXE 

LANDFILL ENGINEERING- FINAL DESIGN 
BUTTRESS SUB-DRAIN 



APPENDIXE 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
ACCELERATED ACTION DESIGN FOR THE ORIGINAL LANDFILL 

.LANDFILL ENGINEERING- FINAL DESIGN 
BUTTRESS SUB-DRAIN 

MAY 11,2005 

Prepared by: 

Earth Tech, Inc. 
5575 DTC Parkway, Suite 200 
Englewood, Colorado 8.0111 

(303) 694-6660 

This calculation was performed by Earth Tech, Inc. Although each sheet composing this .calculation may or 
may not be initialed, it has nonetheless been reviewed and checked. 

Prepared By: CB Date: 5/9/05 

Checked By: RT Date: 5/9/05 

Approved By: RT Date: 5/9/05 
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5575 DTC Parkway, Suite 200 
Englewood, Colorado 80111 

Project: RFETS- Original Landfill Accelerated Action 

Subject: Landfill Engineering- Buttress Drain 

By: CB Date: 5/9/05 Chk By: =R-"'-T ___ _ 

1.0 INTRODUCTION 

Sheet E1 

Project No. 57378.6040 · Date: 5/11/05 

Date: 5/9/05 App By: :.::R=T--..,.. Date: 5/9/05 

This buttress sub-drain system was developed to address potential groundwater drainage issuef at the Original 
Landfill (OLF) Accelerated Action, specifically at the buttress fill location at the southern toe <;>f the OLF. The 
buttress sub-drain addresses groundwater flow below the buttress fill, directing it to the subsurface infiltration 

· gallery in the stream alluvium of Woman Creek. 

2.0 LANDFILL DESCRIPTION, LOCATION AND DRAINAGE 

The OLF site is located south of Rocky Flats Environmental Technology Site Buildings 440 and 460, along the 
north hillside of a ravine in the Woman Creek drainage area, extending from an approximate elevation of 6,040 feet 
at the top to an elevation of 5,950 feet at its base. Waste operations began in the early 1950s and continued through 
1968. The OLF site footprint has a maximum length along the east-west direction of approximately 1,700 feet and 
approximately 500 feet in the north-south direction, with an approximate area on the order of 20 acres. 

3.0 REFERENCES 

The buttress sub-drain system for the OLF was evaluated using guidelines provided in the following documents: 

1. "Groundwater Hydrology," Todd, 1980 
2. "Groundwater and Wells," Driscoll, 1986. 
3. Integrated Flow and VOC fate and transport modeling for the OLF, Integrated Hydro System, December 

2004. 

4.0 DESIGN CRITERIA 

The attached calculations were used to evaluate the transmissivity of a well-sorted material to discharge 
groundwater below the buttress fill. 

Evaluation and design of the OLF buttress drain system will meet the following design criteria: 

1. Pass a maximum discharge of 1 gallon per minute (gpm) based on the discharge rate presented in the 
Integrated Flow and VOC Fate and Transport Modeling, (Integrated Hydro Systems, 2004). 

2. Minimize sedimentation of the buttress drainage system from native materials and buttress fill 
materials. 

5.0 HYDROGEOLOGIC DESIGN APPROACH 

Darcy's Law was used to estimate groundwater discharge rates below the buttress (see Attachment 1). Typical 
hydraulic conductivities were evaluated using a worst-case scenario of 3/.a-inch gravel to provide an extra margin 
of flow capacities. The designed sub-drain material is a well-sorted material with a Dmax of l-Y2 inches and a D10 
of % inch, which correlates to a gravel. This material will be constructed using durable sub-angular rock that 
provides adequate porosity and a suitable contact surface with the buttress fill material and the granular soils of 
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Project No. 57378.6040 Date: 5/11/05 

Date: 5/9/05 App By: ~RT~-- Date: 5/9/05 

the stream alluvium. This fill zone will be placed on top of geogrid (Tensar BX1200 or equivalent - see 
Attachment 2) to provide a stable platform on top of the weathered claystone. Once the drain rock has been 
placed, a non-woven geotextile, such as Nilex NW80 or equivalent, will be placed between the drain rock and the 
buttress material to minimize fine materials clogging the pore space of the drain rock. See Attachment 3 for 

·\geotextile determination.. To simulate a worst-case scenario, an assumption was made that 6 inches of drain rock 
material could be effectively lost due to compaction into adjacent surfaces. 

The following assumptions were made for calculations of discharge below the buttress: 

• Buttress drain length is from top of buttress to downstream discharge point below buttress. 
• A well-sorted durable angular drain material %-inch to 1-Y2-inch gravel will be used. 
• K for a worst-case scenario from a compacted gravel, K = 2760 gallons per day per square foot will be 

used. 
• Minimum thickness of permeable layer= 12 inches (6 in. of usable material). 

Infiltration into the valley floor alluvium was estimated using the mean conductivity of the alluvium calculated 
from falling head tests in bore holes. The mean conductivity for the valley floor alluvium is 2.57 meters per day 
or 239 gallons per day per square foot. The mean value was fed back into Darcy's Equation to estimate 
infiltration rates. The head, or driving force from the sub-drain, was estimated to be no more than 1 foot from 
standing water in the large pore space of the drainage rock. The area was based on the footprint of the buttress on 
the valley a:lluvium with the assumption that only 10% of that area contains the mean value of conductivity due to 
bedding conditions. The calculation in Attachment 4 show that the valley floor alluvium could accept over 1,000 
gpm, which is three orders of magnitude greater than the design needs. This is further supported by the fact that 
the design inflow below the buttress is less than the current conditions due to surface water diversions, diverting 
storm water away from the landfill and into side channels, minimizing infiltration and therefore minimizing 
groundwater flow below the buttress. Current conditions, i.e,. a lack of springs or seeps in the area of the landfill, 
indicate that the alluvium is capable of accepting the current discharge rates. 

6.0 CONCLUSIONS 

A suitable sub-drain design uses sub-angular rock that is well sorted with a diameter ranging from % inch to 1-Y2 
inch. This design successfully passed a 1.0-gpm maximum discharge scenario. The calculations show that the 
design has the capability of passing 112 gpm through a 6-inch zone across the buttress. This provides a 2-order
of-magnitude safety factor compared to the model-predicted flow rate of 1 gpm, which will account for any 
sedimentation blockage over time. 

The calculations show that the valley floor alluvium is capable of accepting the flow from the sub-drain. 

L·\wor/0.57378\Wor&roduci\OLF\Final Design\AppendiceMppendix E- Bunress Drain\Final- Appendix E.doc 
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Rocky Flats OLF Buttress Sub-Drain 
Designed by: CAB 

Date: 4/18/2005 

Given 
Using Darcy's Law Q = -KA {d(h)/d(l)} 
Where Q = discharge (gpd/ft"'2) 

K = hydraulic conductivity (gpd/ft"'2) 
A= area (ft"'2) 
{ d(h)/d(l)} = hydraulic gradient (ft/ft) 

From Summary of Hydrologic and Physical Properties of Rock and Soil Materials, 
as Analyzed by the Hydrologic LaboratOIJ' of the U.S.G.S. 1948-60 USGS 

Water-Supply Paper 1839-D 1967. 

K(Gravel) 
rn/day 

450 

Minimum Design Criteria: Q = 1 gal/min 

Assumptions: 

gpd/ft!'2 
11043 

Diam. (in) 
0.5250 

Sieve# 
112 

Buttress drain length is from top of buttress to downstream discharge point below buttress. 
A well-sorted angular durable fill material from . 75 inches to 1.5 inch is used. 
Minimum thickness of permeable layer= 12 inches to allow drain material to be packed 

into adjacent surfaces. 
Assume 6 inches of material is lost due to compaction in to adjacent surfaces. 

Elevation at top of buttress (ft msl) 
Elevation at bottom of buttress (ft msl) 
Length of buttress drain (ft) 
Width of cross section (ft) 

X-Sec A-A' 
5,974 
5,950 

145 

X-Sec B-B' 
5,970 
5,948 

185 

X-Sec C-C' 
5,962 
5,940 

175 

X-Sec D-D' 
5;953 
5,934 

165 

Change in elevation (ft) 24 22 22 19 
Area of representative buttress drain (900ft X 1 foot thick)/2 (loss of 6 inches from compaction) 

Solving for Q Q = -KA (d(h)/d(l)) · 
Natural Compacted 

Compaction Fill* 
K (GPD/ft"'2)= 11043.0. 2,760.8 
A (Ft"'2) 450.0 450.0 
d(h) (ft) 21.8 21.8 
d(l) (ft) . 167.5 167.5 
Q ( gal. I day) 645,273.8 161,318.5 

Q (Gal I minute)= 448.1 112.0 

Average 
5,965msl 
5,943msl 

168ft ... 

900ft. 
22ft. 

450ft"'2 

*This material may become compacted during construction of the buttress. With sufficient compaction, 
this material may have its K value reduced by 75% due to the rearrangement of particles. 
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IFROM STATION/REACH: ITO STATION/REACH: 

HYDRAULIC RESULTS 
Discharge Peak Flow Velocity (Ips) Area (sq.ft) Hyaau~c 

(cis] Period (hrs] Radius[ft] 
7.5 1.5 7.29 1.03 0.36 
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Straight C125 Unvegetated 2.25 2.21 1.02 STABLE 
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Product Specification -Structural Geogrid BX1200 

Tensar Earth Technologies. Inc. reserves the right to change its product specifications at any time. It is the responsibility of the specifier and purchaser 
to ensure that product specifications used for design and procurement purposes are current and consistent with the products used in each instance. 
Please contact Tensar Earth Technologies,)nc. at 800-836-7271 for assistance 

The structural geogrid shall be an integrally formed grid structure manufactured of a stress resistant polypropylene material with molecular 
weight and molecular characteristics which impart: (a) high resistance to loss of load capacity or structural integrity when the geogrid is 
subjected to mechanical stress in installation; (b) high resistance to deformation when the geogrid is subjected to applied force in use; and 
(c) high resistance to loss of load capacity or structural integrity when the geogrid is subjected to long-term environmental stress. 

The structural geogrid shall accept applied force in use by positive mechanical interlock (i.e. by direct.mechanical keying) with: (a) 
compacted soil or construction fill materials; (b) contiguous sections of itself when overlapped and embedded in compacted soil or 
construction fill materials; and (c) rigid mechanical connectors such as bodkins, pins or hooks. The structural geogrid shall possess 
sufficient cross sectional profile to present a substantial abutment interface to compacted soil or particulate construction fill materials and 
to resist movement relative to such materials when subject to applied force. The structural geogrid shall possess suffiCient true initial 
modulus to cause applied force to be transferred to the geogrid at low strain levels without material deformation of the reinforced structure. 
The structural geogrid shall possess complete continuity of all properties throughout its structure and shall be suitable for reinforcement of 
compacted soil or particulate construction fill materials to improve their long term stability in structural load bearing applications such as 
ea~h retenti~n systems. The structural geogrid shall otherwise have the following characteristics: . . · . 

Pr~duct Type: Integrally Formed Structural Geogrid 
Load Transfer Mechanism:. Positive Mechanical Interlock 

Product Properties 
Index Properties Units MD Values1 XMD Values1 

• Aperture Dimensions mm(in) 25 (1.0) .33 (1.3) 
• Minimum Rib Thickness2 mm(in) 1.27 (0.05) 1.27 (0.05) 

Load Capacity 
• True Initial Modulus in Use3 kN/m(lb/ft) 400 (27,420) 650 (44,550) 
• True Tensile Strength @2% Strain3 kN/m(lb/tt) 6.0 (410) 9.0 (620) 
• True Tensile Strength @5% Strain3 kN/m(lb/ft) 11.8 (810) 19.6 (1,340) 

Structural Integrity 
• Junction Efficienc/ % . 93 

• Flexural Stiffness5 mg-cm 750,000 
• Aperture Stability6 kg-cm/deg 6.5 

Durability 
• Resistance to Installation Damage %SC I %SW I %GP 95/93/90 
• Resistance to Long Term Degradation8 % 100 

Dimensions and Delivery 
The structural geogrid shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring 3.0 meters (9.8 feet) or 
4.0 meters (13.1 feet) in width and 50.0 meters (164 feet) in length. A typical truckload quantity is 165 to 220 rolls. On special request, the structural 
geogrid may also be custom cut to specific lengths or widths to suit site specific engineering designs. 

Notes 
1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM D-4759~ Brief descriptions of 

test procedures are given in the following notes. Complete descriptions of test procedures are available on request from Tensar Earth 
Technologies, Inc. · 

2. Nominal Dimensions. 
3. True resistance to elongation when initially subjected to a load measured via ASTM D6637 without deforming test materials under load before 

measuring such resistance or employing "secant" or "offset" tangent methods of measurement so as to overstate tensile properties. 
4. Load transfer capability measured via GRI-GG2-87. Expressed as a percentage of ultimate tensile strength. 
5. Resistance to bending force measured via ASTM D-5732-95, using specimens of width two ribs wide, with transverse ribs cut flush with exterior 

edges of longitudinal ribs (as a "ladder"). and of length sufficiently long to enable measurement of the overhang dimension. The overall Flexural 
Stiffness is calculated as the square root ofthe product of machine-and cross-machine-direction Flexural Stiffness values. 

6. Resistance to in-plane rotational movement measured by applying a 20 kg-em moment to the central junction of a 9 inch x 9 inch specimen 
restrained at its perimeter (U.S. Army Corps of Engineers Methodology for measurement of Torsional Rigidity). 

7. Resistance to loss of load capacity or structural integrity when subjected to mechanical installation stress in clayey sand (SC), well graded sand 
(SW), and crushed stone classified as poorly graded gravel (GP). The geogrid shall be sampled in accordance with ASTM 05818 and load 
capacity shall be measured in accordance with ASTM 06637. . 

8. Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments measured via. EPA 9090 
immersion testing. · 

Tensar Earth Technologies. Inc. 
5883 Glenridge Drive, Suite 200 
Atlanta. Georgia 30328-5363 
(800) 836-7271 

December 22, 2004 
This product specification supersedes all prior specifications for the product described above and is not applicable to any products shipped prior to 
December 22, 2004. 
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·Sec. 2.5 Designing for Separation 157 

Solution: Using the full stress on the geotextile of 550 kPa and the values 0.33, 0.15, and 
0.6 for the factors Sh S2, and Sj, respectively, 

- ,· 2 
Freqd - P daS1S2S3 

= (550)(1000)(50 X 0.001)2(0.33)(0.15)(0.6) 

= 40.8N 

Assuming that the cumulative reduction factors are 2.0, the factor of safety is as follows: 

FS =Fallow 

Freqd 

200/2.0 
40.8 

i · = 2.4 . which is acceptable 

us\ng the following assumptions (which can be modified as desired), a design 
guide can be developed as shown in Figure 2.32: the geotextile has an angular subgrade 

0 
C\i 
II 

en u_, 

2500 r---------------------------------------. 
Stone size 

150mm 

~ 
Ill 2000 

125mm 
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~ 
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c: 
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~ 
~ ::Is u 
~ 500 If----f 

75mm 

"0 
~· ·:; 
C" 
CD 
a: 25mm 

o ~~==~:;~~=-==~====~====~~12~mm_~ 
0 200 400 600 800 1000 1200 

Pressure at geotextile-stone interface (kPa) 

Figure 2.32 Puncture resistance design guide based on cumulative reduction fac
tors qf 2.0, a factor of safety of 2.0, and conditions stated in text. 
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NILEX 

Roll Length 

Gross Weight 

Nilex Corporation 
Nilex Inc. 

NILEX NONWOVEN GEOTEXTILES www.nilex.com 

TECHNICAL SPECIFICATIONS 

15171 E. Fremont Drive, Centennial, CO 80112 (303) 766-2000 
Edmonton (780) 463-9535 • Calgary (403) 543-5454 • Vancouver (604) 420-6433 • Winnipeg (204) 925-4466 

Notes: Values are MARV, reported in weaker principle direction. 'MARV' indicates minimum average roll value calculated as the typical minus two standard deVIatlons:--
Statistically, it yields a 97.7% degree of confiden~e that any sample taken during quality assurance testing will exceed the value reported.* Reported in typical value~ 



NILEX 

Mullen 

Burst 

Trapezoidal 

Water Flow Rate 

Roll Length 

Gross Weight 

Roll Area 

Nilex Corporation 
Nilex Inc. 

· D-4632 

ASTM D-4632 

ASTM 

D-4833 

ASTM 

0"3786 

ASTM 

D-4751 

ASTM D-4491 

ASTM 

Measured 

Measured 

Measured 

Measured 

Measured 

Calculated 

NILEX WOVEN GEOTEXTILES www.nilex.com 

TECHNICAL SPECIFICATIONS 

15171 E. Fremont Drive, Centennial, CO 80112 (303) 766-2000 
Edmonton (780) 463-9535 • Calgary (403) 543-5454 • Vancouver (604) 420-6433 • Winnipeg (204) 925-4466 

kN Metric 0.889 1.33 

% 15 15 

lbs 100 120 

kN Metric 0.444 0.533 

400 600 

kPa Metric 2756 4134 

lbs I ish 100 

mm Metric 0.425-Q.30 0.3 

0.05 0.05 

4 4 

m 

ft 360 360 

m 110 110 

lbs 130/155 130/155 

61n3 61n3 

500/600 500/600 

Notes: Values are MARV, reported in weaker principle direction. 'MAFlV' indicates minimum average roll value calculated as the typical minus two standard deviations. 
Statistically, it yields a 97.7% degree of confidence that any sample taken during quality assurance testing will exceed the value reported 
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Non-dispersive soil 

(DHA <0.5) 

Ao5 
0g;<0.21 mm 

Use 75 to 150 mm of fine sand between 

1 soil and geotextile, then design the 

1 Dispersive soil eotextile as a filler for the sand 
1 L--(~D~H~R~>~0~.5~)~--------------~~~~~~~~~~------: 

~---------4----------, I 

----~~ Plastic soil 
1 

: 

Less than 20% clay 
and more than 1 0% fines 

(d2J> 0.002 mm, and 
d10 < 0.075 mm) 

Less than 10% fines 
and less than 90% ravel 

(d10 > 0.075 mm, and 
d 10<4.8mm) 

More than 90% 
(d10 > 4.8 mm) 

(PI >5) I 
I 
I 
I 
I 

(PI<5) I 

r-------....--------1:----•-------------' 
1 Stable Use straight line through 

1 Application soil d 00and d:Dto obtain C'u 

1 favors (1 < Cc < 3) 
1 retention 
I 

Application 
favors 

permeability 

NOTES: 

Unstable Use straight line through 
soil d:Dand d10 to obtain C'u 

(Cc > 3orCc < 1) 

Use straight line drawn 
tangent at d00 to obtain C'u 

d x is the particle size of which x percent 1s smaner 

C'u = (d';OO where d1 00 and d'o are the extremities of a straight line drawn 
'V d;;;- through the particle-size distribution, as directed above; and 

d'50 is the midpoint of this line. 

c, (d3o)
2 

dsoxd,o 

lo = relative density of the soil 
PI · = plasticity index of the soil 
DHR = double-hydrometer ratio of the soil -----

Figure 2.4 (a) Soil retention criteria for geotextile filter design using steady-state How condi
tions. (After Luettich et al. [6)) 
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INFILTRATION CALCULATION SHEET 
DRAINAGE ROCK INTO VALLEY FLOOR ALLUVIUM 



INFILTRATION CALC SHEET 
DRAINAGE ROCK INTO VALLEY FLOOR ALLUVIUM 

Rocky Flats OLF Infiltration Zone 

Designed by: CAB 

Given 
Using Darcy's Law Q = -KA {d(h)/d(l)} 

Where Q = discharge (gpd/ftA2) 

K =hydraulic conductivity (gpdfftA2) 

A = area (ftA2) 

{d(h)/d(l)} =hydraulic gradient (ft/ft) or head 

Date: 4/29/2005 

I , 
I 
I 

Conductivity varies in a fluvial system due to interconnected beds or layers of silty clay and clayey sand and gravels. 

Mean hydraulic conductivity= 9.74 m/day 

K (mean value from permeability test) 

Minimum Design Criteria: Q = I gal/min 

Area of representative infiltration zone 

m/day 

9.738144 

gpd/ftA2 

238.9740538 

62,400ftA2 

Assumptions* -Only I 0% of the high conductivity beds or layers will be directly connected to the drain rock. 

Adjusted infiltration area due to minimal contact with high infiltration zone= 6,240 ftA2 

Solving for Q Q = -KA ( d(h)/d(l)) 

K (gpd/ft"2)= 

A (ft"2)- adjusted to 10% 

d(h) (ft) 

d(l) (ft) 

Q (gal: I day)= 

Q (gal I minute)= 

238.9741 

6,240.0 

1.0 

1.0 

1,491,198.1 

1,035.5542 

Average conductivity rates were based on slug test, pump test and recovery test from the following well IDs 00293, 00491, 
13491, 1586, 3586, 3886, 5686, 6586, 6886, 7086, 8 I 02289, 8202489, 8202589, 8302889, 0-1, 0-2, 0-3, 1-1, 1-2. 
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INFILTRATION CALC SHEET 
DRAINAGE ROCK INTO VALLEY FLOOR ALLUVIUM USING 

TWO WELLS NEAR THE OLF BUTTRESS AND WOMAN CREEK 

The permeability tests from nineteen wens were originany evaluated for infiltration into the vaney floor 
anuvium. From these nineteen wens, two wens, located near the buttress and Woman Creek were evaluated to 
address ·concerns of using wens outside of the buttress area. The calculations are shown below. 

Rocky Flats OLF infiltration zone - Wells 7086 & 5686 
· Designed by: CAB 

Using Darcy's Law .Q= -KA{d(h}/d(l)} 
Where Q = Discharge (GPD/ft"2} 

K = hydraulic conductivity (GPD/ft"2} 

A = Area Ft"2} 
{d(h}/d(l)} = hydraulic gradient {ft/ft} or Head 

Date: 5/11/2005 

Conductivity varies in a fluvial system due to inter~onnected beds or layers of silty clay and clayey sand and 
gravels. 

WeiiiD 

5686 

·7086 

Zone tested 
6.16-9.6' 

1.7-7.9' 

Saturated 
Thickness 

3.44 

6.16 

Depth to 
Water 

6.16 

Average 

1.74 

Average 

Kern/sec K ft/day m/day Gal/day/ft 
5.43E-06 0.0154 
3.20E-04 0.907 
3.20E-04 0.907 
2.15E-04 0.61 0.19 4.5"6 

1.50E-04 0.425 
2.10E-04 0.595 
1.80E-04 5.10E-01 0.16 3.82 

Average <>.17 4.19 
Minimum Design Criteria: Q = 1 Gal/min 
Area of representative infiltration zone 62,400 ft"2 
Assumptions* -"Only 10% of the high conductivity beds or layers will be directly-connected to the drain rock 
Adjusted infiltration area due to minimal contact with high infiltration zone = 6,240 ftA2 

Solving for Q = -KA (d(h}/d(l}} 

K (GPD/ft"2}= 
A (Ft"2}- adjusted to 10% 
d(h} (ft} 
d(l} (ft} 
Q ( gal. l day}= 

Q= Gal/ minute 

4.17 
6240.0 

1.0 
1.0 

26,020.8 

18.07 

**Calculated using test from wells 7086 and 5686. A total of 5 test were completed that were determined usable. 

An average conductivity from these 2 wells wer.e used to -calculate infiltration rates using the"same 10% area 

exposed to areas of these infiltration ~ones. 
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APPENDIXF 

LANDFILL ENGINEERING- FINAL DESIGN 
EVALUATION OF 100-YEAR EVENT FROM WOMAN CREEK 

ON THE TOE OF THE BUTTRESS 



APPENDIXF 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
ACCELERATED ACTION DESIGN FOR THE ORIGINAL LANDFILL 

LANDFILL ENGINEERING- FINAL DESIGN 
EVALUATION OF 100-YEAR EVENT FROM WOMAN CREEK 

ON THE TOE OF THE BUTTRESS 

MAY 11,2005 

Prepared by: 

Earth Tech, Inc. 
5575 DTC Parkway, Suite 200 
Englewood, Colorado 80111 

(303) 694-6660 

This calculation was performed by Earth Tech, Inc. Although each sheet composing this calculation may or 
may not be initialed, it has nonetheless been reviewed and checked. 

Prepared By: CB Date: 4112/05 

Checked By: RT Date: 4/12/05 

Approved By: RT Date: 4/12/05 
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Project: RFETS - Original Landfill Accelerated Action Project No. 57378.6040 Date: 5/11105 
Subject: Landfill Engineering -Evaluation of 100-Yr Event from Woman Creek on Toe of the Buttress 
By: CB Date: 4/12/05 Chk By: RT Date: 4/12/05 App By: RT Date: 4/12/05 

Table F-1 

Attachment 1 
Attachment 2 
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North American Green ECMS Calculations Cross Sections A-A' through D-D' 



EARTH:@>T f! C H 

A 'fiFD JNTERNAnoNAt LTC. CCIMMNY 

5575 DTC Parkway, Suite 200 
Englewood, Colorado 80111 

Project: RFETS - Original Landfill Accelerated Action Project No. 87378.6040 
Subject: Landfill Engineering -Surface Water Management System Assessment 

SheetF1 

Date: 5/11/05 

By: CB Date: 4/12/05 Chk By: RT Date: 4112/05 App By: ""'R"""T __ _ Date: 4/12/05 

1.0 INTRODUCTION 

This evaluation of a 100-year storm event on the buttress was developed to address potential storm water impacts 
on the Original Landfill (OLF) Accelerated Action that may arise from Woman Creek's flood plaip. 

. I 

I 
This evaluation addresses the following element: I 

1. The erosion surface at the toe of the buttress at the OLF Accelerated Action Sit.e. 

2.0 LANDFILL DESCRIPTION, LOCATION AND DRAINAGE 

The OLF site is located south of Rocky Rats Environmental Technology Site (RFETS) Buildings 440 and 460, 
along the north hillside of a ravine in the Woman Creek drainage area, extending from an approximate elevation of 
6,040 feet at the top to an elevation of 5,950 feet at its base. Waste operations began in the early 1950s and 
continued through 1968. The OLF site footprint has a maximum length along the. east-west direction of 
approximately 1,700 feet and approximately 500 feet in the north-south direction, with an approximate area on the 
order of 20 acres. 

3.0 REFERENCES 

The surface water management system for the OLF was evaluated using guidelines provided in the following 
documents: 

1. "SEDCAD 4 for Windows 95/98& NT," Design Manual and User's Guide, 2001. 

2. "Urban Storm Drainage Criteria Manual" (Drainage Manual), Denver Urban Drainage and Rood Control 
. District. 

3. "ErosionControl Materials Design Software Version 4.2 for Windows," North American Green, 2002. 

4. "Applied Hydrology and Sedimentology for Disturbed Areas," B.J. Barfield, R.C. Warner and C.T. Haan, 
1981. 

4.0 EVALUATION CRITERIA 

The attached North American Green model was used to evaluate the existing drainage characteristics of Woman 
Creek's 100-year flood plain. The model evaluated the following. 

1. Encroachment of the OLF buttress on the Woman Creek 100-year flood plain. See Attachment 1 for the 
estimated 100-year flood plain. 

2. Effectiveness of the buttress cover from erosion from Woman Creek's 100-year flood plain. 
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5.0 HYDROLOGIC AND HYDRAULIC DESIGN APPROACH 

Sheet F2 

Date: 5/11/05 

Date: 4/ 12/05 

Velocities in Woman Creek during the 100-year event were evaluated using three separate methodologies. The 
first methodology, being the simplest and least accurate, was Q=AV to determine the overall velocities in the 
channel. The second methodology used Chezy's equations to take into .consideration the channel configuration 

.\(using the wetted perime. teras depicted on the 100-year event map) and the channel roughness due to vegetation. 
The final analysis was completed using the North American Green model, which uses a modified Chezy' s 
equation to incorporated different side slopes and vegetation. See Attachment 2 for the calculations. 

To understand the variability of the three methods, cross-section C-C' was evaluated to validate each of the 
methods. At cross-section C-C' the three different techniques showed that velocities ranged from 1.1 feet per 
second (fps) for V=Q/A, to 4.8 fps based on Chezy's equation, and the North American Green model showed 3.0 
fps. 

It was determined that the North American Green model would more closely model natural conditions by 
allowing input of both right and left bank slopes along with channel characteristics. 

Four cross-sections were completed across Woman Creek to the buttress. Cross-sections A-A' through C-C' were 
spaced throughout the native channel configurations. A forth cross-section, D-D', was created at the narrowest 

. point in the valley using the buttress design location. This cross section was used to evaluate a worst-case 
scenario. A comparative analysis was completed at cross-sections A-A' through C-C' using the assumption that 
the channel bottom was narrowed due to constriction from the buttress. Table F-1 summarizes these analyses (see 
Attachment 3). 

Table F.:l 
Orieinal Landfill - Channel Stability 

Natural Channel 
Average 

Evaluated Channel Left Side Right Side Channel Stream 
Cross Section Width Slope Slope Bottom Desien Depth Velocities Stability 

A-A' 208 12:1 60:1 64 1.57 2.55 Stable 
B-B' 216 19:1 12:1 136 1.10 2.86 Stable 
C-C' 160 17:1 12:1 48 1.96 3.05 Stable 
D-D' NA NA NA NA NA NA NA 

Channel with Buttress 
Average 

Evaluated Channel Left Side Right Side Charinel Stream 
Cross Section Width Slope Slope Bottom Design Depth Velocities Stability 

A-A' 152 3:1 60:1 24 2.02 2.71 Stable 
B-B' 140 3:1 12:1 80 1.32 4.06 Stable 
C-C' 160 17:1 12:1 48 1.21 4.2 Stable 
D-D' 132 3:1 24:1 104 1.21 3.31 Stable 
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6.0 CONCLUSIONS 

Sheet F3 

Date: 5/11/05 

Date: 4/12/05 

Calculations were based on the 480-cubic-foot-per-second (cfs) discharge rate provided to Earth Tech via Mike 
Keating from Diana Woods and the site topography (State Plain Coordinate projection (3476) NAD 27) as 
depicted on the CH2MHill map also provided to Earth Tech on 3/14/2005. The recent OLF to~ography survey 
(January 2004) did not extend up the opposite side of Woman Creek; therefore, the old base map/topography was 
used. , 

In each of these cross-sections, the buttress remained stable under the modeled parameters, which did not model 
the use of erosional mats. Although not required from this analysis to aid in this stabilization, C350 Permanent 
Turf reinforcement will cover the toe of the buttress to aid in stabilizing the soil until sufficient vegetation is 
established due to the construction of the buttress. Revegetative species may include short woody species such as 
willow in this valley fill area. 

Although the 100-year flood plain map indicated the depth reaches over 4 feet, this could not be duplicated in this 
evaluation. These increased depths may be due to hydraulic control outside of the analysis area. Given a 
discharge of 480 cfs, if the depth did increase, the velocities would decrease to balance Q = A V. 

This analysis indicates minimal erosion and the buttress's side slope will remain stable during the 100-year event 
from Woman Creek. 

L:\worN73781WoriN'roducNJLF\Final Dtsign\AppondictMppmdix F • /OOyr El'aluation of Woman Crult\Final· Appondix F.doc 



EARTH@T • C H 

A 'fiFD ll.rrER.NATKJNA( LTD. COMfloWY 

5575 DTC Parkway, Suite 200 
Englewood, Colorado 80 Ill 

Project: RFETS - Original Landfill Accelerated Action Project No. 87378.6040 
Subject: Landfill Engineering -Surface Water Management System Assessment 
By: CB Date: 4/12/05 Chk By: RT Date: 4/12/05 App By: ~R"""T __ _ 

Calculation by: CA Boudreau 

Evaluation ofV=Q/A and Chezy's Equation 

\Given: 
Q = 480 cubic feet per second 

Sheet F4 

Date: 5/11105 

Date: 4/12/05 

A = cross-sectional area of 100-year flood plain map at given cross-section 
S = channel slope 

V=Q/A 

Chezy's Equation 

WP = wetted perimeter of channel cross-section 
R=AIWP 
N = 0.10 for a very weedy reach (min 0.075 to max 0.15) 

V=480cfs/437.5ft2 = 1.1 fps 

WP = 437.5/164.4 = 2.66 

V = 1.49/N*(R)"0.666*(S)"0.5 
v = 1.49/.1 *(2.66)"0.666*(0.0284)"0.5 = 4.8fps 



APPENDIXF 

ATTACHMENT 1 
ESTIMATED 100-YEAR FLOOD PLAIN 
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FLOODPLAIN 
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X 
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FLOODPLAIN WITH BUTTRESS 
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APPENDIXF 

ATTACHMENT 2 
CALCULATIONS FOR CROSS-SECTION C-C' 

USING V=Q/A AND CHEZY'S EQUATION 

I 
I 
I 

I 



EARTH@T E C H 

5575 DTC' Parkway. Suite 200 
Englewood. Colorado 80 Ill 

Project: Rocky Flats Environmental Technology Site- Otiginal Landfill Closure Project No. 57378.4001 

Subject: Landfill Engineering -Surface Water Management System Assessment 

By: REA Date: 5/9/05 ChkBy: ___ _ 

Calculation by: CA Boudreau 

Evaluation ofV=Q/A and Chezy's Equation 

\ G;ven: 

Date: ___ _ 

Q = 480 cubic feet per second 

AppBy: ___ _ 

Sheet F2-1 

Date: 5/9/05 

Date: ___ _ 

A= cross-sectional area of 1 00-year flood plain map at given cross-section 
S = channel slope 

V=Q/A 

Chezy's Equation 

WP = wetted perimeter of channel cross-section 
R=A/WP 
N = 0.10 for a very weedy reach (min 0.075 to max 0.15) 

V=480CFS/437.5ft2 = 1.1 fps 

WP = 437.5/164.4 = 2.66 

V = 1.49/N*(RY'0.666*(SY'0.5 
v = 1.49/.1 *(2.66)/\0.666*(0.0284Y'0.5 = 4.8 fps 



\ 

APPENDIXF 

ATTACHMENT 3 
NORTH AMERICAN GREEN ECMS CALCULATIONS 

CROSS-SECTIONS A-A' THROUGH D-D' 



LINER RESULTS 

Matting Type 
Reach 

Staple Pattem 

St•ai9ht Umeinfo1ced 

'IPROJECT NO: NATURAL · 
ff.oSTA TIONiR~:t<CH: 

\/~elation Chalacle~istics 
Stabitity Anglysis 

Phase' Cia:. I T l'Pe IDensoy 

Veget~tion I 8 I Mix 175·957. 
Soil Sand,• Loam 

Unreinfo1ced Vegetation (n•0.1 00) 

Pe.missible 
She01 St1ess 

(psf) 

5.73 
0.035 

~i h 
/'~ .. ~ 

.........._____" : · .. / ' . ',. 

1~ '~· . · ... -J1 
Bottom 

2.0 'Width. 64.00 It 0.0 

N<>llo Scale 

C<>!c.-ated Safety F oct01 Rema~ks 
Shear Sires$ 

. {psi) 

2.64 2.17 STABLE 

0.016 2.18 STABLE 



"***************************************************************************** 
NORTH AMERICAN GREEN EROSION CONTROL MATERIALS DESIGN SOFTWARE VERSION 4.3 
NORTH AMERICAN GREEN CHANNEL PROTECTION- ENGLISH/S.I. 
USER SPECIFIED CHANNEL LINING BACK-UP COMPUTATIONS 
***************************************************************************** 

I 

PROJE~ NAME: Rocky Flats - OLF 
COMPUT~D BY: CAB 

PROJECT NO.: Natural Channel 
DATE: 4/11/2005 
TO STATION/REACH: FROM STATION/REACH: A-A' 

DRAINAGE AREA: DESIGN FREQUENCY: 100 YR 

***************************************************************************** 
INPUT PARAMETERS 

***************************************************************************** 

Channel Discharge 
Peak Flow Period 
Channel Slope 
'~annel Bottom Width 
,ft Side Slope 

.Kight Side Slope 

480.0 cfs (13.58 mA3/s) 
5 hours 
0.027 ft/ft (0.027 m/m) 
64.0 ft (19.51 m) 
12:1 
60:1 

Channel Lining : Unreinforced Vegetation Mix 75-95% 
Permi. Shear(Tp) :5.73 psf (274.4 Pa) 

Phase = 1 
Class = B Vegetation 
Soil = Sandy Loam 
Allowable Soil Shear(Ta) :0.035 psf (1.67580000713468 Pa) 

***************************************************************************** 
CALCULATIONS 

***************************************************************************** 

Initial Depth Estimate= 0.16 * (480.0 /(0.027A0.5))A0.375 = 3.19 ft (.97 m) 
Final Channel Depth (after 9 iterations) = 1.57 ft (0.48 m) 
Flow Area.= (64.0 * 1.6)+(0.5 *1.57A2 * (12.0+60.0)) 188.4 sq.ft (17.5 mA2) 
Wet Per. =64.0 +(1.6*(((12.0A2)+1)A.5 +((60.0A2)+1)A.5)) 176.8 ft (53.9 m) 
Hydraulic Radius = (188.4 I 176.8) = 1.1 ft (0.3 m) 
Channel Velocity =(1.486/0.100)*(1.1A0.667)*(0.027A.5) = 2.5 fps (0.8 m/s) 

Channel Effective Manning's Roughness 
Calculated Shear (Td) = 62.4 * 1.57 * 0.027 
Safety Factor = (Tp/Td) = (5.73 /2,64) 

0.100 
2.64 psf (126.3 Pal 
2.17 

~ffective Stress on Soil (Te)=2.6*(1-0.75}*(0.0156/0.100)A2 =0.02 psf (0.8 Pa) 
1fety Factor = (Ta/Te) = (0.04 /0 .. 016) = 2.18 



r.:-:;"'7'__,.---:=---;=;::;:.-;=::':"':;-:;----------~---··""'J·1741~1W".::;;:oo;::;;s".Jio~:!i91"!<1lr:::co""~"'""-PU::-: ___ :-:rE==_o""'Jl""'Y:"'"'_Ct>,ll:-: __ -=-____ -_____ -_ -------

. :(TO ~TAIION/Rf'ACH:. 
JPROJECT NO.: Natural 
fDRi>!'JAGE .tlfi~A:_. . ..... itDE!!li:!N FR~!JUEI':Ii:Y: lQO VI 

u,.einlorced Vegetation (n=0.085] 

I 

_1~0 Bottom 
Width = 136.00 ft 

LINER RESUlTS Not to Scale 

Matting Type Vegetation Chalacteristics 
Reach Stabi!ty Analysis Permissible Calculated Safety Fact01 Remarks 

Staple Pattern Phase 1Cia••1 Type 'Density Shear 5~••• Shear Stress 
(psi I (psi] 

Straight Unreinlorced Vegetation I B J Mix 175-95:; 5.73 1.85 3.10 STABLE 
Soil. SandY Loom 0.035 0.016 2.23 STABLE 



"***************************************************************************** 
NORTH AMERICAN GREEN EROSION CONTROL MATERIALS DESIGN SOFTWARE VERSION 4.3 
NORTH AMERICAN GREEN CHANNEL PROTECTION - ENGLISH/S.I. 
USER SPECIFIED CHANNEL LINING BACK-UP COMPUTATIONS 
***************************************************************************** 

PROJE~T NAME: Rocky Flats OLF 
COMPUTED BY: CAB 

PROJECT NO.: .Natural 
DATE: 4/12/2005 
TO STATION/REACH: FROM STATION/REACH: B-B' 

DRAINAGE AREA: DESIGN FREQUENCY: 100 yr 

***************************************************************************** 
INPUT PARAMETERS 

***************************************************************************** 

Channel Discharge 
Peak Flow Period 
Channel Slope 
-~annel Bottom Width 

ft Side Slope 
Kight Side Slope 

480.0 cfs (13.58 m"3/s) 
5 hours 
0.027 ft/ft (0.027 m/m) 

· 136.0 ft (41.45 m) 
19:1 
12:1 

Channel Lining : Unreinforced Vegetation Mix 75-95% 
Permi. Shear(Tp) :5.73 psf (274.4 Pa) 

Phase = 1 
Class = B Vegetation 
Soil = Sandy Loam 
Allowable Soil Shear(Ta) :0.035 psf (1.67580000713468 Pa) 

***************************************************************************** 
CALCULATIONS 

***************************************************************************** 

Initial Depth Estimate= 0.16 * (480.0 /(0.027"0.5))"0.375 = 3.19 ft (.97 m) 
Final Channel Depth (after 10 iterations) 1.1 ft (0.33 m) 
Flow Area= (136.0 * 1.1)+(0.5 *1.10"2 * (19.0+12.0)) 168.0 sq.ft (15.6 m"2) 
Wet Per. =136.0 +(1.1*(((19.0"2)+1) ...... 5 +((12.0"2)+1)".5)) = 170.1 ft (51.9 m) 
Hydraulic Radius= (168.0 I 170.1) 1.0 ft (0.3 m) 
Channel Velocity =(1.486/0.085}*(1.0 ..... 0.667)*(0.027 ...... 5) 2.9 fps (0.9 m/s) 

Channel Effective Manning's Roughness 
Calculated Shear (Td) = 62.4 * 1.10 * 0.027 
Safety Factor= (Tp/Td) = (5.73 /1,85) 

= 0.085 
1.85 psf (88.6 Pa) 
3.10 

~ffective Stress on Soil (Te)=1.9*(1-0.75)*(0.0156/0.085)"2 =0.02 psf (0.7 Pa) 
1fety Factor = (Ta/Te) = (0.04 /0.016) 2.23 



li'J~~h.l\!!l.!'l:ic~~ Greet').: .EC~()S Ver~.i.or1. 43 __ 
-IPfl.OJECT.f~O.: N.~.tur~L. fAOJECTN~t>fE: Aock~FI~t~QLF 

1#801-,1 ?JATI()N/AEACH: C:C' m • • ITO.SJATION/REAC:H: · JDR.t>,INAGE AREA: .... 
HYDRAULIC RESULTS 

Unreinlorced Vegetation (n..0.066) 

I I 
!\:-~:~// 

_j1 
12.0 

LINER RESULTS Nol to Scale 

Matting Type Veg~talion Char~cleristics 

Reach Stabihly Analysis Permissible Calculated s~fet}' Factor Remarks 
Staple Paltetn Pha'e I Class I T }•pe I Density Shear S~ess Shear Stress 

{psi) (psf) 

Straight Unreinforced Vegetation I B I Mix J75·957. 5.73 2.70 2.12 STABLE 

Soil Sandy loam 0.035 0.038 0.92 UNSTABLE 

I 
I 
i 
I 



II***************************************************************************** 
NORTH AMERICAN GREEN EROSION CONTROL MATERIALS DESIGN SOFTWARE VERSION 4.3 
NORTH AMERICAN GREEN CHANNEL PROTECTION- ENGLISH/S.I. 
USER SPECIFIED CHANNEL LINING BACK-UP COMPUTATIONS 
***************************************************************************** 

PROJEC~ NAME: Rocky 
CbMPUTED BY: CAB 
FROM STATION/REACH: 

Flats OLF PROJECT NO.: Natural 
DATE: 4/12/2005 

C-C' TO STATION/REACH: 
DRAINAGE AREA: DESIGN FREQUENCY: 100 yr 

***************************************************************************** 
INPUT PARAMETERS 

***************************************************************************** 

Channel Discharge 
Peak Flow Period 
Channel Slope 

'1annel Bottom Width 
:ft Side Slope 

Right .Side Slope 

480.0 cfs (13.58 mA3/s) 
5 hours 
0.027 ft/ft (0.027 m/m) 
48.0 ft (14.63 m) 
17:1 
12:1 

Channel Lining : Unreinforced Vegetation Mix 75~95% 
Permi. Shear(Tp) :5.73 psf (274.4 Pa) 

Phase 1 
Class = B Vegetation 
Soil = Sandy Loam 
Allowable Soil Shear(Ta) :0.035 psf (1.67580000713468 Pa) 

***************************************************************************** 
CALCULATIONS 

***************************************************************************** 

Initial Depth Estimate= 0.16 * (480.0 /(0.027A0.5))A0.375 = 3.19 ft (.97 m) 
Final Channel Depth (after 9 iterations) = 1.6 ft (0.49 m) 
Flow Area= (48.0 * 1.6)+(0.5 *1.60A2 * (17.0+12.0)) = 114.2 sq.ft (10.6 mA2) 
Wet Per. =48.0 +(1.6*(((17.0A2)+1)A.5 +({12.0A2)+1)A.5)) 94.6 ft (28.8 m) 
Hydraulic Radius = (114.2 I 94.6) = 1.2 ft (0.4 m) 
Channel Velocity =(1.486/0.066)*(1.2A0.667)*(0.027A.5) 4.2 fps (1.3 m/s) 

Channel E~fective Manning's Roughness 
Calculated Shear (Td) ~ 62.4 * 1.60 * 0.027 
Safety Factor= (Tp/Td) = (5.73 /2.70} 

0.066 
2.70 psf (129.3 Pa) 
2.12 

~ffective Stress on Soil (Te)=2.7*(1-0.75)*(0.0156/0.066)A2 =0.04 psf (1.8 Pa) 
ifety Factor= (Ta/Te) = (0.04 /0.038) = 0.92 



. Jf'ROJECT NO.: W'ITH.BUTTRE.S.S .... i 

Unreinf01ced Vegetation fn=0.1 001 

l 

\ 

/ s. 00270 

~ 
I .Botlom 1

1 

~ Wrdth • 24.00 It Glr.'o 

LINER RESULTS Not to Scole 

Molting Type Vegetotion Cha~acte~istics 
Reoch l5tabiity Analysis Permissible Colculated Soiet)• F11Ct01 Remark• 

Staple Patte~n Pha:e r Ckr•sr T )ope I Density. Shear Stre•s Shear Stress 
fpstl fpsl) 

Straight Unreinforced Vegetation I 8 I Mi• 175-95~- 5.73 3.41 1.68 STABLE 

Soil Sandy Loam 0.035 0.021 1.69 STABLE 



"***************************************************************************** 
NORTH AMERICAN GREEN EROSION CONTROL MATERIALS DESIGN SOFTWARE VERSION 4.3 
NORTH AMERICAN GREEN CHANNEL PROTECTION- ENGLISH/S.I. 
USER SPECIFIED CHANNEL LINING BACK-UP COMPUTATIONS 
***************************************************************************** I 

PROJECT NAME: Rocky 
COMPUTED BY: CAB 
FROM STATION/REACH: 
DRAINAGE AREA: 

Flats - OLF 

A-A"" 

PROJECT NO.:. WITH BUTTRESS 
DATE: 4/11/2005 

TO STATION/REACH: 
DESIGN FREQUENCY: 100 YR 

I 
I 

I 

***************************************************************************** 
INPUT PARAMETERS 

***************************************************************.************** 

Channel Discharge 
Peak Flow Period 
Channel Slope 
-·,annel Bottom Width. 

ft Side Slope 
Kight Side Slope 

· 480.0 cfs (13.58 mA3/s) 
5 hours 
0.027 ft/ft (0.027 m/m) 
24. 0 ft ( 7. 32 m) 
3:1 
60:1 

Channel Lining : Unreinforced Vegetation Mix 75-95% 
Permi. Shear(Tp) :5.73 psf (274.4 Pa) 

Phase 1 
Class = B Vegetation 
Soil = Sandy Loam 
Allowable Soil Shear(Ta) :0.035 psf (1.67580000713468 Pa) 

***************************************************************************** 
CALCULATIONS 

***************************************************************************** 

Initial Depth Estimate= 0.16 * (480.0 /(0.027AO.S))A0.375 = 3.19 ft (.97 m) 
Final Channel Depth (after 8 iterations) = 2.02 ft (0.62 m) 
Flow Area= (24.0 * 2.0)+(0.5 *2.02A2 * (3.0+60.0)) 177.2 sq.ft (16.5 mA2)· 
Wet Per . = 2 4 . 0 + ( 2 . 0 * ( ( ( 3 . 0 A 2 ) + 1) A • 5 + ( ( 6 0 . 0 A 2 ) + 1) A . 5) ) = 151 . 7 f t ( 4 6 . 2 m) 

:Hydraulic Radius= (177.2 I 151.7) · 1.2 ft (0.~ m) 
Channel Velocity =(1.486/0.100)*(1.2A0.667)*(0.027A.5) = 2.7 fps (0.8 m/s) 

Channel Effective Manning's Roughness 
Calculated Shear (Td) = 62.4 * 2.02 * 0.027 
Safety Factor = (Tp/Td) = (5.73 /3.41) 

= 0.100 
= 3.41 psf (163.1 Pa) 

1. 68 

Rffective Stress on Soil (Te)=3.4*(1-0.75)*(0.0156/D.lOO)A2 =0.02 psf (l.D Pa) 
tf·ety Factor = (Ta/Te) = (0. 04 /0. 021) = 1.'69 
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lf>Ro~ECT N.,t..ME: .. Fio.ckv. Fl.ots OLF JPAOJECT NO.:.Wah Bt.ttres.s 
t.Ro~vt ~IATJPWFI~AcH: ~:11.: Jro ~TAJIPN/REAcH . loFIAINAG.E AR~ · · ·· · :IPE~IGN-i'A.EouENr:-,;;· ipQ \II 

HYDRAUliC RESULTS 

liNER RESUL IS 

Matting Type Vegetation Cha~acteristics 
Rea.ch 5 tabi~ty Ana~ sis 

St~ple Pattern Pha•e I Class I Type IDensi~· 

·Straight Uroeirlorced Veget3tion I B I Mix j75·95:( 
Sorl Sandy loam 

Unreinlorced Vegetation (n•O 067} 

Permissible 
Shear Stress 

(psi) 

5.73 

0.035· 

~ 
1~ •. 

Bottom 
Width = 80.00 It 

Not lo S.cale 

Calculated Safety Factor Remarks 
Sh<oar Stress 

(psi) 

2.22 2.58 STABLE. 
0.030 1.18 STABLE 



"***************************************************************************** 
NORTH AMERICAN GREEN EROSION CONTROL·MATERIALS DESIGN SOFTWARE VERSION 4.3 
NORTH AMERICAN GREEN CHANNEL PROTECTION - ENGLISH/S.I. 
USER SPECIFIED CHANNEL LINING BACK-UP COMPUTATIONS 
***************************************************************************** 

PROJECT NAME: Rocky Flats OLF 
COMPUTED BY: CAB 
FROM STATION/REACH: B-B' 
DRAINAGE AREA: 

PROJECT NO.: With Buttress 
DATE: 4/12/2005 
TO STATION/REACH: 
DESIGN FREQUENCY: 100 yr 

i 

***************************************************************************** 
INPUT PARAMETERS 

***************************************************************************** 

Channel Discharge 
Peak Flow Period 
Channel Slope 

annel Bottom Width 
.ft Side Slope 

Right Side Slope 

480.0 cfs (13. 58 m ... 3/s) 
5 hours 
0.027 ft/ft (0.027 m/m) 
80.0 ft (24.38 m) 
3:1 
12:1 

Channel Lining : Unreinforced Vegetation Mix 75-95% 
Permi. Shear (Tp) :5.73 psf (274. 4 Pa) 

Phase = 1 
Class = B Vegetation 
Soil = Sandy Loam 
Allowable Soil Shear (Ta): 0. 035 psf (1. 67580·000713468 Pa) 

***************************************************************************** 
CALCULATIONS 

***************************************************************************** 

Initial Depth Estimate= 0.16 * (480.0 /(D.027 ... 0.5)) ... 0.375 = 3.19 ft (.97 m) 
Final Channel Depth (after 10 iterations) 1.32 ft (0.40 m) 
Flow Area= (80.0 * 1.3)+{0.5 *1.32 ... 2 * (3.0+12.0)) = 118.3 sq.ft. (11.0 m ... 2). 
Wet Per. =80.0 +(1.3*(((3.0 ... 2)+1) .... 5 +((12.0 ... 2)+1) .... 5)) = 100.0 ft {30.5 m) 
Hydraulic Radius = (118.3 I 100.0) = 1.2 ft (D.4 m) 
Channel Velocity =(1.486/0.067)*(1.2 ... 0.667)*(0.027 .... 5) = 4.1 fps (1.2 m/s) 

Channel Effective Manning's Roughness 
Calculated Shear (Td) = 62.4 * 1.32 * 0.027 
Safety Factor= (Tp/Td) = (5.73 /2.22) 

= 0.067 
2.22 psf (L06.2 Pa) 
2.58 

~fective Stress on Soil (Te)=2.2*(1-0.75)*(0.0156/D.067) ... 2 =0.03 psf (1.4 Pa) 
~fety Factor = (Ta/Te) = (0.04 /0.030) = 1.18 

" 



\ 

LINER RESULTS 

I 
Matting Type 

jstability Analysis 
Vegetation Char acleristics 

Reach 
Staple Pattern Phase I Class I Type IOensii.Y 

I Str.oight Unreirlorced Vegetation I B I Mix j75-95% 

I Soil Sandy Loam 

Unreinf01ced Vegetation ln=0.066) 

Permissible 
Shear Stress 

ips I) 

5.73 

0.035 

! . I 

~/ 

Calculated 
Shear Stress 

ipsl) 

2.70 

O.D38 

' ' ' ' ' ' ' ' 
' ' 

Bouom 
Width = 48.00 fl 

. Not to Scale 

Safety Facl01 Remarks 

2.12 STABLE 

0.92 UNSTABLE 



''*****************************************************~****~****************** 
NORTH AMERICAN GREEN EROSION CONTROL MATERIALS DESIGN SOFTWARE VERSION 4.3 
NORTH AMERICAN GREEN CHANNEL PROTECTION - ENGLISH/S.I. 
USER SPECIFIED CHANNEL LINING BACK-UP COMPUTATIONS 
********************************************************************~******** . I 

PROJECT NAME: Rocky Flats OLF 
COMPUTED BY: CAB 

PROJECT NO.: With Buttress 
DATE: 4/12/2005 
TO STATION/REACH: FROM STATION/REACH: C-C' 

DRAINAGE AREA: DESIGN FREQUENCY: 100 yr 

***************************************************************************** 
INPUT PARAMETERS 

***************************************************************************** 

Channel Discharge 
Peak Flow Period 
rhannel Slope 

annel Bottom Width 
_.=ft Side Slope 
Right Side Slope 

480.0 cfs (13.58 mA3/s) 
5 hours 
0.027 ft/ft (0.027 m/m) 
48.0 ft (14.63 m) 
17:1 
12:1 

Channel Lining : Unreinforced Vegetation Mix 75-95% 
Permi. Shear(Tp) :5.73 psf (274.4 Pa) 

Phase 1 
Class = B Vegetation 
Soil Sandy Loam 
Allowable Soil Shear(Ta) :0.035 psf (1.67580000713468 Pa) 

***************************************************************************** 
CALCULATIONS 

***************************************************************************** 

Iriitial Depth Estimate= 0.16 * (480.0 /(0.027A0.5))A0.375 = 3.19 ft (.97 m) 
·Final Channel Depth (after 9 iterations) 1.6 ft (0.49 m) 
Flow Area= (48.0 * 1.6)+(0.5 *1.60A2 * (17.0+12.0)) = 114.2 sq.ft (10.6 mA2) 
Wet Per. ==48.0 +(1.6*(((17.0A2)+1)A.5 +({12.0A2)+1)A.5)) == 94.6 ft (28.8 m) 
Hydraulic Radius = (114.2 I 94.6) 1.2 ft (0.4 m) 
Channel Velocity =(1.486/0.066)*(1.2A0.667)*{0.027A.5) 4.2 fps (1.3 m/s) 

Channel Effective Manning's Roughness 
Calculated Shear (Td) 62.4 * 1.60 * 0.027 
Safety Factor= (Tp/Td) = (5.73 /2.70) 

= 0.066 
= 2.70 psf (129.3 Pal 

2.12 

~fective Stress on Soil (Te)=2.7*(1-0.75)*(0.0156/0.066)A2 ==0.04 psf {i.8 Pa) 
_afety Factor = (Ta/Te) = (0.04 /0.038) = 0.92 
II 



lNorth AmeriG.~~ .. (;reen · E.C.MO.S.V.,sion.Al 
lf.'BD,J~CT NAM .. E.: .... I':l.oc!w flat~ PI! ... 
lFROM ST,ATIONIR~,AC!i: D:D.'... . .JfO.S.T,ATIONff!E.ACH: 

'!PROJECT NO.: Wilh Butlr.ess 
- JDflAINA~EAREA: ... -~~ .. Jb£si~NfBEOL.JENC'( lQOvr 

HYPBAUUC RESULTS 
U.-.einfmced Vegetation (n-tl077) 

\ 

I I 
~~ . . . . . . 

llro Bottom · 
Width= 104.00 II 

_jl 
24.0 

UNER RESULTS Not to Scole 

Matting Type 
~tabUy Analysis 

Vegetation Cha.acteristics 
Reach Permissible Calculated Safely Factor Remarks 

Staple P altern Phase I Class 1 r ype _eens~}' Shear Stress Shear Stress 
(psi) (psf) 

Str~ght U.-.einlorced Vegetation I 8 I Mix 175·95% 5.73 2.03 2.82 STABLE 
Soi Sandy Loom 0.035 0.021 1.67 STABLE 



"**********************************~*********************~******************** 
NORTH AMERICAN GREEN EROSION CONTROL MATERIALS DESIGN SOFTWARE VERSION 4.3 
NORTH AMERICAN GREEN CHANNEL PROTECTION - ENGLISH/S.I. 
USER SPECIFIED CHANNEL LINING BACK-UP COMPUTATIONS 
********************************************************************~******** 

PROJECT NAME: Rocky 
COMPUTED BY: CAB 
FROM STATION/REACH: 
DRAINAGE AREA: 

Flats OLF 

D-D' 

PROJECT NO. : With 
DATE: 4/12/2005 
TO STATION/REACH: 
DESIGN FREQUENCY: 

i 
I 
I 

Buttress 1 

100 yr 

***************************************************************************** 
INPUT PARAMETERS 

***************************************************************************** 

Channel Discharge 
Peak Flow Period 
Channel Slope 

'1annel Bottom Width 
.ft Side Slope 

Right Side Slope 

480.0 cfs (13.58 m .... 3/s) 
5 hours 
0. 027 ft/ft (0. 027 m/m) 
104.0 ft (31.70 m) 
3:1 
24:1 

Channel Lining : Unreinforced Vegetation" Mix 75-95% 
Permi. Shear (Tp) :5.73 psf (274. 4 Pa) 

Phase = 1 
Class = B Vegetation 
Soil Sandy Loam 
Allowable Soil Shear(Ta) :0.035 psf (1.67580000713468· Pa) 

***************************************************************************** 
CALCULATIONS 

***************************************************************************** 

Initial Depth Estimate= 0.16 * (480.0 /(0.027 .... 0.5)) .... 0.375 = 3.19 ft (.97 m) 
Final Channel Depth (after 10 iterations) = 1.21 ft (0.37 m) 
Flow Area= (104.0 * 1.2)+(0.5 *1.21 .... 2 * (3.0+24.0)) = 145.1 sq.ft {13.5 m .... 2) 
Wet Per. =104.0 +(1.2*(((3.0A2)+1) ..... 5 +(·(24.0A2)+1)A.5)) 136.8 ft (41.7 m) 
Hydraulic Radius = (145.1 I 136.8) 1.1 ft (0.3 m) 
Channel Velocity =(1.486/0.077)*(1.1 .... 0.667)*(0.027A.5) = 3.3 fps (1.0 m/s) 

Channel Effective Manning's Roughness 
Calculated Shear (Td) = 62.4 * 1.21 * 0.027 
Safety Factor= (TpiTd) = (5.73 12.03) 

= 0.077 
2.03 psf (97.3 Pa) 
2.82 

·efective Stress on Soil (Te)=2.0*(1-0.75)*(0.0156I0.077)A2 =D.02 psf (1.0 Pa) 
.:1 f e t y Factor = ( TaITe ) = ( 0 . 0 4 I 0 . 0 21 ) = 1. 6 7 

" 
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APPENDIXG 

LANDFILL ENGINEERING- FINAL DESIGN 
GEOTECHNICAL DATA 

AND 
BOREHOLE AND TEST PIT LOGS 

' I 
' I 
' I 



EARTH@T • C H 

A 'hp:D lN'Tf'Rti/AnoNAt LTO. ~ 

5575 DTC Parkway, Suite 200 

Englewood, Colorado 80111 

Project: RFETS - Original Landfill Accelerated Action 

Subject: Landfill Engineering - Geotechnical Data 

Project No. 57378.6020 

LIST OF ATTACHMENTS 

Attachment 1 
Attachment 2 
Attachment 3 

Centennial Quarry Pit Fines 
Centennial Rocky Flats Alluvium 
Test Pit and Borehole Logs 

NOTES 

Sheet Gi 

Date: 5/10/05 

Centennial Quarry Pit Fine geotechnical samples were taken from a stockpile located at the Centennial Quarry. 
The stockpile has since been used for construction of the Present Landfill cover and is no longer available. 
Therefore, a map indicating the sample locations is irrelevant and not included. Centennial Rocky Flats Alluvium 
samples were taken as part of the quality control program for construction of the Present Landfill cover. Samples 
were taken as the soil was brought to the site so the sample locations are irrelevant and also not included. As part 
of the Original Landfill cover construction, potential borrow area will be characterized and geotechnical data will 
be submitted with maps identifying sampling locations. 

Sampling methods for Centennial Quarry geotechnical data include: 

• ASTM D 422 - Standard Test Method for Particle Size Analysis of Soils 

• ASTM D 4318- Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils 
(Atterberg Limits) 

• ASTM D 698 - Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard 
Effort (Standard Proctor) 

• ASTM D 4767 - Standard Test Method for Consolidated Undrained Triaxial Compression Test for 
Cohesive Soils (with pore pressure measurements) 

• ASTM D 2435 - Standard Test Method for One-Dimensional Consolidation Properties of Soils 



\ 

APPENDIXG 

ATTACHMENT 1 
CENTENNIAL QUARRY PIT FINES 



Sample 
Type 

Bulk 
Bulk 
,Bulk 
Bulk 
Bulk 
Bulk 
Bulk 
Bulk 
Bulk 
Bulk 
Bulk 

Spec 
Spec 

NOTES: 

Sample Sample U.S.C.S. Soil 
Number Depth Classi-

(ft) fication 
PF-1 1-2 sc 
PF-2 1-2 sc 
PF-3 1-2 sc 
PF-4 1-2 sc 
PF-5 1-2 sc 

PF5-Dul!_ 1-2 sc 
PF-6 1-2 sc 
PF-7 1-2 sc 
PF-8 1-2 sc 
PF-9 1-2 sc 

PF-10 1-2 sc 

Foundation NA NA 
Cushion NA NA 

LL = LIQUID LIMIT 
PL = PLASTIC LIMIT 
PI = PLASTIC INDEX 
SL = SHRINKAGE LIMIT 

* ASTM 04718 

!t. JULY,2004 
Soil Suinmary 2004aUMalmod.Jils\Table I 

TABLE 1 
ROCKY FLATS/FIELD and LAB TESTING/CO 

SUMMARY OF SOIL DATA 

Delivered 
Moisture 

J%1 
16.1 
10.3 
18.1 
17.4 
12.8 
11.4 
11.5 
13.5 
14.9 
13.8 
14.8 

NA 
NA 

Atterberg Grain Size Distribution 
Limits %Finer %Finer %Finer 

LL PL PI 3/4" #4 #200 
39 19 20 100 84 30 
43 19 24 100 85 29 
43 18 25 1QO 81 30 
35 16 19 100 89 30 
37 19 18 100 86 29 
40 19 21 100 87 28 
45 20 25 100 82 30 
35 18 17 100 87 24 
41 19 22 100 82 28 
38 18 20 100 87 25 
43 18 25 100 83 28 

NA NA NA 100 81.3 20.5 
NA NA NA 100 81.3 20.5 

T = TRIAXIAL TEST 
U = UNCONFINED COMPRESSION TEST 
C = CONSOLIDATION TEST 

DS = DIRECT SHEAR TEST 
· PERM= PERMEABILITY 

Golder Associates 

Specific 
Gravity 

--
-
--
--
--
-
--
--
--
--
--

Moist/Den Relationship Additional Tests 
Standard Proctor Comments 

PCF(D!Y) Moist(%} (See Notes) 
120.6* 10.7* 
119.9* 11.7* 
121.0* 10.9* 
122.9* 10.6* 
121.9* 10.8* 
122.3* ll.l* 
120.3* 12.5* 
125.1* 10.3* 
117.9* 11.9* 
125.1* 10.4* 
122.1* 11.0* 

NA NA 
NA NA 

----

043-2246.0001 
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ATI'ERBERG LIMITS 

AS RECEIVED WATER COI"'TENT 

TIIONo. 

Wt WdSoiJA·TOJ1I(sn>) 

Wc.DrySoiJAT11111(SR') 

WtofT-(pD) 

WtofW-(Sm) 

w.;p of Dry SoH (Sm) 

Moislwo Ccntml (%) 

774.19 
680.87 
102.91 
93.32 

577.96 
16.15 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEJD: 

TYPE 

RockY Flats/Field & Lab TestingfCO 
043-2246.0001 
PF-1 
BULK 

40R 3 POINT A TTERBERG 

PLASTIC UMIT DETERMINATION 

!Number of Blows 
Weight of Wet Soil &.1 2';27:78Y /!::25:86~~: 
Weight of Dry Soil&. T f:2S:85:} ;)'24i25:{:' 
Weight ofTare (gm) :(}5:5!i•i.:: :)/1S;60;P 
Weight of Water (gm) 1.93 1.61 
Weight of Dry Soil (gm 10.26 8.65 
Water Content% 18.81 18.61 

BLOWS MC 
29 38.00 
20 41.39 
15 45.27 
0 0.00 

umber of Blows 

PLASTIC LIMIT (PL) 

I 19 t 
PLASTICITY INDEX (PI) 

3.37 
3.00 
2.71 

#NUM! 

1. 20 I 

25 
0.00 

-2 

PLASTIC LIMITS 

0.00 0.00 
0.00 0.00 

#DIV/0! #DIV/0! 

PLASTIC LIMIT (PL) 

I I 
PLASTICITY INDEX (PI) 

I I 

PLASTIC LIMITS 

cipt o(Wa Soil a Tere (Jm) [:;::·;'}(..k\;E:~ SJY~.fti·{:~\;::·~:: 

- orllly Soil AT .. ~ l:iin;!•il{;~y:\ ki+'\!Ci.'.i 
Weight ofT are (gm) ;:;:':j):0-~o1>~ §{;:;:::;";';;§~~;: 

WeightofWater(gm) 0.00 0.00 
Weight of Dry Soil (gm 0.00 0.00 
Water Content% #DIV/0! #DJV/0! 

PLASTIC LIMIT (PL) 

I NP I 
PLASTICITY INDEX (PI) 

I NP I 

38.00 41 39 45. 

LIQUID LIMIT (LL) 

I 39 I 

)3 POINTS) 

25.00 25.00 . 10.00 3-POINTS 

38.00 45.27 39.42 39.42 ;::;39,::·/J 

LIQUID LIMITS 

#DIV/0! #DIV/0! 
LIQUID LIMIT (LL) 

I I . 

NON-PLASTIC 

-2L-..;:.4;:;:;6·;:;:;00::_...:3::.::9;:.::.4~2 __ ...... 4''i':.:.::,31~9:;;;;:.·4J 
.:.•:::.:;.·20'•·:.'1 

TRIAL I TRIAL2 

: 0 0 

: #N/A #N/A 

LIQUID LIMIT (LL) 

I NP I 

Golder Associates Inc. 



AS RECEIVED WATER CONTENI' 

Tare No. 

Wt. W« Soil & Tare (gm) 

Wt. DtySoil & Tare(Bm) 

WLofTare(gm) 

Wt. of Water (Bm) 

Wr:igbt ofl>ty Soil (gm) 

Moisnue c-mt (%) 

':'774:19.\ 
'680:87/ 
';n02;9l:'; 

93.32 
577.96 

16.1 

IHlfDA:OS4:0P'IC MOISTURE FOR SIEVE SAMPLE 

i;';suz;.s9:;.:) 
t~~"l7Q:l3;F 
;~%;28:9l::·:o 

5.5 

tT ... .,., .. ,,., of Sample Used For Sine Aaalysb: Col"''ftlecl for HJdrostOplc Molstaft 

#4 MATERIAL SIEVE 

Tare Weigh1 

r2l(i9,0AO.:• (bc:foruepamina 011 1be 114 siovel 

[:i\':::;·•c,:':c::;·;,:• 
20560.60 

% % 

(Wt.+Tare) RETAINED PASSING 
12.0" . 0.00< 0.0 100.0 
6.0" ; ·0.00·· 0.0 100.0 

0.00 I 3.0" .• .. 0.()() .• ; 0.0 100.0 

BACK SIEVE 

Tare Weigh! 

o.oo I 

2.5" .. O,OI.t. 
2.0" 1:. 0.00· 
1.5" ·: .... 0.00 .. > 

1.0" O;OO ·· 
0.75" 0.00. 

0.375" . 477.10 
#4 3383.60 

0 . 3.14 
0 9.65 
0 17.11 . 

#I 

#2 

#4 

#6 

#100 

0. :22.46: 
:,··26.80·: 

#200 31.06 

0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
2.3 97.7 
16.5 83.5 

3.1 6.43 
9.7 19.75 
17.1 35.01 
22.5 45.96 
26.8 54.85 
31.1 63.56 

%PASSING 

78.2 
67.0 
54.3 
45.1 
37.7 
30.4 

MONTH AND YEAR 

PROJECT NAME 
PROJECT NUMBER: 

SAMPLEID: 

TYPE 

Speciftt: G111vily (oss"d) 

Speciftt: G111vily (tested) 

uses 

LL :;{S:?1'3S(i\•{ 
PL ;?),~:}19:i.N: 

PI i'i?i:''20:'.,'{::~ 

Amountl);speniosAsen•lmll 12s.oo 

Lengtb of Dispcnion Period I Minute 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

Wt.ofSampleWurl>ty(Bm) r.;SL55::;jJ 

DATE 

7n6t2004': 
711612004 

711612004 

711612004 

711612004 

711612004 

711612004 

7/1712004 

TIME READING TEMP mro. COR. 

')oji(; R T Cc 

Golder Associates Inc. 

TEST BY 

DATE SETUP 

REVIEW BY 

cobbles 

comepavd 

fmepavd 

coaneoand 

mediumoand 

fmeoand 

r .... 

0.00 
0.00 
16.46 16.46 
5.37 

23.88 
23.85 53.10 
30.44 



,. July-t4 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & AITERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: Rocky Flats/Field & Lab Testiog/CO 
SAMPLEID: PF-1 Depth (ft): -
TYPE: BULK 

12" 3" 2" I" 3/4" 3/8' 114 ~10 ~20 1140 1160 ~100 #200 
100 ~ 

90 

"~a- ..... 
. 80 

o/o 70 "" p 60 
a 

i\1\. s so 

!\ " 40 

' g 
30 

'r-. I'-. 
20 -
10 

0 

1000 100 10 ~--·'· I 0.1 0.01 0.001 

Particle size io millimeters 

COBBLES., I I Coarse I I I Coarse Fino Mecfium rme I SihorOal I GRAVEL SAND FINES 

Particle Size Particle Size 

(mm) %Passing Classification Percentage 
,---

12.0" 304.8 100.0 
PLASTICITY CHART 

6.0" 154.2 100.0 Cobbles 0.00 60 

V"'~-' 3.0" 75.0 100.0 v .._ 
r! / .. 

.&> 2.5" 63.5 100.0 E '0 
" 2.0" 50.0 100.0 / v ;z 

/ .., 
1.5" 37.5 100.0 C' CHu p../ a !: 

-~ t'l 40 
1.0" 25.0 100.0 CoaneOnvel 0.00 r Q / / Ul 0.75" 19.0 100.0 i5 

~ 0.375" 9.5 97.7 > 30 
;;; t: 

l! / 114 4.8 83.5 FineOnvel 16.46 !::! 
] ... MHo OH .., #10 2.00 78.2 Coarse Sand 5.37 ~ 
B .J 20 

#20 0.85 67.0 .... v CLu / Ul 

eli 1140 0.43 54.3 Medium Sand 23.88 / ::i 10 #60 0.25 45.1 / 
0.15 37.7 

./ CLoM / 
MLu L 

#100 . 
- #200 0.075 30.4 Fine Sand 23.85 0 . 

(nm) %Finer 0 10 20 30 40 '0 60 70 80 90 100 110 
,.-- LIQUID LIMIT (LL) 0.034 25.4 

·= 0.022 22.8 ~ c 0.013 22.0 Fines ATTERBERG LIMITS < 
£ 0.0091 21.6 Sill or Clay 30.44 M. LL PL PI 5pC .. I I I I I I E 0.0064 20.3 16.1 39 19 20 e 
~ 0.0032 19.0 
:c 

0.0013 17.8 -
DESCRIPTION: Yellowish brown (I 0 YR 5/8) clayey sand with TECH JR 

gravel DATE 7/1512004 

uses: sc REVIEW NG 

Golder Associates Inc .. 



I . 
MOISTURE DENSITY CURVES 

ASTM D 698 & 1557 

• 
PROJECT TITLE Rocky Flats/Field & Lab Testing/CO TEST TYPE I D 698 D4718 I 
PROJECT NUMBER 043-%246.0001 PROCEDURE METHOD A I 
SAMPLE IDENTITY PF-1 I - -
SAMPLE TYPE BULK I 

TYPE COMPACTOR PREPARATION METHOD A: :ZO'Yo OR LESS RETAINED ON #4 

MOLD NUMBER 217 I Mechanical I I Wet Method I 
MOLD WEIGHT (gm) 2271.5 METHODB: > 20'Yo RETAINED ON #4 AND 

MOLD DIAMETER (in) 4.000 TYPE PROCTOR 20'Yo OR LESS RETAINED ON 3/8" 

MOLD HEIGHT (in) 4.575 I Slaodonl I 
MOLD VOLUME (cu.ft) 0.0333 METHODC: > 20% RETAINED ON 3/8" AND 

5.5 -lbf. RAMMER WITH 12 INCH DROP < 30% RETAINED ON 3/4" 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT,RETAINED 
FRACTION SAMPLE ' I 

Wet Wt Tare & Soil (WI) 504.07 177.89 TOTAL WEIGHT, WET (COARSE & FINE) 21690.401 

Dry Wt Tare & Soil (W2) 492.88 170.13 TOTAL WEIGHT, DRY (COARSE & FINE) 20560.6Q 

WtTare (W3) 0.00 28.91 WEIGHT RETAINED ON 114 SIEVE (WET) 3383.60 

WtMoisture (W4=WJ-W2) 11.19 7.76 WEIGHT RETAINED ON 3/8" SIEVE (WET) 

Wt Dry Soil. (WS=W2-W3) 492.88 141.22 WEIGHT RETAINED ON 3/4" SIEVE (WET) 

Water Content (dec) (wc=W4/WS) 0.0227 0.0549 PERCENT RETAINED ON II 4 SIEVE (DRY) 16.09% 

Water Content(%) (W4/WS)*JOO 2.3% 5.5% PERCENT RETAINED ON 3/8" SIEVE (DRY) O.OOo/o 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 0.00% 

POINT RESULTS (FINE) I 1 I 2 I 3 I 4 I s I 6 I 7 I 
Wt. Soil & Mold (WI) 4010.3 4194.0 4233.1 4231.4 4189.6 

Weigbt of Mold (W2) 2271.50 2271.50 2271.50 2271.50 2271.50 

Wt. Of Wet Soil (W3=WJ-W2) 1738.80 1922.50 1961.60 1959.90 1918.10 

Wet Density, wd (pet) (W3/4S3.6*Vm) 115.22 127.39 129.98 129.87 127.10 

WATER CONTENTS • WtTare& Soil (W4) 680.59 613.87 697.53 623.27 604.74 

WtTare&Soil (WS) 628.53 561.24 626.08 555.47 533.03 

WtTare (W6) 104.24 101.34 100.46 103.18 100.83 

WtMoisture (W7=W4-WS) 52.06 52.63 71.45 67.80 71.71 

WtDry Soil (W8=W5-W6) 524.29 459.90 525.62 452.29 432.20 

Water Content(%) (W7/W8)*100 9.9"/o I 11.4% 13.6% I I 5.0o/o I 16.6% T l 
Dry Density (pet) (wd/(l+wc)) 104.8 I 114.3 114.4 I 112.9 I 109.0 I l 

MAXIMUM DRY DENSITY (pd) JJS.8 DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand with 
OPTIMUM MOISTURE CONTENT(%) 12.7 gravel 

Corrected Maximum Dry Density (pet) 120.6 

Corrected Optimum Moisture(%) 10.7 uses sc 

Specific Gravity And Absorption of Coarse Aggregate- ASTM C 127-88 

Weigbt of Oven Dry Sample (gm) A 504.07 LL 39 

Weigbt of Saturated-Surface-Dry (gm) B 506.40 PL 19 

Weigbt of Saturated Sample in Water (gm) c 301.90 PI 20 

Absorption of Oversize Particles(%) ((8-A)/A)*JOO 0.46 MC 16.1 'Yo 

Bulk Specific Gravity A/(8-C) I 2.465 . I I I 
TECH DT 

AVERAGE ABSORPTION (assumed) I 0.5 I DATE 7116/04 

AVERAGE BULK SPECIFIC GRAVITY (assumed) 2.46 REVIEW NG 

Golder Associates 
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MOISTURE I DRY DENSITY CURVE 
D 698 METHOD A 

~~~ 
ZERO AIR VOIDSCURVJ s 

""'~ '\ / ljS-2.80 
Gs=2.70 

~ ~""-// Gs=2.60 

"'"'<>< 
~"" " -" ~"" £ ~ ~~~ ......... 

If ~ 

""' ~ ~ 
......... 

L'--... 
~ 
~ ~ 
~ 

90 

85 

80 

75 

0% 5% 10% 15% 20% 25% 

MOISTURE CONTENT% 

MAXIMUM DRY DENSITY f) 115.8 Corrected Maximum Dry Density (pel) 

OPTIMUM MOISTURE(%) 12.7 Corrected Optimwn Moisture (%) 

SAMPLE IDI PF-1 
SAMPLE TYPE. BULK 

SAMPLE DEPTH::::::::~~~=~:::::::~ 

DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand with gravel 

uses sc 1 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

30% 

120.6 
10.7 

LLI--....;3~9-~ 
PL 19 
Plt---2~0~~ 

MC 16.1% 

35% 



A TTERBERG LIMITS 

AS RECEIVED WATER CONTENT 

T""'No. 

WI. Wet Soil& Tare(gm) 

WL Dry Soil 8t Tare (gm) 

Wt.ofTore(gm) 

WL ofWIIc:r(gm) 

Weigbl of Dry Soil (gm) 

Moisrun: Cont.,.('~) 

544.40 
503.10 
103.50 
41.30 
399.60 
10.3~ 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

Roeky Flats/Field & Lab TestingfCO 
043-2246.0001 
PF-2 
BULK 

4 OR 3 POINT A TTERBERG 

PLASTIC LIMIT DETERMINATION 

!Number of Blows 

Weight of Wet Soil & 1 /F2~t76',\ (;':;·zt69:.:: 
Weight ofDry Soil & T ;,;;{:2t66> ~:)20;7S :( 
Weight ofTare (gm) '{n:s:96'e':' :/::.15~88;./ 
Weight ofWater(gm) 1.10 0.94 

Weight of Dry Soil (gm 5.70 4.87 

WaterContento/o 19.30 19.30 

BLOWS MC 
32 41.42 
25 42.84 
17 46.08 
0 0.00 

PLASTIC LIMIT (PL) 

I 19 I 
PLASTICJTY INDEX (PI) 

I 24 I 

3.47 
3.22 
2.83 

#NUM! 

25 
0.00 

-2 

PLASTIC LIMITS 
... 

. ,. ~'··~~··- ~ .·:. ·:.:.· '"' . 

0.00 0.00 
0.00 0.00 

#DIV/0! #DIV/0! 

PLASTIC LIMIT (PL) 

I I 
PLASTICITY INDEX (PI) 

I I 

PLASTIC LIMIT (PL) 

I NP I 
PLASTICITY INDEX (PI) 

I NP I 

LIQUID LIMIT DETERMINATIOJ'\ 
;;::~!'?~2V,1;;:;' y};{2$;;:{i: i~;');ctk~:y 

}''"23';7t:'f:~; r\24~llti: !f:;l~;ls'-? 
~~;2Q;s7J@ i'-J2t:Oifi :0!'20";21':-6. 
.;GJ~~,f~ '?14~1~!f.':' :TB:83"i: 

2.85 2.99 2.94 
6.88 6.98 6.38 

41.42 42.84 46.08 

LIQUID LIMIT (LL) 

I 43 ·1 

r3 POINTS) 

i 
I 

I 
I 

25.00 25.00 10.00 3-POINTS 

41.42 46.08 43.10 43.10 ::;;,:;~3/'cci 

-2L..-....:;48:.:..00=-_4:.;:3.:.:..1.::.0 __ -+';;o;;:i,:.;:".:l:;9:;.;·•.'""1': 
/}::·lit'<:': 

LIQUID LIMITS 

1-..::0.:::.00:_.+-0:;.:·:;.:00~ K VALUE 
0.00 0.00 

#DIV/0! #DIV/0! 
LIQUID LIMIT (Ll) 

NON-PLASTIC 

I I 

LIQUID LIMITS 
:t,o;:t\~~~~)1:·~. h)ji~ 

: 

: 

:·:·./~J¥·~~t:~:::~~;~ ;:?;::·):~~;~,~::~~tl 
::::~:A·/:~~~;~~.~:~::~ \~r::~:;~;~~1}~ 

0.00 0.00 
0.00 0.00 

#DIV/0! #DIV/0! 

TRIAL I 

0 

#N/A 

LIQUID LIMIT (LL) 

I NP I 

Golder Associates Inc. 

TRIAL2 

0 

#N/A 



ASRECEIVEDWATERCONTENT 

T""'No. 
Wt. w., Soil& T.,.(gm) 

Wt. DrySo84 T.,.(gm) 

Wt. ofT""' (gm) 

Wt. of Worer (Jm) 

Weip ofDiy Soil (gm) 

MoisNn: Caltatt (%) 

>SMAO~ 
{503:1()!; 
(:J03,-sO} 

41.30 
399.60 

10.3 

FOR SIEVE SAMPLE 

~@'6Sf•3IM~/ 
i.\'}f@;3$~i}f 
!;~}~'13i82:'i:c;;: 

1.9 

Weicht of Sompk UHd For Sino Aoalyllb Corro<tod for llyd.._..,t< Molshln 

1'14 MATERIAL SIEVE 

TaroWeigbt 

o.oo 1 

BACK SIEVE 

T.,.Weigln 

o.oo I 

~420693~'4()}~ (bel.,. sepanting on tho 1'14 sieve) 

20307.58 

(Wt.+T.,.) 

12.o· :•;:: o.oo:;.;. 
6.0" .\/0;00::/: 
3.0" :; IHlOi) 
2.s" i/'.O;QQ\f 
2-o· XiO.OO}•: 
I.S" :•.\:.0.00 .. : 
r.o· -:;:::0.()0,,: 

0.75" '::/0.00:"} 
0.375" : :.421 :30:: 

,.. 3000;90' 

#10 .;::·6~68·:: 

#20 ::.13:9)::' 
1'140 ::·20.60"' 
#60 •.'::253 1::":•.'. 

#100 :' 29:07;~ ; 
#200 '5:32:87.'.' 

% % 

RETAINED PASSING 
0.0 100.0 
0.0 100.0 
0.0 I 00.0 
0.0 I 00.0 

0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
2.1 97.9 

"14.8 85.2 

6.7 13.44 
13.9 27.98 
20.6 41.44 
25.3 50.91 
29.1 58.47 
32.9 66.12 

MONTH AND YEAR 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

lYPE 

uses 

"""""'' Dilpasins Asoo• (ml) 12s.oo 

Type: Dispersion Device Moebanical 

Lengtb ofDispoBion Period I Mint .. 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

Wt. ofS&nq>leWOIOr Dry(gra) J:i 50~66•::1 

DATE TIME READING TEMP HYD.COR. 

: .112212004: 1.· ·:1o:i1' R T Cc 

•,HASSING 

73.8 
712212004 10:13 20:3·; ':22.70'' ''':6;sq:··· 
712212004 10:16 20.(f· 22.70 6.50 

61.4 712212004 10:26 . l!fo:' 22.60 6.50 
49.9 712212004 10:41 .18.s': 22.50 6.50 
41.8 712212004 11:11 18.3' 22.00 6.50 
35.4 712212004 14:21 }fJ, 20.80 6.50 
28.9 712312004 10:11 ,16:5> 20.10 6.50 

Golder Associates Inc:. 

cobbles 

coarse grave 

fmogravcl 

I 

-modiumllllld 

flllOsaad 

r .... 

0.00 
0.00 
14.78 14.78 
11.45 
23.86 
21.03 56.35 
28.88 



July-~ 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: Rocky Flats/Field & Lab TestiogiCO 

SAMPLEID: PF-2 Depth (ft): -
TYPE: BULK 

12" 3" 2" I" 3/4' 318" 1114 810 #20 11140 1160 #100 #200 

100 -...... 

90 

80 ~" 
I'\ 

1\. 
% 70 

"' p 60 
a 1\ 
s so 
5 1\ 
i "' I 
D 40 

"" g 
30 

r-." !'.. --20 1-e -
10 

0 
' 

1000 100 10 / ) \·-\., 0.1 0.01 0.001 
'\ 0 '1 

Particle size io millimeten 

I COBBLES I c..... I FiDe lc;..,.. I Mcdhm I FiDe I Sih orO.l I GRAVEL SAND FINES 

Particle Size · Par1icle Size 

(mm) %Passing Oassification Percentage 
r-

304.8 100.0 12.0" PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 7, ... _ 
3.0" 75.0 100.0 v ...... ~ / " .0 2.5" 63.5 100.0 E '0 17 / " 2.0" 50.0 100.0 ;z 

/ ., 
1.5" 37.5 100.0 g CH'" OH / c .. 

40 rl 1.0" 25.0 100.0 ComseGravel o.oo ~ v N 

I/ i:i.i 0.75" 19.0 100.0 
Q 

/ rl ~ 
i'; 0.375" 9.5 97.9 5 30 v i:i.i #4 4.8 85.2 f'meGravel 14.78 I/ ] 

73.8 $ • MH< OH ., #10 2.00 Coarse Sand 11.45 
.§ .J 20 

l7 t7 #20 0.85 61.4 .. CL'" 
Cll 

<ri #40 0.43 49.9 Medium Sand 23.86 / ;:i 10 #60 0.25 41.8 / 
1/ML .. pL 

#100 0.15 35.4 "/ CL•M / . 
.__ #200 0.075 28.9 Fine Saud 21.03 0 ' 

(am) ,..F.,., 0 10 20 30 40 '0 60 70 80 90 100 110 
..-- LIQUID LIMIT (LL) 

0.035 23.3 
.!!! 
~ 0.022 22.9 

01 
c 0.013 21.2 Fines ATTERBERG LIMITS < .. 0.0091 20.4 Silt or Clay 28.88 M. LL PL PI SpC B 
" I I I I I I E 0.0065 19.9 10.3 43 19 24 e ., 0.0033 18.2 >. :z: 0.0014 17.0 .__ 

DESCRIPTION: Y ellowisb brown (I 0 YR S/8) clayey saud TECH DT 
DATE 712112004 

uses: sc REVIEW MB 

. Golder Associates Inc. 
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MOISTURE I DRY DENSITY CURVE 
D 698 METHOD A 

I\."'" 
ZERO AIR' VOIDS CURVI s 

~ ""'" / ~s=2.80 

Gs=2.70 

~' '""'/ / ~s=2.60 

"'-.."0<. 

~"" "'-.. " ~"" / "'"~~ I'.. • . 
""' ~ ~ 

......... 

I 
I 

I 

! 

~ 

~ 
~ ~ 

95 

90 

85 

80 

75 

0% 5% 10% 15% 20% 25% 

MOISTURE CONTENT % 

MAXIMUM DRY DENSITY (pet) 114.9 Corrected Maximwn 0ty Density (pel) 

OPTIMUM MOISTURE (%) 13.9 Corrected Optimwn Moisture(%) 

SAMPLE IDI PF-2 
SAMPLETYPE~--------B~UL~K------~ 

SAMPLE DEPTH~------------------~ 

DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand 

uses sc 1 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

~ 

30% 35% 

119.9 
11.7 

LL 43 
PL 19 
PI 24 

MC 10.3 



\ 

A TIERBERG LIMITS 

AS RECEIVED WATER COI'ri'ENJ' 

T""'No. 

WL Wd Soil & Tate (JIIll) 

WI. Oly Soil .!t Tate (8111) 

WI. of Tare (JIIll) 

Wl.ofWaler(JIIll) 

Weigbl ofOiy Soil (8111) 

Moishm Ccnlenl ('A.) 

724.70 
629.18 
101.82 
95.52 
527.36 
HS.II 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

Roeky Flats/Field & Lab Testing/CO 
043-2246.0001 . 
PF-3 
BULK 

4 OR 3 POINT A TTERBERG 

PLASTIC LIMIT DETERMINATION 

Number of Blows 
Weight ofWet Soil & T ;;:; 26.00) i/'2~!f67>:: 
Weight of Dry Soil & T ::.'24.13.:~: :;::12.99.'/ 
Weight oflarc (gm) ·····13;98·''-: :: 13:76:.:; 
Weight of Water (gm) 1.87 1.68 
Weight ofDry Soil (gm 10.15 9.23 

Water Content % 18.42 18.20 

PLASTIC LIMIT (PL) 

I 18 I 
PLASTICITY INDEX (PI) 

I 25 I 

BLOWS MC 
30 41.35 3.40 25 
22 44.54 3.09 0.00 
IS 46.75 2.71 -2 
0 0.00 #NUM! 

LIQUID LIMIT DETERMINATIO~ 
:;::}.:3~;-.;;~;: t::tfi;22'ii;;J:i 1!E~Wt~~' 
!/28:o3?!: f;\:Z5l68l): !.~f;2sSsi\'' 
if23:9Q~:r ;;;?,22:09-;?t t/ihto':fi 

I4:22':c/ S/l<Uil?C <;ii'i!.h~2li"' 
4.04 3.59 3.45 
9.77 8.06 7.38 

41.35 44.54 46.75 

LIQUID LIMIT (LL) 

I 43 I 

[3 POINTSI 

25.00 25.00 10.00 3-POINTS 

41.35 46.75 43.04 43.04 :•:(43;:': 
-2.__....;.48.;;.;·..;;..oo;___4.;.:3;.;.;.04;....;.._ __ +:.:.;;;;:,:·;.,;.la;;''""';:;::,..'··: 

'''·':.:;25·':::''·· 

ONE POINT A TTERBERG 

Number of Blows PLASTIC LIMITS 

Weight of Water (gm) 0.00 0.00 

Weight of Dry Soil (gm.~~O'::.OO~+~O==.OO~~ 
Water Content 'Yo #DIV 10! #DIV 10! 

PLASTIC LIMIT (PL) 

I I 
PLASTICITY INDEX (PI) 

I I 

umber of Blows PLASTIC LIMITS 
ciJbl or Wet Soil a Tare (PD} .}!i~::?:t~({f-:~ l{f;~~~~~)l.S~~~f. 
ciJbl arDry Soil A r .. (Jm) ;:~~:Uii;~g~:g~f :;·f;:~;~~-~~"t:~~::1 

Weight oflarc (gm) );:;;2'(,;~!;;~~'· it\!!1;£:')\' 
Weight of Water (gm) 0.00 0.00 
Weight of Dry Soil (gm 0.00 0.00 
Water Content 'Yo IIDJV/0! IIDJV/0! 

PLASTIC LIMIT (PL) 

I NP I 
PLASTICITY INDEX (PI) 

I NP I 

LIQUID LIMITS 
TRIAL I TRIAL 2 

0 0 

1--:'0.;.;.00~+~0,;,;.00~-t K VALVE: 
0.00 0.00 

#N/A #N/A 

#DIV/0! #DIVIO! 
LIQUID LIMIT (LL) 

I I 

NON-PLASTIC 

LIQUID LIMIT (LL) 

I NP I 

Golder Associates Inc.. 

MX1£:i~~~1~i~·~; 
:10:~~~~~j~r~ 
~;~~t~¥:~~~ 
~~1~~:t1:t~~!·~ 



AS RECEIVED WATER CONTEI'IT 

Taro No. 

we. w .. Soa&Taro.(lm) 

WL Dry Soil & y.,. (Jill) 

we. orr ... (lmJ 

Wc.ofWat"(JIIl) 

Weiglll of Dry Soil (lm) 

Moistwo Ccmml ("4) 

.:•.724,70': 
/629.18: 
:101.82· 

95.52 
527.36 

18.1 

lmfDR:OS4:0f1C MOISTURE FOR SIEVE SAMPLE 

Soil & Taro (lm) ~?.;19.3\23!>, 
''JS186'~84;;;: 
;;;~!28J!4'.Y· 

4.0 

Wel1bt oiSample Used For Sine Aaalysia Corrm~ for HydroJC'opir Molstarr 

1)2209850 _:. (befoce 1epara1ing on I be #4 sieve) 

21243.15 
% % 

(Wt +Tare) RETAINED PASSING 

#4 MATERIAL SIEVE 

Tare Weight 

o.oo 1 

. 

. 12.0 

6.0 

3.0 

2.5 

2.0 

1.5 

1.0 

. 

. 

. 

. 

. 

. 

. 0.75 

0.375 

#4 

BACK SIEVE #I 0 

:- 0.00! 
:o.oo·· 

i: o,pq:: 
::0:00 
. 0.00 •. 

~· . 0:00 ' 
:·.-.o;OO .. :· 
'o.oo:. 
363.70 

3984.40. 

.. 3.68. 
Tan:Weiglll #2 0: 10.53 ·. 

o.oo I #4 0 

#60 

#100 

#200 

.. : 17.75 .,, 
•.23.01• 
'.27.28 .. 
:·J1.49.·.·.·.· 

0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
1.7 98.3 

18.8 81.2 

3.7 7.43 
10.5 21.25 
17.8 35.82 
23.0 46.43 
27.3 55.05 
31.5 63.55 

MOIITHANDYEAR 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

uses 

HYDROMETER ANALYSI.;:.s,.,.,....,..,...,..;., 

Spocifoc:Gravily(ass'd) i:}i:tCU 
Specific: Gravily (cesced) 2!:f\\:-',i\ : :: 
Amount Dispersing Agent (ml) 125.00 

Type Dispenion Device Mec:bani<al 

l.enilh ofDispenion Poriod I Minute 

WEICHT OF SAMPLE USED FOR .HYDROMETER TEST 

Wt. of Sample Wfl or Dry(lm) 1·,; 51.55 .J 

DATE TIME READING TEMP HYD.COR. 

1ti6h004 lofos ~, R T Cc 

111612004 10:10 

~~~r~ 
22,80.: 6;oo. 

7/1612004 10:13 22.90 6.00 
111612004 10:23 22.60 6.00 
111612004 10:38 22.50 6.00 
7/1612004 11:08 22.10 6.00 
7/1612004 14:18 20.80 6.00 
1111n004 10:08 21.50 6.00 

%PASSING 

75.2 
64.0 
52.1 
43.5 
36.5 
29.6 

Golder Associates hie. 

cobbles I 

I comesrave 
fmepvel/1 --. 
mediumlai>CI 

fme.....t 

fones 

0.00 
0.00 
18.76 18.76 
6.03 

23.07 
22.53 51.63 
29.62 



lVH usTUREDENSITY CURVES · 
ASTM D 698 & 1557 

PROJECT TJTI..E Rocky Flats/Field & Lab Testing/CO TEST TYPE I D 698 D4718 I 
PROJECT NUMBER 043-2246.0001 PROCEDURE METHOD A I 
SAMPLE IDENTITY PF-2 I . I . 
SAMPLE TYPE BULK I 

TYPE COMPACTOR PREPARATION METHOD A: 20% OR LESS RET AJNED ON 114 

MOLD NUMBER AH-1 I Mechanical I I Wet Method I 
MOLD WEIGHT (gm) 2265.0 ·METHODB: > 20% RETAINED ON 114 AND 

MOLD DIAMETER (in) 3.991 TYPE PROCTOR 20% OR LESS RETAINED ON 3/8" 

MOLD HEIGHT (in) 4.581 I Staodanl I 
MOLD VOLUME (cu.ft) 0.0332 METHODC: > 20~. RETAINED ON 3/8" AND 

5.5 -lbf. RAMMER WITH 12 INCH DROP < 30~. RETAINED ON 3/4" 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

Wet WiTare & Soil (WI) 504.07 65.31 TOTAL WEIGHT, WET (COARSE & FINE) 20693.40 

Dry W Tare & Soil (W2) 492.88 64.35 TOTAL WEIGHT, DRY (COARSE & FINE) 20307.58 

WtTar (W3) 0.00 13.82 WEIGHT RETAINED ON # 4 SIEVE (WET) 3440.90 
' Wt Moisture (W4=WI-W2) 11.19 0.96 WEIGHT RETAINED ON 3/8" SIEVE (WET) 

WtDrySoil (W5=W2-W3) 492.88 50.53 WEIGHT RETAINED ON 3/4" SIEVE (WET) 

Water Content (dec) (wc=W4/W5) 0.0227 0.0190 PERCENT RETAINED ON # 4 SIEVE (DRY) 16.57% 

Water Content (%) (W4/W5)*100 2.3% 1.9% PERCENT RETAINED ON 318" SIEVE (DRY) 0.00% 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 0.00% 

POINT RESULTS (FINE) I I I 2 I 3 I 4 I 5 I 6 I 7 I 
Wt. Soil & Mold (WI) 4084.9 4186.2 4229.3 4239.2 4186.3 

Weight of Mold (W2) 2265.00 2265.00 2265.00 2265.00 2265.00 

Wt. Of Wet Soil (W3=WI-W2) 1819.90 1921.20 1964.30 1974.20 1921.30 

Wet Density, wd (pd) (W3/453.6*Vm) 120.98 127.71 130.58 131.23 127.72 

WATER CONTENTS 
Wt Tare.& Soil (W4) 626.95 622.13 620.65 693.33 636.60 

Wt Tare & Soil (WS) 576.67 564.98 558.62 615.08 559.97 

WtTare (W6) 104.79 104.36 105.25 101.88 102.18 

Wt Moisture (W7=W4-W5) 50.28 57.15 62.03 78.25 76.63 

Wt Dry Soil (W8=WS.W6) 471.88 460.62 453.37 513.20 457.79 

Water Content(%) (W7/W8)*100 10.7% I 12.4% 13.7% 15.2% I 16.7% r· 
Dry Density (pd) (wd/(1 +we)) 109.3 I 113.6 I I 14.9 I 113.9 I 109.4 I I 

MAXIMUM DRY DENSITY {pd) JJ4.9 DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand 
OPTIMUM MOISTURE CONTENT(%) 13.9 

Corrected Maximum Dry Density (pel) JJ9.9 

Corrected Optimum Moisture(%) 11.7 uses sc 

Specific Gravity And Absorption of Coarse Aggregate- ASTM C 127-88 

Weight of Oven Dry Sample (gm) A 504.07 LL 43 

Weight of Saturated-Surface-Dry (gm) B 506.40 PL 19 

Weight of Saturated Sample in Water (gm) c 301.90 PI 24 

Absorption of Oversize Particles(%) 1(8-A)/A)*IOO 0.46 MC 10.3 

Bulk Specific Gravity A/(B-C) I 2.465 I I I 
TECH DT 

AVERAGE ABSORPTION (assumed) I 0.5 I DATE 7-22-04 

AVERAGE BULK SPECIFIC GRAVITY (assumed) 2.46 REVIEW MB 

Golder Associates 



MUlSTlJilli D~NSlTY ClJRV~S 
ASTM D 698 & 1557 

PROJECT TITLE Rocky Flats/Field & Lab Testiog/CO TEST TYPE I D 698 D4718 I 
PROJECT NUMBER 043-2246.0001 PROCEDURE METHOD A I 
SAMPLE IDENTITY PF-3 - -
SAMPLE TYPE BULK 

TYPE COMPACTOR PREPARATION METHOD A: 20"/o OR LESS RETAINED ON 114 

MOLD NUMBER 217 I Mechanical ·I I Wet Method I 
MOLD WEIGHT (gm) 2271.5 METHODB: > 20"/o RET A1NED ON 114 AND 
MOLD DIAMETER (in) . 4.000 TYPE PROCTOR 20"/o OR LESS RETAINED ON 318" 
MOLD HEIGHT (in) 4.575 I Staadard I 
MOLD VOLUME (cu.ft) 0.0333 METHODC: > 20% RETAINED ON 318" AND 

S.S -lbf. RAMMER WITH 12 INCH DROP < 30"/o RETAINED ON 3/4" 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE I 

I 
Wet Wt Tare & Soil (W1) 504.07 193.23 TOTAL WEIGHT, WET (COARSE & FINE) 22098.5~ 

Dry Wt Tare & Soil (W2) 492.88 186.84 TOTAL WEIGHT, DRY (COARSE & FINE) 21243.1~ 

WtTare (W3) 0.00 28.14 WEIGHT RETAINED ON # 4 SIEVE (WET) 3984.40 
WtMoisture (W4=W1-W2) 11.19 6.39 WEIGHT RETAINED ON 318" SIEVE (WET) 363.70 
WtDrySoil (WS=W2-W3) 492.88 158.70 WEIGHT RETAINED ON 3/4" SIEVE (WE:f) 

Water Content (dec) (wc=W4/WS) 0.0227 0.0403 PERCENT RET AI NED ON # 4 SIEVE (DRY) 18.34% 

Water Content(%) (W4/W5)*100 2.3% 4.0% PERCENT RETAINED ON 3/8" SIEVE (DRY) 1.67% 
PERCENT RETAINED ON 3/4" SIEVE (DRY) O.OOo/o 

POINT RESULTS (FINE) I I I 2 I 3 I 4 I 5 I 6 I I 7 I 
Wt. Soil & Mold (W1) 4207.5 3977.7 4068.4 4238.3 4257.2 4158.9 

Weight of Mold (W2) 2271.50 2271.50 2211.50 2271.50 2211.50 2271.50 

Wt. Of Wet Soil (W3=W1-W2) 1936.00 1706.20 1796.90 1966.80 1985.70 1887.40 

Wet Density, wd (pel) (W3/453.6*Vm) 128.28 113.06 119.07 130.33 131.58 125.06 

WATER CONTENTS 
Wt Tare & Soil (W4) 634.51 662.50 592.22 619.45 615.25 656.04 

Wt Tare & Soil (WS) 560.41 621.16 548.79 560.57 552.90 601.65 

WtTare (W6) 104.43 101.19 103.76 103.95 103.99 102.31 

WtMoisture (W7=W4-W5) 74.10 41.34 43.43 58.88 62.35 54.39 

WtDrySoU (W8=WS-W6) 455.98 519.97 445.03 456.62 448.91 499.34 

Water Content(%) (W7tw8)*100 1 16.3% I 8.0% I 9.8% I 12.9% I 13.9% I 10.9% I I 
Dry Density (pel) (wdl(l+wc)) I 110.4 104.7 108.5 I I I 5.4 115.5 I 112.8 I I 

MAXIMUM DRY DENSITY (pd) 115.5 DESCRIPTION Yellowish brown (I 0 YR 5/8) clayey sand with 
OPTIMUM MOISTURE CONTENT(%) 13.2 gravel 
Corrected Maximum Dry Density (pel) 121.0 

Corrected Optimum Moisture(%) 10.9 uses sc 

Specific Gravity And Absorption of Coane Aggregate- ASTM C 127-88 

Weight of Oven Dry Sample (gm) A 504.02 LL 43 

Weight of Saturated-Surface-Dry (gm) B 506.40 PL 18 

Weight of Saturated Sample in Water (gm) c 301.90 PI 25 

Absorption of Ovenlze Particles (%) I(B-A)/A)*100 0.47 MC 18.10% 

Bulk Specific Gravity A/(B-q I 2.465 I I I 
TECH DT 

AVERAGE ABSORPTION (assumed) I 0.5 I DATE 7/16/04 

AVERAGE BULK SPECIFIC GRAVITY (assumed) 2.46 REVIEW N(J 

Golder Associates 
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MOISTURE I DRY DENSITY CURVE 
D 698 METHOD A 

"'"'"' 
ZEROAJR VOIDS CURVES 

"'"' "~ / ~s=2.80 

Gs=2.70 

~ ~~ Gs-2.60 

"'"« 
~"" "' I 

-""' ~~ / """" "'-~~~' 
/ ""' ~ ~ ~ 

"':~ 
~ ~ 

I ~ 
90 

85 
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75 

0% 5% 10% 15% 20% 25% 

MOISTURE CONTENT % 

MAXIMUM DRY DENSITY (pd) 1 1 5.5 Corrected Maximum Dry Density (pet) 

OPTIMUM MOISTURE (%) 13.2 Corrected Optimwn Moisture(%) 

SAMPLE IDI PF-3 
SAMPLE TYPEI-___ _.;;;.B..;;.ULK=------t 

SAMPLE DEPTH~---------~ 

DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand with gravel 

uses sc I 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

30% 

121.0 
10.9 

LLI---4:=-:3~-1 
PL 1--......;.;18;.._-1 
PI 1--....;2;;.;;5_-1 

MC 18.1% 

35% 



A TIERBERG LIMITS 

AS RECEIVED WATER CONTENT 

TuoNo. 

WL w .. Soil A Tare (Sin) 

WL Dry Soil AT""' (flll'l) 

Wt.oi"T.,.(flll'l) 

WLoi"WIIer(flll'l) 

Weigbl of Dry Soil (Sin) 

Moistun: Conlall (%) 

827.30 
720.01 
103.55 
10729 
616.46 
17.40 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYI'E 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 
PF-4 
BULK 

4 OR 3 POINT A ITERBERG 

PLASTIC LIMIT DETERMINATION 

~umber of Blows 
Weight ofWet Soil & l \ofHt8tfi;~ ;\22B(ft{, 
Weight ofDry Soil & T ~!fl!i;9Jf?, ~V2I.39~}· 
Weight ofT arc (gm) '+132~~{" ~\''c}Si63).\ 
Weight of Water (gm) 0.87 0.91 

Weight of Dry Soil (gm 5.41 5.76 

WaterContcnt% 16.08 15.80 

BLOWS MC 

PLASTIC LIMIT (PL) 

I 16 I 
PLASTIOTY INDEX (PI) 

1. 19 I 

30 33.73 3.40 25 
0.00 

-2 
24 35.78 3.18 
15 39.76 2.71 
0 0.00 #NUM! 

PLASTIC LIMITS 

SoiiAT.,.(In:l) 

0.00 0.00 
0.00 0.00 

#DIV/0! #DIV/0! 

PLASTIC LIMIT (PL) 

I I 
PLASTIOTY INDEX (PI) 

I I 

PLASTIC LIMIT (PL) 

I NP I 
PLASTICITY INDEX (PI) 

I NP I 

LIQUID LIMIT DETERMINATJO~ 
i1Wi'3lJ';~~t ;?r24Y:X'' ;;,·;;J5",;: 
t~::33:o·im: .-, 3oAsc·;< ;;: 2Ko2;: 
:ff~'18ilttf ii'26;632;' ~;'24.00/. 
ii!J3i82Y:' '\'15~87:;~: (iJ3:89), 

4.84 3.85 4.02 
14.35 10.76 10.11 
33.73 35.78 39.76 

LIQUID LIMIT (LL) 

I 35 I 

33.73 
-2 

LIQUID LIMITS 

: 

1-,:::0.~00::_.._...::0:.;:.00:::,_-1 K VALUE 
0.00 0.00 

: 

#DIV/0! #DIV/0! 
LIQUID LIMIT (LL) 

I I 

LIQUID LIMITS 

0.00 0.00 
0.00 0.00 

#DIV/0! #DIV/0! 

. 13 POINTSI 

25.00 25.00 10.00 3-POINTS 

39.76 35.36 . 35.36 '( :·'35:'/}i 
40.00 35.36 i}'J6(-;:;<• 

·:·,:::,J,9~':':: 

TRIAL I TRIAL2 

0 0 

#N/A #N/A 

LIQUID LIMIT (LL) 

I NP I 

Golder Associates Inc. 



.. July-M 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: Rocky Flats/Field & Lab Testing/CO 

SAMPLEID: PF-3 Depth (ft): -
TYPE: BULK 

12" 3" 2" I" 3/4" 318" #4 flO #20 #40 iH>O #100 #200 

100 

90 

.80 ....... !'-. 
~ 

'Yo 70 

" p 60 
a I 5 

50 "-

:\ "" 40 
D. 

' g 
30 

I ......... 
t-.. 

20 .... 
I 

10 

I I i 
0 

I I 

' 
1000 100 10 - .,__ I ,.·; 0.1 0.01 0.001 '"\ I ' (t / ~ 

Particle size in ~inimeters 

COBBLES I I I C~ru I I I Coaru Fine McdNm Fine I SihvrO•z I GRAVEL SAND FINES 

Panicle Size Particle Size 

(nun) %Passing Classification Percentage -
12.0" 304.8 100.0 PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 

/IJ.l-
3.0" 75.0 100.0 /1 

...... 
~ / " .D 2.5" 63.5 100.0 E so 
"' 2.0" 50.0 100.0 7 / z .... 

l.S" 37.5 100.0 5. / Olar 
""/ c: .. 

.~ 1.0" 25.0 100.0 Coarse Gravel 0.00 >< 40 v Ool 
Q / / Ill 0.75" 19.0 100.0 !: :J 

t 0.375" 9.5 98.3 > 30 ... 
in #4 4.8 81.2 FmeGravel 18.76 ~ v v ~ • MHo 011 .... 1110 2.00 75.2 Coarse Sand 6.03 j li 20 v y #20 0.85 64.0 ... CLar 
Ill 

vl #40 0.43 52.1 Medimn Sand 23.07 / ::i 
1160 0.25 43.5 10 

/ / 

11100 . 0.15 36.5 "/ / MLm L 
CLoM . 

'-- 11200 0.075 29.6 FmeSand 22.53 0 . 
(am) %1'"""' 0 10 20 30 40 so 60 70 80 90 100 110 - LIQUID LIMIT (LL) 

"' 
0.035 23.5 

·;;; 
0.022 21.5 

~ 
c: 0.013 20.7 Fmes ATTERBERG LIMITS < 
li 0.0091 19.9 Silt or Clay 29.62 M. LL PL PI SpC .. I I I I I I E. 0.0065 18.7 18.1 43 18 25 -e .... 0.0032 18.3 ,., 
:J: 

0.0013 17.0 
'---

DESCRIPTION: Yellowish brown (I 0 YR 518) clayey sand with TECH JR 
gravel DATE 7/1512004 

uses: sc REVIEW NG 

Golder Associates Inc. 



July..04 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: Roeky Flats/Field & Lab Testing/CO 
SAMPLEID: PF-4 Depth (ft): -
TYPE: BULK 

12" 3" 2" I" 3/4" 3/8" 114 ,10 ,20 1140 1160 ,100 ,200 
100 -.:..... 
90 ..... 

: 
~ 80 

' ~ e;o 70 
' 

p 60 
a : 

\ i 
s ' so 
s i 

" 
; 

i I 

' 
D 40 

' g 
30 

"r--. I 
! r---. I 20 
j -

10 I 
l I 

I I 
l 

I 0 
l ; 

1000 100 10 r~s, ~ .... I : 0.1 0.01 0.001 
·[1 

Particle size io millimeters 

I lc- I I I COBBLES I Coone Fine Medium Fine I Sill or 0•~· I GRAVEL SAND FINES 

Particle Size Particle Size 

(mm) %Passing Classification Pen:entage ,......-
12.0" 304.8 100.0 

PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 

/ l'L~ 3.0" 75.0 100.0 v ...... t! / " .D 2.5" 63.5 100.0 e so = 2.0" 50.0 100.0 / v :z: 

/ "" 1.5" 37.5 100.0 ~ CHar DH / a 
"' ~ 

40 

-~ 1.0" 25.0 99.9 Coarse Gnlvel 0.34 / 
<I) 0.75" 19.0 99.7 

Q / / "' !: 
~ 0.375" 9.5 96.2 5 30 .!! 

<I) •114 4.8 89.4 Fine Gnlvel 10.21 v y ] 
2.00 78.6 10.87 E MHo OH ' 

"" 1110 Coarse Sand j c 20 s 1120 0.85 66.6 ,.. v .... v <I) 

Cl5 #40 0.43 54.1 Medium Sand 24.43 / :i 10 1160 0.25 45.0 / 
11100 0.15 37.8 1 CL•M / NL• L . 

~ 11200 O.o75 30.3 Fine Sand 23.89 0 . 
( ... ) %Finer 0 10 20 30 40 50 60 70 80 90 100 110 

,......-
UQUID UMIT (LL) 

.!!! 
O.o35 24.6 

!:!. 
;;; 0.022 21.5 
c 0.013 20.7 fines ATTERBERG LIMITS < 
£ 0.0091 19.3 SiltorOay 30,25 M. LL PL PI SpG 

" I I I I I I e 0.0064 18.5 17.4 35 16 19 e 
"" 0.0032 18.0 >. ::c 

0.0014 16.3 
'--

DESCRIPTION: Yellowish brown (IOYR 5/8) clayey sand TECH JR 
DATE 711912004 

uses: sc REVIEW MB 

Golder Associates Inc. 



. . 

I 
MOISTURE DENSITY CURVES 

I ASTM D 698 & 1557 

PROJECT TITLE Rocky Flats/Field &: Lab Testing/CO TEST TYPE I D 698 D4718 I 
PROJECT NUMBER 043-2246.0001 PROCEDURE METHOD A I 
SAMPLE IDENTITY PF-4· I - I -
SAMPLE TYPE BULK I 

TYPE COMPACTOR PREPARATION METHOD A: 20*/o OR LESS RETAINED ON #4 

MOLD NUMBER AH-1 I Mechanical I I Wet Method I 
MOLD WEIGHT (gm) 2265.8 METHODB: > 20'1'o RETAINED ON #4 AND 

MOLD DIAMETER (In) 3.991 TYPE PROCTOR 20% OR LESS RETAINED ON 3/8" 

MOLD HEIGHT (In) 4.581 I Staadard I 
MOLD VOLUME (c:u.ft) 0.0332 METHODC: > 20% RETAINED ON 3/8" AND 

5.5 -lbf. RAMMER WITH 12 INCH DROP < 30'1'o RETAINED ON 3/4" 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

Wet Wt Tare & SoU (WI) 504.07 114.09 TOTAL WEIGHT, WET (COARSE&: FINE) 23483.70 

Dry j: Tare & SoU (W2) 492.88 113.02 TOTAL WEIGHT, DRY (COARSE & FINE) 23211.43 

WtT. e (W3) 0.00 21.80 WEIGHT RETAINED ON 114 SIEVE (WET) 4348.10 

Wt Moisture (W4=W1-W2) 11.19 1.07 WEIGHT RETAINED ON 318" SIEVE (WET) 

WtDrySoU (WS=W2-W3) 492.88 91.22 WEIGHT RETAINED ON 3/4" SIEVE (WET) 

Water Content (dec:) (wc=W4/WS) 0.0227 0.0117 PERCENT RETAINED ON II 4 SIEVE (DRY) 18.32% 

Water Content(%) (W4/WS)*IOO 2.3% 1.2% PERCENT RETAINED ON 318" SIEVE (DRY) 0.00% 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 0.00"/o 

POINT RESULTS (FINE) I I I 2 I 3 I 4 I 5 I 6 I 7 I 
Wt. SoU & Mold (WI) 4070.6 4226.9 4270.5 4242.8 4209.7 4166.9 

Weight of Mold (W2) 2265.80 2265.80 2265.80 2265.80 2265.80 2265.80 

Wt. Of Wet Soil (W3=WI-W2) 1804.80 1961.10 2004.70 1977.00 1943.90 1901.10 

Wet Density, wd (pd) (W3/453.6*Vm) 119.97 130.36 133.26 131.42 129.22 126.38 

WATER CONTENTS 
WtTare& SoU (W4) 546.43 459.33 425.63 537.69 466.35 504.17 

WtTare& Soil (WS) 510.23 421.84 387.39 480.76 414.14 442.34 

WtTare (W6) 100.45 103.77 105.11 104.61 101.83 99.91 

Wt Moisture (W7=W4-WS) 36.20 37.49 38.24 56.93 52.21 61.83 

WtDrySoU (W8=WS-W6) 409.78 318.07 282.28 376.15 312.31 342.43 

Water Content(%) (W7/W8)*100 I 8.8% 11.8% 13.5% I 15.1% 16.7% 18.1% I 
Dry Density (pel) (wd/(l+wc)) I 110.2 I 116.6 I 117.4 I 114.1 I 110.7 I 107.0 I 

MAXIMUM DRY DENSITY (pel) JJ7.6 DESCRIPTION Yellowish brown (I OYR 5/8) clayey sand 
OPTIMUM MOISTURE CONTENT(%) 12.9 

Corrected Maximum. Dry Density (pc:f) 122.9 

Corrected Optimum Moisture(%) 10.6 uses sc 

Specific: Gravity And Absorption of Coarse Aggregate- ASTM C 127-88 

Weight of Oven Dry Sample (gm) A 504.07 LL 35 

Weight of Satunted-Surfac:t-Dry (gm) B 506.40 PL 16 

Weight ofSatunted Sample In Water (gm) c 301.90 PI 19 

Absorption of Oversize Partic:les (%) ((B-A)IA(*100 0.46 MC 1.2'1'o 

Bulk Specific: Gravity A/(B-q I 2.465 I I I 
TECH JR 

AVERAGE ABSORPTION (assumed) I 0.5 I DATE 7-20-04 

AVERAGE BULK SPECIFIC GRAVITY (assumed) 2.46 REVIEW MB 

Golder Associates 



145 

140 

135 

130 

125 

c 120 
u c. 
._. 115 
~ 
~ 110 

Q 105 

~ 
Q 100 

MOISTURE I DRY DENSITY CURVE 
D 698 METHOD A 

""'"' 
ZERO AIR VOIDS CURV1 S 

""'~" / l7S=2.80 

...... Gs=2.70 

""" ~v~ 
Gs=2.60 

~"0< 
~~ ~ 
.,-~ ~"' / ""'" ~~ ~ 

"""' ~ ~ 
......... 

I 
; 
I 

~ 

~ 
~ ~ 

95 

90 

85 

80 

75 

0% 5% 10% IS% 20% 25% 

MOISTURE CONTENT % 

MAXIMUM DRY DENSITY (pel) 117.6 Corrected Maximum Dry Density (pet) 

OPTIMUM MOISTURE(%) 12.9 Corrected Optimwn Moisture(%) 

SAMPLE IDI PF-4 
SAMPLETYPE~------~B~UL~K~------~ 

SAMPLEDEPTH~-------------------~ 

DESCRIPTION Yellowish brown (I OYR 5/8) clayey sand 

uses sc 1 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

~ 

30% 35% 

122.9 
10.6 

LL 35 
PL 16 
PI 19 

MC ·1.2% 



.. 

AS RECEIVED WATER COI'fTENT 

T.,.No. 

WI. Wei Soil4 Tue(Bon) 

WL Dry5oil4 Tan (Bon) 

Wt.ofTore(sm) 

WL of Wiler (pn) 

Weigbl of Dry Soil (Bon) 

Moisture Catlllll (%) 

i}82130/ 
t1.2o:oh; 
/1~3!5$~! 

107.29 
616.46 

17.4 

SIEVE SAMPLE 

Wotcbt of Sample UHII For Sine Aul)'m Corn<ttd lor Hydroacopk Molstart 

Tore (Bon) ;;2~483';70:i• (before ocp-ms on tbell4 sieve) 

Weigbl (Sm) f1t~1)s<)~<f[§ w1' (Bon) 23211.43 

(WL+T.,.) RETAINED PASSING 
12.o·..:.: ... ,:;., ._o;;..:;,.:oo:;;·,*·.::.::.=.:.:.o~.o=,~J;:oo:;.:.o,;.::;, 

% 

114 MATERIAL SIEVE 

TBRWcipl 

o.oo 1 
6.0" '>'0.()();.:::: 0.0 100.0 
3.o· ·'.;;9;09.\: 0.0 I 00.0 
2.5" '/; Q,99:';:< 0.0 I 00.0 
2.o· <·~.OO.t:• o.o 100.0 
1.5" j).()();< 0.0 100.0 
1.o· •· 3450·;,; 0.1 99.9 

0.75"' 18.00t 0.3 99.7 
0.375" : 890;00? 3.83 96.2 

114 2449;00 10.55 89.4 

MONTH AND YEAR 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

HYDROMETER ANALYSI.;:.s.,.,..,_.,..., 

Spc<ifoc Grayjty (ass'd) 2>2;7,.f:.:' 
Spocifoc Gnyjty (tested) .::)>>'}'}(• 
-Dispersing Agent (ml) 125.00 

Type Dispcnioo Device Mocbanical 

Lmgtb ofDispenioo Period I Mimne 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

WLofSompleWCI OJ Dry(pn) I< 50.94: .. .) 

DATE TIME READING TEMP HYO.COR. 

dmlio04 .:, .. 9i6:::':i R T Cc 

%PASSING 712212004 9:28 :';205::' ;,:_22.70•.• .. 6.so·, 
BACKSIEVE #I o: . {;;12 > 

y.,.weipt #2 0 

o.oo I " 0 

#60 

#100 

#200 

.12.87/ 
.19.87':.< 

···25.02•.::·· 
:·.:29.10::: 
:•.·.3332:•: 

6.1 12.16 
12.9 25.56 
19.9 39.46 
25.0 49.69 
29.1 57.80 
33.3 66.18 

712212004 9:31 i.·:li:~~;~· 22.70 6.50 
712212004 9:41 22.70 6.50 
712212004 9:56 22.80 6.50 

78.6 
66.6 
54.1 

712212004 10:26 \ii :i:~\,~f 23.10 6.50 
712212004 13:36 21.60 6.50 

45.0 
37.8 
30.3 712312004 9:26 -:{:15:8•.·.· .. 20.50 6.50 

Golder Associates Inc. 

TEST BY 

DATE SETUP 

REVIEW BY 

cobbles 

I ..,.,.. grave 

fmc gravel 

.,.,..,.. ...... 
medium ...... 

fmeund 

fi!ICS 

0.00 
0.34 
10.21 10.55 
10.87 
24.43 
23.89 59.20 
30.25 



.. . 
AS RECEIVED WATER CONTENT 

Tore No. 

W1. w., Soil&. Tue (JPII) 

WI. Dry Soil& Tue(JPII) 

WtorT ... (JPII) 

W1.ofW11er(gm) 

Weiglll of Dry Soil (JPII) 

Moisnn Coolem (%) 

'''58U9:' 
;;:532?.23':! 
::'JOJ.•94r 

.54.66 
428.29 

12.8 

lmrDROSC::OPIC MOISTURE FOR SIEVE SAMPLE 

114 MATERIAL SIEVE 

TueWcig)ll 

o.Oil I 

BACK SIEVE 

Tore Wcighl 

o.Oil I 

;:;U:$1;;81,~\i 

~~il·:S3>'29:c: · 
~tfr32E34\\~i!' 

3.8 

18023.60 

(WI,+Tore) 

12.0" :).:.0.00:<': 
6.o· : ' :o,oo·,::: ... 
3.0" :': :·:.,0:\J\,l.f•,: 
2.5· ;.:,_o,ov ... :;: 
2.0" ·-::-::0.00.'<: 
1.5" .; .:0.00:-::.: 
1.0" ..... ;.0:00:,,:; 

0.75" .:: 0.00 
0.315" 258;90:\ 

114 2612.40 

0 ' ~· 
*20 

'3.72:.::·: 

1140 -~100 
'200 

' 10~65./ 
' 18J2": 
:23:38:;,: 
.27.52\ 
3L64:': 

'% o/o 

RETAINED PASSING 

0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
1.44 98.6 

14.49 85.5 

3.7 7.79 
10.7 22.31 
18.1 37.95 
23.4 48.97 
27.5 57.64 
31.6 66.27 

%PASSING 

78.8 
66.4 
53.1 
43.6 
36.2 
28.8 

MONTH AND YEAR 

PROJECT NAME 
PROJECT NUMBER: 

SAMPLEID: 

TYPE 

uses 

HYDROMETER ANALYSI.;,s_,.,.,..,....,.,.,...., 

Spoeif1< Gravily (us'd) ?::/2f(/ 
Spoeif~e Gravily (leslcd) 

Amounl Dispasing Ag<ol (ml) 125.00 

Tl'J'< Dispersioo Device Mocbanical 

l.englb of Dispenion Period I Mimne 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

Wl.ofSampleWIIorDiy(JPII) 1:.49.55\l 

DATE TIME READING TEMP HYD. COR. 

'?iWio&i' ':;:.:.,.9:5~' :::.:·, R T Cc 

712212004 10:01 

712212004 10:04 

20.3·,.·· '<22;80/:. ,::6;50'.\: 
> f#A ; 22.90 6.5o 

712212004 10:14 1K8 · 23.00 6.50 
712212004 10:29 

712212004 10:59 

7fl212004 14:09 

7fl312004 9:59 

,.Jii. 23.00 6.50 
'22.50 6.50 
21.10 6.50 
20.20 6.50 

Golder Associates Inc. 

I 
I 

cobbia 
coanc: sr:avd 
fmepovel I 

I --. 
medium sand 

fmeoand 

fmes 

0.00 
0.00 
14.49 14.49 
6.66 

25.79 
24.21 56.67 
28.84 



July-tM 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM 0421, 0422, 04318 

PROJECT NAME: Rocky Flats/Field & Lab Testing/CO 
SAMPLEID: PF-5 Depth (ft): -
TYPE: BULK 

12" 3" 2" I" 3/4" 318" 114 .10 .20 1140 (160 .100 1200 
100 

90 

\ .. 

'" 80 

""-' % 70 

p 60 1\ a 
\ s 

50 

'I'\ !\ 40 I' g 
30 

r-- .... ....... 
20 =--- -' 

10 

0 
I 

1000 100 10 "\·~. I \!\a 0.1 0.01 0.001 

Particle size in millimeters 

I ~c~ I I I I I COBBLES·! 
c~ Fine Mcdimn Fine Sihor02 

GRAVEL SAND FINES 

Particle Size Particle Size 

(mm) %Passing Oassification Percentage 
r--

304.8 JOO.O 12.0" PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 

'/ w.-75.0 JOO.O / 
...... 

e! 3.0" 

/ " ~ 2.5" 63.5 100.0 
50 

" 2.0" 50.0 100.0 :/ / z 
"0 

1.5" 37.5 JOO.O ==- / Cll .. i)H/ c e: .. 
"' 1.0" 25.0 100.0 Coaroe Gravel 0.00 ~ 40 

/ .~ lal 
Q / <ll 0.75" 19.0 100.0 !:; / .. 

" 9.5 98.6 > > 0.375" 30 
" !::: <il 

#4 4.8 85.5 FmeGravel 14.49 v I v 1 1110 2.00 78.8 Coarse Sand 6.66 3 MHo OH 
"0 
c 20 v v s 1120 0.85 66.4 ... c. 

tl) 

en #40 0.43 53.] Medium Sand 25.79 / ::i 10 1160 0.25 43.6 / V NJ. .. pL 
11100 0.15 36.2 ./ 

CLoM / . 
.__ 11200 O.o75 28.8 Fine Sand 24.21 0 . 

(mm) %Finer 0 10 20 30 40 50 60 70 80 90 IOU 110 
r--

0.035 24.4 LIQUID LIMIT (LL) 

~ 0.022 22.2 
c 0.013 21.7 Fines ATTERBERG LIMITS < 
.!! 0.0090 20.4 SiltorOay 28.84 M. LL PL PI SpG 

" I I I I I I e 0.0065 19.5 12.8 37 19 18 e 
"0 0.0032 18.6 >o ::c 

0.0014 17.3 ....... 
DESCRIPTION: Y ellowisb brown (I 0 YR 5/8) TECH JR 

DATE 7/1912004 

uses: sc I REVIEW MB 

Golder Associates Inc. 



I MOisTURE DENSITY CURVES I ASTM D 698 & 1557 

PROJECT TITLE Rocky Flats/Field & Lab Testing/CO TEST TYPE I D 698 D47J8 I 
PROJECT NUMBER 043-2246.0001 PROCEDURE METHOD A I 
SAMPLE IDENTITY PF-5 - -
SAMPLE TYPE BULK 

TYPE COMPACTOR PREPARATION METHOD A: 20~. OR LESS RETAINED ON 114 

MOLD NUMBER AH·1 I Mechanical ·I I Wet Method I 
MOLD WEIGHT (gm) 2265.0 METBODB: > 20~. RETAINED ON 114 AND 

MOLD DIAMETER (In) 3.991 TYPE PROCTOR 20~. OR LESS RETAINED ON 3/8" 

MOLD HEIGHT (in) 4.581 I Staadanl I 
MOLD VOLUME (cu.ft) 0.0332 METHODC: > 20~. RETAINED ON 3/8" AND 

5.5 -lbf. RAMMER WITH 12 INCH DROP < 30~. RETAINED ON 3/4" 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE I 

I 
Wet Wt Tare & Soil (WJ) 504.07 157.87 TOTAL WEIGHT, WET {COARSE & FINE) 18706.1q 

Dry Wt Tare & Soil (WZ) 492.88 153.29 TOTAL WEIGHT, DRY (COARSE & FINE) 18023.69 
WtTare {W3) 0.00 32.34 WEIGHT RETAINED ON #14 SIEVE (WET) 2871.30 

Wt Moisture (W4=WJ-W2) 11.19 4.58 WEIGHT RETAINED ON 3/8" SIEVE (WET) 

WtDrySoil (W5=W2-W3) 492.88 120.95 WEIGHT RETAINED ON 3/4" SIEVE {WET) 

Water Content (dec) (wc=W4JWS) 0.0227 0.0379 PERCENT RETAINED ON # 4 SIEVE (DRY) 15.58% 

Water Content(%) (W4/WS)•JOO 2.3% 3.8% PERCENT RETAINED ON 3/8" SIEVE (DRY) 0.00% 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 0.00% 

POINT RESULTS (FINE) I J I 2 I 3 I 4 I s I 6 I 7 I 
Wt. SoiJ & Mold (WJ) 4032.1 4118.9 4238.1 4253.8 4244.5 

Weight of Mold (WZ) 2265.00 2265.00 2265.00 2265.00 2265.00 

Wt. Of Wet Soil (W3=WJ-W2) 1767.10 1853.90 1973.10 1988.80 1979.50 

Wet Density, wd (pd) (W3/453.6•Vm) I 17.47 123.24 131.16 132.21 131.59 

WATER CONTENTS 
Wt Tare & Soil (W4) 643.01 612.82 649.00 658.69 647.98 

Wt Tare & Soil .(WS) 598.18 563.91 589.34 592.03 577.19 

WtTare (W6) 103.94 102.20 101.89 103.14 104.41 

WtMoisture cW7=W4-WS) 44.83 48.91 59.66 66.66 70.79 

WtDrySoil (W8=WS-W6) 49424 461.71 487.45 488.89 472.78 

Water Content (o/o) (W7/W8)•JOO I 9.1% I 10.6% 12.2% I 13.6% 15.0% I 
Dry Density (pd) (wdi(J+wc)) I 107.7 I 111.4 116.'? I I 16.3 114.5 I I 

MAXIMUM DRY DENSITY (pcf) J17.4 DESCRIPTION Yellowish brown (10 YR 5/8) 
OPTIMUM MOISTURE CONTENT(%) ]2.7 

Corrected Maximum Dry Density (pcf) J2J.9 

Corrected Optimum Moisture(%) 10.8 uses sc 

Specific Gravity And Absorption of Coarse Aggregate- ASTM C 127-88 

Weight of Oven Dry Sample (gm) A 504.07 LL 37 

Weight of Saturated-Surface-Dry (gm) B 506.40 PL J!l 

Weight of Saturated Sample in Water (gm) c 301.90 PI 18 

Absorption of Oversize Particles (%) I<B-AJIAJ•too 0.46 MC 12.8 

Bulk Specific Gravity A/(B-C> I 2.465 I I I 
TECH JR 

AVERAGE ABSORPTION (assumed) I 0.5 I DATE 7-20-04 

AVERAGE BULK SPECIFIC GRAVITY (assumed) 2.46 REVIEW MB 

Golder Associates 
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ATIERBERG LIMITS 

AS RECEIVED WATER CONn:NT 

TuoNo. 

Wt. Wcs SoDa: Tuo (IJD) 586.89 
Wt. Dry Soua: Tare (IJD) 532.23 
Wt.ofTue(IJD) )03.94 
Wt.ofWater(IJD) 54.66 
W.;ptofDrySoii(IJD) 428.29 
Moistun:Ccntentl"~) 12.76 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 
PF-5 
BULK 

4 OR 3 POINT ATTERBERG 

PLASTIC UMIT DETERMINATION 

~umber of Blows 
Weight of Wet Soil & 'i/'30:39,;!'; ~':"25:73>" 
Weight ofi>Jy Soil & T A2!ti0({ ;~/'23J!4'{ 
Weight ofTan: (gm) 'KlSc9.7!\1 ff'}3.;56;f' 
Weight ofWater (gm) 2.29 1.89 
WeightofDiySoil(gm 12.13 10.28 

Water Content % 18.88 18.39 

BLOWS MC 

PLASTIC LIMIT (PL) 

I 19 I 
PLASTICITY INDEX (PI) 

I 18 I 

35 36.55 3.56 25 
0.00 

-2 
26 37.23 3.26 
19 38.38 2.94 
0 0.00 #NUM! 

PLASTIC LIMITS 

0.00 0.00 
0.00 0.00 

IIDIV/0! IIDIV/0! 

PLASTIC LIMIT (PL) 

I I 
PLASTIOTY INDEX (PI) 

I I 

umber of Blows PLASTIC LIMITS 
apt aCwa Soil a y.,. (JrD) :~~~.!~~t;~.:.:.:~~·~; .. -~1~:;?~\t~t> 
apt orDry Soil .a Tare (Jnl) t,;.n;X~?~~**!~ 1:f:'~it~~~~~pr: 

Weight ofT an: (gm) f,t!f)tc.~:~s 'i;;,.,,;,;;;;:}'0;' 
Weight of Water (gm) 0.00 0.00 
Weight of Dry Soil (gm 0.00 0.00 

Water Content % IIDIV/0! IIDJV/0! 

PLASTIC LIMIT (PL) 

I NP I 
PLASTIOTY INDEX (PI) 

I NP I 

LIQUID LIMIT DETERMINATIOI\ 
t;t:t?.3~*-f j~{~Z/2lf:1~¥~ ~:ZA?l9'~i{.~ 
:~;i26AW?3 i';'tS':#{f! 1f,ii;U1:02'E 
\i';'2a:12:~t ~~22i'l:B)t. ii:}.2J:I:s;;;:: 
;Jif4!30'M. ;?')4I531t\', ~ti#/fE%'1 

3.26 2.96 3.47 
8.92 7.95 9.04 

36.55 37.23 38.38 

LIQUID LIMIT (LL) 

I 37 I 

25.00 25.00 10.00 l·POINTS 

36.55 38.38 37.49 37.49 ;;c~·k''3.1''':s~: 

LIQUID LIMITS 

IIDIV/0! IIDIV/0! 
LIQUID LIMIT (LL) 

I I 

NON-PLASTIC 

-2.._""'4.;.o'"".oo..;..........;;3..;..7 ·;.;.4.;;..9 ---iF!i~:~:;t<e!l~9,1'!''"i"?l'~: 
~si<~l:S5F!: 

TRIAL I TRIAL2 

: 0 0 

: #N/A #N/A 

LIQUID LIMIT (LL) 

I NP I 

Golder Associates Inc. 



A TIERBERG LIMITS 

AS RECEIVED WATER CONTENT 

Tare No . 

. Wt. Wei Soil & Tare (gm) 732.79 
Wt.DiySoil&Tare(gm) 668.31 
WLofTare(gm) 103.82 
Wt.ofWalc:r(gm) 64.48 
Weigbl ofDiy SoU (gm) 564.49 
Moislwe Coni"" ('~) 11.42 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 
PF-5 Dup 
BULK 

4 OR 3 POINT ATTERBERG 

PLASTIC LIMIT DETERMINATION 

!Number of Blows 
Weight of Wet Soil & T M'i5:67i,f ~1.?1236'}:• 
Weight ofDry Soil & T ~";·:24!J:n;:. ~\2})j;'·W 
Weight ofTarc (gm) l.i:rs;s9:'~ {'!398:tc 
Weight of Water (gm) 1.50 I .40 
Weight of Dry Soil (gm 8.28 7.38 
Water Content 'Yo 18.12 18.97 

BLOWS MC 
35 37.99 
23 40.61 
16 43.44 
0 0.00 

of Blows 

PLASTIC LIMIT (PL) 

I 19 I 
PLASTICITY INDEX (PI) 

3.56 
3.14 
2.77 

#NUM! 

I_ 21 I 

25 
0.00 

-2 

of Water (gm) t-o::-0":::.00-:':-+--:0:'-:.00:-=--t 
of Dry Soil (gml-::::'0::'.00=:+-::::0:--=.00:-:':::-:-1 

IIDJV/0! IIDIV/0! 

PLASTIC LIMIT (PL) 

I I 
PLASTICITY INDEX (PI) 

I I 

of Blows PLASTIC LIMITS 

PLASTIC LIMIT (PL) 

I NP I 
PLASTICITY INDEX (PI) 

I NP I 

LJQUID LJMJT DETERMJNATIOI\ 
i;\.~;ti3s;~;i;}' U1:'<i2l<?t t~:t;,ii~/!Y 
(i,:,:i4:.S7:t"i' :rFn:M?~i ?t23:?o~r 
;;:'21':59:t:~ 'f2oiss~u ~'l:io:92<:;:; 
!??I4;~V<' ;y13:98'}~; :=.?J4:S2t:; 

2.88 2.79 2.78 
7.58 6.87 6.40 

37.99 40.61 43.44 

LIQUID LIMIT (LL) 

I 4o I 

. 13 POINTSI 

i 
I 
I 

I 

25.00 25.00 10.00 3-POJNTS 

37.99 43.44 40.23 40.23 :,;,)4()::'::: 

-2.__..:.44.:.:..00~--:-40=.2::;,3 ----f;'~-"'-~::·J===9~::·::""1.;' 
<.:::':-2-f.':.-:·? 

LIQUID LIMITS 
,,, . '• ., . ~-: : . 
···;. ,-~J.,•: ... ;.- .. : .. ·. TRIAL I TRIAL2 

: 0 0 

: #N/A liN/A t--::-0.":::00-:':-+--:0:'-:.00:-:--t K VALUE 
0.00 0.00 

IIDJV/0! IIDJV/0! 
LIQUID LIMIT (LL) 

I I 

LIQUID LIMIT (LL) 

I NP I 

Golder Associates Inc. 



AS RECEIVED WATER CONTENT 

Tare No. 

WL Wet Soil & Tare (Bm) 

Wt, Dry Soil & Tare Ism) 

WLofTIIO(Bm) 

Wt. ofWoter (Bm) 

Wcigbt of Dry Soil (Bm) 

Moistuno Coot<nl (".4) 

?731.i79"· 
::6~131) 
;:,103';82> 

64.48 
564.49 

11.4 

Welpt of Sample Utod For SioYo Aaalytlt Corroctod for H1d .......... < Molttan 

Tare(Bm) ::;)9173!70/ (bcforo.....,...m,ontllell4sitwe) 

TareWeigbt 

o.oo 1 

BACK SIEVE. 

T ... Weisbt 

0.00 I 

18617.17 

(Wt.+Tare) 

12.0" : .. {);00·:::: 
6.0" . o.oo ... : 
3.0" :: 0.0\h. 
2.s· ·.o,w.;.' 
2.0" ::. o.oo:: 
u· .. : o:oo~ .... · 
1.0" :.' ... 0.00'·'·. 

o.w ··;: o.oo; 
0.375" . 263AO: 

2378.50 #4 

#I 0 ... 5;9.7.·· 
#20 13;69.· 
1140 20;62 
#60 ·:25A4.· 

#100 . 29;21·: 
#200 .... 32,90 

% % 
RETAINED PASSING 

0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
1.4 98.6 
12.8 87.2 

6.0 12.25 
13.7 28.08 
20.6 42.30 
25.4 52.18 
29.2 59.91 
32.9 67.48 

%PASSING 

76.5 
62.7 
50.3 
41.7 
35.0 
28.4 

MONTH AND YEAR 

PROJEci NAME 

PROJECT NVMBER: 

SAMPLEID: 

TYPE 

uses 

HYDROMETER ANALYSI.;;.S.,......,.,.,.,..,., 

Specific Gnviry (ass'd) :: ;~ 2.7 ::)~~· 

SpecifiC Gnviry (tested) /1/·i;:~:<)'\ 

Amount Dispenina Asm• (mil 125.oo 

Type Dispersioo l>e>ic:e Mocbanical 

Length ofDispenion Period I Minute 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

Wt. ofSsmpleWet orOry(Bm) I >50;2}':.;J 

DATE TIME 

... 112ii2oo4' / fil:4i: 
712212004 10:45 

712212004 10:48 

712212004 10:58 

712212004 11:13 

712212004 II :43 

712212004 14:53 

712312004 10:43 

READING TEMP 

R T 

19;8'+ · .. 22.50. 
y Is::s 22.50 
; }ii;i 22.10 
i• itif< 22.00 

fi;·i~:i,:.. ~i:E 

HYD.COR . 

Cc 

650 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 

Golder Associates Inc. 

TEST BY 

DATE SETUP 

REVIEW BY 

cobbles 

coanepavel 

fmc: pave! ............ 
medium sand 

fmc: sand 

fmes 

0.00 
0.00 
12.78 
10.68 
26.21 
21.97 
28.36 

12.78 

58.86 



July-b4 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: Rocky Flats/Field & Lab TestlogiCO 
SAMPLEID: PF-SDup Depth (ft): -
TYPE: BULK 

12' 3' 2' I' 3/4' 318' 114 ~10 no 1140 #1(>0 ••oo .200 

100 

90 

'" 80 

"' 
0/o 70 " '\ p 60 
a !\ 
s so r\. 
s '\ 
i r-... I 
D 40 

" g 
30 

!'"-...._ 
1"--. .... 

20 -
10 

0 

1000 100 10 'v\~ I 0.1 0.01 0.001 

Particle size io millimeters 

I I~ I I I COBBLES I Coone Fine Medimn Fill< I SihwCbl I GRAVEL SAND FINES 

Particle Size Panicle Size 

(mm) %Passing Classification Percentage ....--
12.0" 304.8 100.0 

PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 v ...... 

75.0 100.0 v ...... e 3.0" 

/ .. 
100.0 .&> 2.5" 63.5 E $0 v " 2.0" 50.0 100.0 / z 

/ .., 
l.S" 37.5 100.0 ::- cu .. PH/ a e:. 

l'l 1.0" 25.0 100.0 Coar.;e G111vel 0.00 ~ 40 
lal v N 
Q / ;;; 0.75" 19.0 100.0 !: !/ .. 

" 9.5 98.6 ~ > 0.375" 30 
" ;;; 

#4 4.8 87.2 Fine Gl11vel 12.78 !::! v. / ] 3 MHo OH .., 1110 2.00 76.5 Coarse Sand 10.68 
B 20 

I v 1120 0.85 62.7 .. CL'" 
tr.l 

v.i 1140 0.43 50.3 MediiDD Sand 26.21 / ::i 10 1160 0.25 41.7 / v 
0.15 35.0 ·v / MLar L 

11100 CLoM . 
...._ 11200 oms 28.4 Fine Sand 21.97 0 . 

( ... ) %Finer 0 10 20 30 40 '0 60 70 80 90 100 110 
....-- LIQUID LIMIT (LL) 0.035 23.5 
·l 0.022 21.3 ... 
c 0.013 20.8 Fines ATTERBERG LIMITS < 
~ 

0.0091 19.9 Silt or Clay 28.36 M. LL PL PI SpC B 
" I I I I I I E 0.0066 19.0 JJ.4 40 19 21 e .., 

0.0033 18.2 >. :c 
0.0014 16.4 

L..-

DESCRIPTION: Yellowish brown (10 YR 5/8) clayey sand TECH JR 

DATE 712112004 

uses: sc REVIEW MB 

Golder Associates Inc. 
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145 

140 

135 

130 

125 

l;:: 120 
u =-'-' 115 > 
!--V,) 110 :z 
[;<1 
~ 

> 105 
g:: 
~ 100 

95 

MOISTURE I DRY DENSITY CURVE 
D 698 METHOD A 

~"'"' 
ZERO AIR VOIDSCURVJ s 

""""" 
/, f.is=2.80 

Gs=2.70 

""'' """'/ / 
Gs=2.60 

"'~ ~~ " ~ ~"' / 
.... 
~~ I'... 

~ ""' ~ ~ 
.......... 
~ 

~ 
~ ~ 90 

85 ~ 
80 

75 
0% 5% 10% 15% 20% 25% 

MOISTURE CONTENT % 

MAXIMUM DRY DENSITY (pcf) 1 1 7.4 Corrected Maximum Dry Density (pet) 

OPTIMUM MOISTURE(%) 12.7 Corrected Optimum Moisture (%) 

SAMPLE IDI PF-5 
SAMPLE TYPE BULK 

SAMPLEDEPTH~_:::::::::::::::::::~ 

DESCRIPTION Yellowish brown (10 YR 5/8) 

uses sc I 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

30% 35% 

121.9 
10.8 

LL.,_....;3~7--I 
PL 19 
Plt--~1 8~-1 

MC 12.8 



145 

140 

135 

130 

125 

e 120 
u 
Cl. 

.._. 115 
i: -~ 110 
roil 
IQ 105 
~ 
IQ 100 

95 

MOISTURE I DRY CURVE 
D 698 METHOD A 

., ~ ~ ZERO AIR VOIDSCURVI s 

""'""'" 
/ ~s=2.80 

'- ~s=2.70 

"" """',/ ~ JJs=2.60 

""<>< 
~"' ""' ~ ~"' 

,I 
~ "~~ "" "" ~ ~ 

.......... 

I 
I 

I 
I 

~ 

~ 
~ ~ 
~ 

90 

85 

80 

75 
0% 5% 10% 15% 20% 25% 

MOISTURE CONTENT % 

MAXIMUM DRY DENSITY (pcf) 118.4 Corrected Maximum Dry Density (pel) 

OPTIMUM MOISTURE(%) 12.8 Corrected Optimum Moistuno (%) 

· SAMPLE IDI PF-5 Dup 
SAMPLETYPE~.------~B~U~LK~------~ 

SAMPLE DEPTH~----------------~ 

DESCRIPTION Y ellowisb brown (I 0 YR 5/8) clayey sand 

uses sc 1 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

30% 35% 

122.3 
11.1 

LL 40 
PLt----:-::19:---1 

Pl..,_....;2;;.;1~-l 
MC 11.4 



\ 

A ITERBERG LIMITS 

ASRECEJVEDWATERCONTEI\fJ 

Tare No. 

WL Wd Soil A Tare (gm) 656.82 
WLDiySollA Tore(gm) 599.96 
WLofT...,(gm) 104.75 
WLofWOI .. (gm) 56.86 
WeigbtofDiySoll(gm) 495.21 
Moisture Coatc:m ('~) 11.48 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 
PF-6 
BULK 

4 OR 3 POINT ATIERBERG 

PLASTIC LIMIT DETERMINATION 

Number of Blows 
WeightofWetSoil&l iL20:l6'} ;;.20:55.·; 
WeightofDrySoii&T (:19:12> ·iJ9:53.'! 
Weight ofTarc (gm) 'i:'J3;n:·-;: •·· 14;53." 
Weight of Water (gm) 1.04 1.02 
Weight of Dry Soil (gm 5.40 5.00 
Water Content 'Yo 

BLOWS MC 
35 42.93 
27 44.51 
17 48.30 
0 0.00 

1926 20.40 

PLASTIC LIMIT (PL) 

I 20 I 
PLASTICITY INDEX (PI) 

I 2s I 

3.56 
3.30 
2.83 

#NUM! 

25 
0.00 

-2 

!JQUD ~ T !!;) MINATIOI'I 
.• ;~''; i':;:~:'l7,\{. 

>.49 3.69 4._1 
8.1 3 8.29 8.5 
42.93 44.5 I 48.; 0 

LIQUID LIMIT (LL) 

I 45 I 

13 POINTSf 
25.00 25.00 10.00 3-POJNTS 

42.93 48.30 45.32 45.32 i!'/45~'<'· 
-2.__.;;.50.;..:;.00;;..;;..._4;.;;5.;;:;.3=.2 __ -+~·~;;~;-~:2~Q,+/;4;.: 

!::')25~:::::,: 

ONE POINT A TTERBERG 

Number of Blows PLASTIC LIMITS 

Wei ... afWetSall.tT.,.<Iml :::/,:-,: :/.<':'::: ·. ,,::: 
~.;p.afDrySoiJaT .. (IID) ?•: ., .• ::':'.''•:'· ,, ..... 
Weight ofTare (gm} :;~:·, ~:·.:-::·~:-:'!i. 

Weight of Water (gm) P~o.':::oo~+-~o:i.:.oo:"::---1 
Weight ofDry Soil (gm.,._.,,;0;;;.00;,;:.,.-+-..,0;;;·~00~ 
Water Content 'Yo #DIV/0! #DIV/0! 

PLASTIC LIMIT (PL) 

I I 
PLASTICITY INDEX (PI) 

I I 

of Blows PLASTIC LIMITS 

PLASTIC LIMIT (PL) 

I NP I 
PLASTICITY INDEX (PI) 

I NP I 

LIQUID LIMITS 
TRIAL I TRIAL 2 

BLOWS: 0 0 

0.00 0.00 KVALUE: #N/A #N/A 
0.00 0.00 

#DIV/0! #DIV/0! 
LIQUID LIMIT (LL) 

I I 

LIQUID LIMIT (LL) 

I NP I 

Golder Associates Inc. 

;j~};:~:f~:Z:(i~:-. 
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ASRECEIVEDWATERCONTENT 

Tare No. 

Wt. Wet SoU& Tare(lm) 

Wt. Dry Sotl & T.,. (lm) 

Wt. ofTue (lm) 

Wt. of Water (Sm) 

Weigbt of Dry Soil (Jill) 

Moisture C...ent (%) 

,:656:82:5 
'-599:96!: 
<104:75:' 

56.86 
495.21 

11.5 

lmrDROSC:OPIC MOISTURE FOR SIEVE SAMPLE 

~i\'.92;-59;¢:;:~. 
~~C!:Ju~'#iw'x 
~i'Z,t~'S~i? 

IMoii!tlm C...:CIII (%) I. 7 

T.,. Weigbt 

o.oo 1 

BACK SIEVE 

T...,Weigbl 

o.oo I 

(WL +Tan:) 

12.0" [:. 0.00:':,::.: 
6.0" :: _{).00:.':' 
3.o· <'::O.QO;,c:; 
2.5" > q;OQ,::-::: 
2.o· < :<too:,::.; 
1.5" ·:_::<>.00!::: 
1.0· ·r o;oo::-.::: 

o.w >· .o.oo.::;, 
0.3W i:26l. 70.:' 

114 :3439.70 

0 .''.·5~69.':: 

o ... :12.os::: 
#I 

#2 

114 

1160 

#100 

0 :~]8;85-.:: 

/23~53·'~ 
·.~2624"'' 

#200 :;:-30.96': 

% % 
RETAINED PASSING 

0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
1.36 98.6 
17.91 82.1 

S.7 11.67 
12.1 24.71 
18.9 38.65 
23.S 48.24 
26.2 53.80 
31.0 63.48 

%PASSING 

72.5 
61.8 
50.4 
42.5 
37.9 
30.0 

MONTH AND YEAR 

PRO.JECJ NAME 

PRO.JECJ NUMBER: 

SAMPLEID: 

lYPE 

uses 

HYDROMETER ANALYSI,;:.S-_,.....,.., 

Speciftc: Gravity (oss'd) ·.{ '·2i7)//; 
Speciftc: Gnvity (tested) .;.·;;1?'''"'"''' · 
Amown Disper>ins Agcut (ml) 125.00 

Type Dispasion O..ic:e Mechanical 

Lcngtb of Dispasion Period I Minute 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

Wt. ofSan-4>le WCI or Dry(gm) 1·:::49;58;/l 

DATE 

i7122do04 
712212004 

712212004 

712212004 

712212004 

712212004 

712212004 

712312004 

TIME 

.10:07: 

10:09 

10:12 

10:22 

10:37 

11:07 

14:17 

10:07 

READING TEMP · mrD. COR. 

R T Cc 

Golder Associates Inc. 

TEST BY 

DATE SETUP 

REVIEW BY 

I cobb Ia --1 
fmepvd/ __ , I I 

medium ..... 

r ........ 
r .... 

0.00 
0.00 
17.91 17.91 
9.58 

22.15 
20.38 52.11 
29.98 



. 
MOISTURE DENSITY CURVES 

ASTM D 698 & 1557 

PROJECT TITLE. Rocky Flats/Field & Lab Testing/CO TEST TYPE I D 698 D4718 I 
PROJECT NUMBER 04.3-2246.0001 PROCEDURE METHOD A I 
SAMPLE IDENTITY PF-SDnp I - I -
SAMPLE TYPE BULK I 

TYPE COMPACTOR PREPARATION METHOD A: 20,_o OR LESS RETAINED ON #4 

MOLD NUMBER AH-1 I Mechanical I I Wet Method I 
MOLD WEIGHT (gm) 2265.0 METHODB: > 20,_o RETAINED ON #4 AND 

MOLD DIAMETER (In) 3.991 TYPE PROCTOR 20,_o OR LESS RETAINED ON 3/8" 

MOLD HEIGHT (In) 4.581 I Staodard I 
MOLD VOLUME (cu.ft) 0.0332 METHODC: > 20,_o RETAINED ON 318" AND 

5.5 -lbf. RAMMER WITH 12 INCH DROP. < 30,_o RETAINED ON 3/4" 

WATER CONTENT COARSE TOTAL TOT ALWEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

FRACTION SAMPLE 

Wet~ Tare & SoU (WI) 504.07 83.44 TOTAL WEIGHT, WET (COARSE & FINE) 19173.70 

Dry Tare & SoU (W2) 492.88 81.65 TOTAL WEIGHT, DRY (COARSE & FINE) 18617.17 

WtTa e (W3) 0.00 21.77 WEIGHT RETAINED ON #4 SIEVE (WET) 2641.90 

' Wt Moisture (W4=WI-W2) 11.19 1.79 WEIGHT RETAINED ON 318" SIEVE (WET) 

Wt Dry SoU (WS=W2-W3) 492.88 59.88 WEIGHT RETAINED ON 3/4" SIEVE (WET) 

Water Content (dec) (wt=W4/W5) 0.0227 0.0299 PERCENT RETAINED ON # 4 SIEVE (DRY) 13.88% 

Water Content(%) (W4/WS)•IOO 2.3% 3.0% PERCENT RETAINED ON 318" SIEVE (DRY) 0.()0% 

PERCENT RETAINED ON 3/4" SIEVE (DRY) 0.00% 

POINT RESULTS (FINE) I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
Wt. SoU & Mold (WI) 4084.2 4195.2 4276.4 4264.4 4224.3 

Weight of Mold (W2) 2265.00 2265.00 2265.00 2265.00 2265.00 

Wt. Of Wet Soil (W3=WJ-W2) 1819.20 1930.20 2011.40 1999.40 1959.30 

Wet Density, wd (pd) (W3/453.6•Vm) 120.93 128.31 133.71 132.91 130.24 

WATER CONTENTS 

WtTare& SoU (W4) 608.70 619.31 612.87 617.89 607.36 

Wt Tare& SoU (WS) 564.88 567.90 554.51 553.19 537.89 

WtTare (W6) 102.14 100.28 101.59 100.18 103.17 

WtMoisture (W7=W4-WS) 43.82 51.41 58.36 64.70 69.47 

WtDrySoU (W8=WS-W6) 462.74 467.62 452.92 453.01 434.72 

Water Content(%) (W7/WB)•Joo 1 9.5% I 11.0% 12.9% 14.3% l 16.00/o 

Dry Density (pd) (wdl(l+wc)) 110.5 I 115.6 118.4 116.3 I 112.3 

I.MAXIMIJM DRY DENSITY (pel) 118.4 DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand 
OPTIMUM MOISTURE CONTENT(%) 12.8 

Corrected Maximum Dry Density (pd) 122.3 

Corrected Optimum Moisture(%) 11.1 uses sc 

Specific Gravity And Absorption of Coane Aggregate- ASTM C 127-88 

Weight of Oven Dry Sample (gm) A 504.07 LL 40 

Weight ofSaturated.Surface-Dry (gm) B 506.40 PL 19 

Weight of Saturated Sample In Water (gm) c 301.90 PI 21 

Absorption of Ovenize Particles(%) I(B-A)/AI•Joo 0.46 MC 11.4 

Bulk Specific Gravity A/(8-C> I 2.465 I I I 
TECH DT 

AVERAGE ABSORPTION (assumed) I 0.5 . I DATE 7-22-04 

AVERAGE BULK SPECIFIC GRAVITY (assumed) 2.46 REVIEW MB 

Golder Associates 



MOISTURE DENSITY CURVES 
ASTM D 698 & 1557 

PROJECT TITLE Rocky Flats/Field & Lab Testing/CO TEST TYPE I D 698 D4718 I 
PROJECT NUMBER 043-2146.0001 PROCEDURE METHOD B I 
SAMPLE IDENTITY PF-6 I - I -
SAMPLE TYPE BULK I 

TYPE COMPACTOR PREPARATION METHOD A: 20'1'o OR LESS RETAINED ON #4 

MOLD NUMBER AH-1 I Mechanical I I Wet Method I 
MOLD WEIGHT {gm) 2265.8 METHODB: > 20'1'o RETAINED ON #4 AND 

MOLD DIAMETER {in) 3.991 TYPE PROCTOR 20% OR LESS RETAINED ON 318" 

MOLD HEIGHT {in) 4.581 I St.aadanl I 
MOLD VOLUME {cu.ft) 0.0332 METHODC: > 20'1'o RETAINED ON 318" AND 

5.5 -lbf. RAMMER WITH 12 INCH DROP < 30'1'o RETAINED ON 3/4" 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT,RETAINED 

FRACTION SAMPLE 
I 

I 
Wet Wt Tare & Soil (Wl) 504.07 656.82 TOTAL WEIGHT, WET (COARSE & FINE) 19522.401 

Dry Wt Tare & Soil (W2) 492.88 599.96 TOTAL WEIGHT, DRY (COARSE& FINE) 17511.7JT 

WtTare (W3) 0.00 104.75 WEIGHT RETAINED ON # 4 SIEVE (WET) 3701.40 

WtMoisture (W4=Wl-W2) 11.19 56.86 WEIGHT RETAINED ON 318" SIEVE (WET) 

WtDrySoil (WS=W2-W3) 492.88 495.21 WEIGHT RETAINED ON 3/4" SIEVE (WET) 

Water Content (dec) (wc=W41W5) 0.0227 0.1148 PERCENT RETAINED ON # 4 SIEVE (DRY) 20.67% 

Water Content{%) (W41WS)*l00 2.3% I 1.5% PERCENT RETAINED ON 318" SIEVE (DRY) 0.00% 

PERCENT RETAINED ON 3/4" SIEVE (DRY) 0.00% 

POINT RESULTS {FINE) I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
Wt. Soil & Mold (WJ) 4078.5 4224.4 4287.2 4293.9 4283.1 

Weight of Mold (W2) 2265.80 2265.80 2265.80 2265.80 2265.80 

Wt. Of Wet Soil (W3=Wl-W2) 1812.70 1958.60 2021.40 2028.10 2017.30 

Wet Density, wd (pd) (W3/453.6*Vm) 120.50 130.20 134.37 134.82 134.10 

WATER CONTENTS 

WtTare&Soil (W4) 719.66 750.24 738.64 527.43 662.30 

WtTare&Soil (WS) 670.73 686.65 671.13 476.83 587.82 

WtTare (W6) 101.16 102.62 101.61 100.97 103.19 

WtMoisture (W7=W4-WS) 48.93 63.59 67.51 50.60 74.48 

Wt Dry SoU (WB=W5-W6) 569.57 584.03 569.52 375.86 484.63 

Water Content{%) (W71W8)*JOO r 8.6% 10.9% I 11.9% I 13.5% I 15.4% I I J 
Dry Density {pel) (wdl(l +we)) I 111.0 117.4 I 120.1 I 118.8 116.2 I 

MAXIMUM DRY DENSITY {pc0 120.3 DESCRIPTION Yellowish brown (I 0 YR 5/8) clayey sand with 

OPTIMUM MOISTURE CONTENT{%) 12.5 gravel 

Corrected Maximum Dry Density {pcO 120.3 

Corrected Optimum Moisture{%) 12.5 uses sc 

Specific Gravity And Absorption of Coarse Aggregate- ASTM C 127-88 

Weight of Oven Dry Sample {gm) A 504.07 LL 45 

Weight of Saturated-Surface-Dry (gm) B 506.40 PL 20 

Weight of Saturated Sample in Water {gm) c 301.90 PI 25 

Absorption of Oversize Particles{%) )(B-A)IA)*JOO 0.46 MC Jl.S'I'o 

Bulk Specific Gravity AI(B-C) I 2.465 I I I 
TECH JR 

AVERAGE ABSORPTION {assumed) I 0.5 I DATE 7-20-04 

AVERAGE BULK SPECIFIC GRAVITY {assumed) 2.46 REVIEW MB 

Golder Associates 
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MOISTURE I DRY DENSITY CURVE 
D 698 METHOD B 

""""' 
ZERO AIR VOJDSCURVl s 

""~ ~ L (;s-2.80 

~ ~s=2.70 

""-" .;..v~ Gs=2.60 

~"0( 
~~ ' /~ ~"" J ""~ ' """ ~ ~ ~ 

'~ 
~ ~ 90 

85 ~ 
80 

75 
0% 5% 10% 15% 20% 25% 

MOISTURE CONTENT% 

MAXIMUM DRY DENSITY f) 120.3 Corrected Maximwn Dry Density (pel) 

OPTIMUM MOISTURE (%) 12.5 Corrected Optimwn Moisture(%) 

SAMPLE IDI PF-6 
SAMPLETYPE~------~B~UL~K~------~ 

SAMPLEDEPTH~-------------------~ 

DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand with gravel 

uses sc 1 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

30% 35% 

120.3 
12.5 

LL 45 
PLI--2:--::0:---1 

PI._,_--:2;;.;;5 __ -f 
MC 11.5% 



• 
A TIERBERG LIMITS 

AS IIECEIVED WATER CONJ'ENT 

T.,.No. 

WL Wet Soil A y..., (Bnl) 688.89 
WL Dry' Soil A T010 (Bnl) 619.14 
WLolT010(pD) 102.36 
Wloi"Wil,.(pD) 69.75 
WciPI oll)ly Soil (Jill) 516.78 
MoistureCootCIII("-4) )3.50 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

Rocky Flats/Field & Lab Testing'CO 
043-2246.0001 
PF-7 
BULK 

4 OR 3 POINT A TTERBERG 

PLASTIC LIMIT DETERMINATION 

[Number of Blows. 

Weight of Wet Soil &: W21';$s;:~; f~~24;36;;.t 
Weight ofDry Soil &: T 1(:·2C):4V?.\ ~!c.t3;<J6:!~~ 
Weight ofTare (gm) Nl3l9!i$ 1:J,16~Hi/;'4 
Weight of Water (gm) 1.14 1.30 
Weight of Dry Soil (gm 6.50 6.96 

Water Content% 

BLOWS MC 
27 33.99 
25 35.85 
16 38.52 
0 0.00 

17.54 18.68 

PLASTIC LIMIT (PL) 

I t8 I 
PLASTICITY INDEX (PI) 

3.30 
3.22 
2.77 

#NUM! 

J. 11 I 

25 
0.00 

-2 

PLASTIC LIMITS 

0.00 0.00 
0.00 0.00 

IIDIV/0! IIDIV/0! 

PLASTIC LIMIT (PL) 

I I 
PLASTICITY INDEX (PI) 

I I 

. PLASTIC UMITS 

0.00 0.00 
0.00 0.00 

IIDIV/0! #DIV/0! 

PLASTIC LIMIT (PL) 

I NP I 
PLASTICITY INDEX (PI) 

I NP I 

r 1mnn LIMIT DETERMINATIOJii 

2.57 2.55 
7.56 6.75 '6.62 

33.99 35.85 38.52 

LIQUID LIMIT (LL) 

I 35 I 

13 POINTSI 

I 
I 
I 
I 

25.00 25.00 10.00 3-POINTS 

33.99 38.52 35.17 35.17 (:;'35'f:'i) 
,2 L-..;:.40::.:..00~---=3::.:::5::..:.1..:..7 _...;_-1'+::4:>:1:=8~0'-d!: 

':;.'>1T.::Y· 

LIQUID LIMITS 
TRIAL! TRIAL2 

: 0 0 

: #N/A #N/A 1--""'0.~00~-t-...;0;,;..00~-1 K VALUE 
0.00 0.00 

IIDIV/0! #DIV/0! 
LIQUID LIMIT (LL) 

I I 

LIQUID LIMIT (LL) 

I NP I 

Golder Associates Inc. 



July-b4 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D42J, D422, D4318 

PROJECT NAME: Rocky Flats/Field & Lab Testing/CO 
·sAMPLEID: PF-6 Depth (ft): -
TYPE: BULK 

12' 3' 2' I' 3/4' 311!' 114 flO #20 1140 1160 #100 #200 

100 

I 
90 

80 
\. 
"~ 

% 70 

""' 
I' 
I 

p .60 
8 I \\. s so I 

!\ I ' "-40 

"' g 
30 

I r-. t-.. r--...: 
20 I -
10 

I I 
0 

I 

1000 100 10 r_, :--..: I 0.1 0.01 0.001 

Particle size in millimeters 

I I I OOBBLF.S I Coone FiDe I c..... 
Medium I FiDe I Sib oo Clol I GRAVEL SAND FINES 

Particle Size Particle Size 

(mm) %Passing Classification Percentage -
12.0" 304.8 100.0 PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 /u..._ 
3.0" 75.0 100.0 / """' 

~ / .. 
.&> 2.5" 63.5 100.0 E '0 
::1 

2.0" 50.0 100.0 7 / z / .., 
1.5" 37.5 100.0 ~ CH'" rm/ a 

.~ 1.0" 25.0 100.0 Coarse Gravel 0.00 >< 40 
17 lol 

Q I / 1'.1) 0.75" 19.0 100.0 :!: 
.~ 0.375" 9.5 98.6 ~ 30 
1'.1) 

#4 4.8 82.1 F'me Gravel 17.91 IJ v v ] i= • NHo OH .., #10 2.00 72.5 Coarse Sand 9.58 ~ 
.§ .J 20 v y #20 0.85 61.8 ... a. .. 

1'.1) 

v.i #40 0.43 50.4 Medium Sand 22.15 / ::i 
#60 0.25 42.5 10 

/ 

#100 0.15 37.9 
./ / Ml.« L 

CL•M . 
- #200 0.075 30.0 F'meSand 20.38 0 

. 
(am) %1"- 0 10 20 30 40 50 60 70 80 90 100 110 

- UQUID UMIT (LL) 
0.034 25.0 

.:I .. 0.022 22.9 
~ c: 0.013 22.1 Fines ATTERBERG LIMITS < 
!i 0.0091 20.8 Silt or Clay 29.98 M. LL PL PI SpG .. I I I I I I E 0.0064 20.4 11.5 45 20 25 e .., 0.0032 19.2 >. 
:r: 0.0014 17.9 
-

DESCRIPTION: Yellowish brown (I 0 YR 5/8) clayey sand with TECH JR 

gravel DATE 711912004 

uses: sc REVIEW MB 

·Golder Associates Inc. 



July-04 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME: Rocky Flats/Field & Lab Testing/CO 

SAMPLEID: PF-7 Depth (ft): -
TYPE: BULK 

12" 3" 2" I" 3/4" 3/8" 114 #10 #20 1140 t60 #100 #200 

100 

90 
~ ...... 

t-.... 80 

"' % 70 
' 

p 60 
a i\ 
s so 
s 

1\ 
I 

i I 
n 40 

' g '\.. 30 

' 
20 

I' -- -10 

0 ; 
i 

1000 100 10 •·. 

' I 0.1 0.01 0.001 

Particle size In millimeten 

I I~ I I I I roBB!£5 I c ...... FU.. MediiDII .... Sib .. a 2 I GRAVEL SAND FINES 

Particle Size Particle Size 

(mm) %Passing Classification Pen:entage -
12.0" 304.8 100.0 

PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 

/ ..... ~ 3.0" 75.0 100.0 / 
...... 

~ / .8 2.5" 63.5 100.0 E $0 

"' 2.0" 50.0 100.0 v v :z 

/ "0 
I.S" 37.5 100.0 1:" CH .. PH / fii ~ 

:l 1.0" 25.0 100.0 Coane Oravel 0.00 ~ 
40 

/ N 
Q / Ci'i 0.75" 19.0 100.0 iS / .. .. 

9.5 9!1.1 6 > 0.375" 30 .!! v <1.1 #4 4.8 87.1 Fine Oravel 12.8!1 / 1 I= MHo OH 
"0 #10 2.00 78.8 Coane Sand 8.34 ~ c ,.) 20 

I y s #20 0.85 64.0 ... <i'" <1.1 

<li #40 0.43 48.7 McdiiDD Sand 30.05 / ::i 10 #60 0.25 38.5 / 
11100 0.15 30.8 ./ 

CLoM / ML .. pL . 
'-- #200 0.075 23.8 Fine Sand 24.87 0 

. 
(am) %Fiacr 0 10 20 30 40 .$0 60 70 . 80 90 100 110 

;--
0.035 1!1.4 LIQUID LIMIT (LL) 

.~ 

~ 0.023 17.7 .... 
c: 0.013 17.2 fines ATTERBERG LIMITS < -- 0.0092 16.3 Silt or Clay 23.85 M. LL Pl.. PI SpC J!l 

" I I I I I I E 0.0064 15.!1 13.5 35 18 17 e 
"0 0.0033 15.4 >. 
:c 

0.0014 13.7 ....._ 

DESCRIPTION: Y ellowisb brown (I 0 YR 5/8) clayey sand TECH JR 

DATE 711912004 

uses: sc I REVIEW MB 

Golder Associates Inc. 



MOISTURE DENSITY CURVES 
ASTM D 698 & 1557 

PROJECT TITLE Rocky Flats/Pidd & Lab Testing/CO TEST TYPE I D 6!18 D4718 I 
PROJECT NUMBER 043-2246.0001 PROCEDURE METHOD A I 
SAMPLE IDENTITY PF-7 · I - I -
SAMPLE TYPE BULK I 

TYPE COMPACTOR PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 

MOLD NUMBER AH-1 I Mechanical I I Wet Method I 
MOLD WEIGHT (gm) 2265.8 METHODB: > 20% RETAINED ON #4 AND 

MOLD DIAMETER (in) 3.!191 TYPE PROCTOR 20,-o OR LESS RETAINED ON 3/8" 

MOLD HEIGHT (in) 4.581 I 518-rd I 
MOLD VOLUME (cu.ft) 0.0332 METHODC: > 20,-. RETAINED ON 318" AND 

5.5 -lbf. RAMMER WITH 12 INCH DROP < 30,-. RETAINED ON 3/4" 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

Wet~ Tare & Soil (WI) 504.07 688.89 TOTAL WEIGHT, WET (COARSE & FINE) 24507.30 

Dry Tare & Soil (W2) 492.88 619.14 TOTAL WEIGHT, DRY (COARSE & FINE) 21592.90 

WtTa (W3) 0.00 102.36 WEIGHT RETAINED ON # 4 SIEVE (WET) 3334.60 

' Wt Moisture (W4=Wl-W2) 11.19 69.75 WEIGHT RETAINED ON 3/8" SIEVE (WET) 

Wt Dry Soil (WS=W2-W3) 492.88 516.78 WEIGHT RETAINED ON 3/4" SIEVE (WET) 

Water Content (dec) (wc=W41WS) 0.0227 0.1350 PERCENT RETAINED ON # 4 SIEVE (DRY) 15.10% 

Water Content(%) (W41W5)*100 2.3% 13.5% PERCENT RETAINED ON 3/8" SIEVE (DRY) 0.000/o 

PERCENT RETAINED ON 3/4" SIEVE (DRY) 0.000/o 

POJNT RESULTS (FINE) I I I 2 I 3 I 4 I 5 I 6 I 7 I 
Wt. Soil & Mold (WI) 4169.7 4256.5 4307.6 4280.3 4235.0 

Weight of Mold (W2) 2265.80 2265.80 2265.80 2265.80 2265.80 

Wt. Of Wet Soil (W3=W1-W2) 1903.90 1990.70 2041.80 2014.50 1969.20 

Wet DensitY, wd (pc:f) (W3/453.6*Vm) 126.56 132.33 135.73 133.91 130.90 

WATER CONTENTS 
WtTare & Soil (W4) 448.82 530.22 572.48 449.13 519.70 

WtTare& Soil (W5) 418.71 488.84 520.15 407.59 463.88 

WtTare (W6) 100.42 103.49 102.37 102.96 102.26 

WtMoisture (W7=W4-W5) 30.11 41.38 52.33 41.54 55.82 

WtDrySoil (W8=W5-W6) 318.29 385.35 417.78 304.63 361.62 

Water Content(%) (W71W8)*1oo 1 9.5% 10.7% I 12.5% 13.6% 15.4% l 
Dry Density (pcf) (wd/(1 +we)) I 115.6 119.5 I 120.6 I 117.8 I 113.4 I l 

MAXIMUM DRY DENSITY (pc:f) JZ1.1 DESCRIPTION Yellowish brown (I 0 YR 5/8) clayey sand 
OPTIMUM MOISTURE CONTENT(%) 12.0 

Corrected Maximum Dry Density (pcf) 125.1 

Corrected Optimum Moisture(%) 10.3 uses sc I 

Specific Gravity And Absorption of Coarse Aggregate- ASTM C 127-88 

Weight of Oven Dry Sample (gm) A 504.07 LL 35 

Weight of Saturated-Surface-Dry (gm) B 506.40 PL 18 

Weight of Saturated Sample in Water (gm) c 301.90 PI 17 

Absorption of Oversize Particles(%) ((B-A)IA)*100 0.46 MC 135 

Bulk Specific Gravity A/(8-C) I 2.465 I I I 
TECH JR 

AVERAGE ABSORPTION (assumed) I 0.5. I DATE 7-20-04 

AVERAGE BULK SPECIFIC GRAVITY (assumed) 2.46 REVIEW MB 

Golder Associates 
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MOISTURE I DRY DENSITY CURVE 
D 698 METHOD A 

~"' 
ZEROAJR VOIDSCURVJ s 

""'""'" 
/ Gs=2.80 

Gs=2.70 

""'" '""'// 
Gs=2.60 

"'-."6< 
~~ " ~ ' ~ ~~ ~~~ i'-. 

~ ~ 
~ 

......... 

' 

I 
i , 

~ 

~ 
~ ~ 

95 

90 

85 

80 

75 
0% 5% 10% 15% 20% 25% 

MOISTURE CONTENT% 

MAXIMUM DRY DENSITY (pcf) 12 I .I Corrected Maxinwm Dry Density (pet) 

OPTIMUM MOISTURE(% I 2.0 Corrected Optimwn Moisture(%) 

. SAMPLE TYPE BULK 
SAMPLE IDI PF-7 

SAMPLE DEPTH~:::::::~~~=~:::::::~ 

DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand 

uses sc 1 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

~ 

30% 35% 

125.1 
10.3 

LL 35 
PL 18 
PI 17 

MC 13.5 



AS RECEIVED WATER CONI"ENT 

Tare No. 

WI, Wet Soil AT- (Bm) 

WLDrySoiiATare(Bm) 

W1.ofTue(Sm) 

WI, of Water (Sm) 

WeiJitl of Dry Soil (Bm) 

Moislw<Cutt""(%) 

\6~8:89t 
Xil~H4t 

:"10236} 
69.75 

516.78 
13.5 

FOR SIEVE SAMPLE 

::'1i.a!l+.s6N+ 
;~?;7.0:96.1?i; 
:~\1i1.24':84iK2 

1.3 

WeiJ:bl of Sample U..,. For Sine Aoalysb Corre<tod lor Hydroscoplr Moislllrr 

+ T.,. (Sm) C'·24.S07:30i'• (bef<n sq>aratins oo lbe 114 sieve) 

114 MATERIAL SIEVE 

TareWeigbl 

0.00 I 

BACK SIEVE 

TaroWeiJitl 

o.oo I 

24192.57 

12.0" 

6.0" 

3.0" 

2.5" 

2.0" 

1.5" 

1.0" 

0.7$'" 

0.37S" 

#4 

0 #I 

#20 

#40 

#60 

#100 

#200 

(WI.+Taro) 

, -:O;t)O';) 

' 0.00> 
;<0,1}9i;S: 
,.-.0,09-i? 
.. {1:00;:-::< 
·:0.00/?-
.-·. 0.00< 
·• o.oo;: 
21730< 
3117~80• 

:-4.68.·•· 
12;94'' 

·2L53:· 
··2729. 
•' 3.1~56 

135A8·: 

% 

RETAINED PASSING 

0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.90 99.1 
12.89 87.1 

4.7 9.58 
12.9 26.49 
21.5 44.07 
27.3 55.86 
31.6 64.60 
35.5 72.62 

%PASSING 

78.8 
64.0 
48.7 
38.5 
30.8 
23.8 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

uses 

SpecifiC Gravity (lesrod) 

Amotm!Dilpasin&Agall(ml) 12S.OO 

Type Dispenioo Device Mccllanical 

Length ofDispenion Period I Minute 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

WI. of Sample Wet or Dry (Bm) I::\ 49A9.d 

DATE TIME READING TEMP 

.:7iW2oo¥ .. '-~:3.sR>• R T-

712212004 9:37 

712212004 9:40 

712212004 9:50 

712212004 IO:OS 

712212004 10:3S 

712212004 13:4S 

712312004 9:3S 

HYD.COR. 

Cc 

650 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 

Golder Associates Inc. 

cobbles 

coarse gravel 

fmegravc:l 

coorseiiODd. 

modiumiiODd 

fDieiiODd 

fmes 

0.00 
0.00 
12.89 
8.34 

30.05 
24.87 
23.85 

12.89 

63.26 



AS RECEIVED WATER CONTENT 

Tore No. 

WI. W"SoiiATIIR{Jm) 

WL DlySoiiAT.,.(Jm) 

WI. of Tare (gm) 

WI. of Wmer (gm) 

Weigbl ofDiySoil (gm) 

Moisllnc-cm(%) 

-'1655.T' 
?67938!: 
Cil!}ZS~% 

86.19 
576.83 

14.9 

FOR SIEVE SAMPLE 

?.JIJ2.Q.£:32l;~:; 

(:f.!,il~3.J36/;:~ 
:}!:i$t9.8Sh 

4.8 

Wei&bl of Sample UMCI For Sine Aaalyob Correelod for Hydroocopk Mololare 

+ Tare (Jill) {225:2&:80::, (before sepanlinJ en lbe #4 sieve) 

Weigbl (Jill) '-Wf' -~ )~----

#4 MATERIAL SIEVE 

Tore Weigbl 

o.oo 1 

21494.25 

(WL+Tore) 

12.0" . . 0.00:: i 

6.0" -''· . 0~00 '· ·:..: 
3.0" :;0 .. ~· 
2-'" :. ·: (),:OIJ r: 
2.0" : "0.00: ' 
1.5" .0.00,:> 
1.o· > o.oo· · 

0.15" ··•.•· •0.()0:_·:·. 
0.375" 584;30:' 

114 379330. 

BACK SIEVE #I 0 4,·]5: ;, 
T ... weigbl #2 0 

o.oo I #4 0 

#100 

#200 

. 11.85• 
"19J5 :-
·.-23.95/ 

27;85.\ 
31.88"· 

% o/o 

RETAINED PASSING 
0.0 100.0 
0.0 100.0 
0.0 1UU.U 
0.0 1UU.U 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
2.7 97.3 
17.6 82.4 

4.2 8.54 
11.9 24.38 
19.2 39.39 
24.0 49.27 
27.9 57.29 
31.9 65.58 

MONTH AND YEAR 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

uses 

HYDROMETER ANALYSIS 

Spec:ifoe Gnvily (ass'd) -~_.\~'}~{2~:7~-c_'c:':':);;"'l::. 
Spec:ifoe Gravily (lesled} 7i}VJ!iJ.W\· 
Amount DilpersiJI8 "''"' (ml) 125.00 

Type Disperoion Device Mcdtanical 

Length of Dispersion Period I Minute 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

WI. of Sample W" or Dly(gm) j:.:s0~95••/l 

DATE TIME READiNG TEMP IIYD.COR. 

1Ji6i200.i· .. ~· io:i6<:' R T Cc 
%PASSING 711612004 10:18 

{ti!,', 
:.~;2()-' :·,-··_6_;o<r:-•: 

711612004 10:21 22.30 6.00 
711612004 10:31 22.10 6.00 
711612004 10:46 22.00 6.00 
711612004 11:16 

~i-.I~:~'iit: 
21.70 6.00 

711612004 14:26 20.80 6.00 

75.3 
62.3 
49.9 
41.8 
35.2 
28.3 7117/2004 10:16 16.8' 21.50 6.00 

Golder Associates Inc. 

modiwDsancl 

fmesancl 

lines 

0.00 
0.00 
17.65 
7.03 

25.41 
21.57 
28.34 

17.65 

54.01 



July-114 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & A TTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: Rocky Flats/Field & Lab Testing/CO 
SAMPLEID: PF-8 Depth (ft): -
TYPE: BULK 

12" 3" 2" I" 3/4" 318" 114 ~10 m 1140 1160 1100 ~00 

100 -...... 

90 

80 
-... 
~ 

'\. 
o/o 70 

'\ 
p 60 
a \ 
5 

50 
5 . . '\ 
! \ 40 

"-. 

' g 
30 

... I'-
r--20 -

10 

0 

1000 100 10 -·. .. I 0.1 0.01 0.001 

Particle size In milllmeten 

COBBLES·! 
I I c~~ I I I I I c- ,.,. Medium Fin< SiJ1orO•l 

ORA VEL SAND FINES 

Panicle Size Panicle Size 

(mm) %Passing Classification Percentage -
12.0" 304.8 100.0 PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 v ... ~ 3.0" 75.0 100.0 / 

..... 
E! / " .&> 2.5" 63.5 100.0 E 50 

"' 2.0" 50.0 100.0 v v :z .., 
1.5" 37.5 100.0 :::- / en .. pn / a !: 

~ 1.0" 25.0 100.0 ·eoarse Gnlvel 0.00 ;.< ·40 ... 
/ 

v ;;; Q 

/ 0.75" 19.0 100.0 i5 

-~ 0.375" 9.5 97.3 § 30 

"' #4 4.8 82.4 Fiue Gnlvel 17.65 /. v ] $ MHG OH .., 1110 2.00 75.3 Coarse Sand 7.03 
3 ..l 20 

1120 0.85 62.3 .. I 
CL .. y "' v.i 1140 0.43 4!1.9 MediwnSand 25.41 / ::i 10 1160 0.25 41.8 / VML .. L 

11100 0.15 35.2 .L CL.M / . ....._ 11200 0.075 28.3 Fine Sand 21.57 0 . 
(am) %FiDer 0 10 20 30 40 50 60 70 80 90 100 110 

r-
0.034 27.3 LIQUID LIMIT (LL) 

.!!! 

~ 0.022 23.1 
c 0.013 22.2 Fmes ATIERBERG LIMITS. < 
!i 0.0091 21.0 Silt or Clay 28.34 M, LL PL PI SpC 

" I I I I I I E 0.0065 20.1. 14.9 41 1!1 22 -e ., 
0.0032 1!1.7 >. :c 
0.0013 18.0 -

DESCRIPTION: Yellowish brown (I 0 YR 5/8) clayey sand with TECH JR 

gravel DATE 711512004 

uses: sc REVIEW NG 

Golder Associates Inc. 



. 
MOISTURE DENSITY CURVES 

ASTM D 698 & 1557 

PROJECT TJTI..E Rocky Flats/Field & Lab TestiDg/CO TEST TYPE I D 698 D4718 I 
PROJECT NUMBER 043-:ZZ46.0001 PROCEDURE METHOD B I 
SAMPLE IDENTITY PF-8 . I . 
SAMPLE TYPE BULK 

TYPE COMPACTOR PREPARATION METHOD A: 20,-o OR LESS RETAINED ON #4 

MOLD NUMBER 217 I Mechanical I I Wt:!Method I 
MOLD WEIGHT (gm) 2271.5 METHODB: > 20,-o RETAINED ON #4 AND 

MOLD DIAMETER (in) 4.000 TYPE PROCTOR 20% OR LESS RET AJNED ON 318" 

MOLD HEIGHT (in) 4.575 I Staadard I 
MOLD VOLUME (cu.ft) 0.0333 METHODe: > 20,-o RET AlNED ON 318" AND 

5.5 -lbf. RAMMER WITH 12 INCH DROP < 30,-o RETAINED ON 3/4" 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE I 

Wet Wt Tare & Soil (WI) 504.07 201.32 TOTAL WEIGHT, WET (COARSE & FINE) 22528.80 I 

Dry Wt Tare & Soil (W2) 492.88 193.36 TOTAL WEIGHT, DRY (COARSE & FINE.) 21494.25/ 

WtTare (W3) 0.00 27.98 WEIGHT RETAINED ON # 4 SIEVE (WET) 3793.30' 

WtMoisture (W4=Wl·W2) 11.19 7.96 WEIGHT RETAINED ON 3/8" SIEVE (WET) 584.30 

WtDry Soil. (WS=W2-W3) 492.88 165.38 WEIGHT RETAINED ON 3/4" SIEVE (WET) 

Water Content (dec) (wr-W4/WS) 0.0227 0.0481 PERCENT RETAINED ON # 4 SIEVE (DRY) 17.26% 

Water Content(%) (W4/W5)*JOO 2.3% 4.8% PERCENT RETAINED ON 3/8" SIEVE (DRY) 2.66% 

PERCENT RETAINED ON 3/4" SIEVE (DRY) 0.00% 

POINT RESULTS (FINE) I I I 2 I 3 I 4 I 5 I 6 'I 7 I 
Wt. Soil & Mold (WI) 4025.7 4181.1 4248.1 4254.7 4237.2 

Weight of Mold (W2) 2271.50 2271.50 2271.50 2271.50 2271.50 

Wt. Of Wet Soil (W3=Wl-W2) 1754.20 1909.60 1976.60 1983.20 1965.70 

Wet Density, wd (pc0 (W3/453.6*Vm) 116.24 126.54 130.98 131.41 130.25 

WATER CONTENTS 
Wt Tare & Soil (W4) 705.92 707.97 637.96 628.56 640.23 

Wt Tare & Soil (W5) 656.51 650.42 580.68 564.04 569.73 

WtTare (W6) 102.19 101.58 101.86 100.81 103.29 

WtMoisture (W7=W4-W5) 49.41 57.55 57.28 64.52 70.50 

WtDrySoil (W8=W5-W6) 554.32 548.84 478.82 463.23 466.44 

Water Content(%) (W7tw8)*too I 8.9% I 10.5% I 12.0% I 13.9% I 15.1% I I I 
Dry Density (pcO (wdl(l+wc)) I 106.7 I 114.5 I 117.0 I 115.3 T 113.2 T I I 

MAXIMUM DRY DENSITY (pcO 117.2 DESCRIPTION Yellowish brown (I 0 YR 5/8) clayey sand with 
OPTIMUM MOISTURE CONTENT(%) 12.2 gravel 
Corrected Maximum Dry Density (pc0 117.9 

Corrected Optimum Moisture(%) 11.9 uses sc I 

Specific Gravity And Absorption of Coarse Aggregate· ASTM C 127-88 

Weight of Oven Dry Sample (gm) A 504.07 LL 41 

Weight of Saturated-Surface-Dry (gm) B 506.40 PL 19 

Weight of Saturated Sample in Water (gm) c 301.90 PI 22 

Absorption of Oversize Particles(%) ((B-A)/A)*JOO 0.46 MC 14.9,-o 

Bulk Specific Gravity A/(B-C) I 2.465 I I I 
TECH DT 

AVERAGE ABSORPTION I 0.5 I DATE' 7116104 

AVERAGE BULK SPECIFIC GRAVITY 2.46 REVIEW NG 

Golder Associates 
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ATTERBERG LIMITS 

AS RECEIVED WATER CONJ'ENJ' 

Tare No. 

WL w .. Soil A Tue (Jm) 

WI. Illy Soil A Tue (Jm) 

W1. orrue (11m) 

Wl.ofWOI .. {pl) 

WeisJII of Illy Soil {BPI) 

Moislun: Conlml (".4) 

765.57 
679.38 
102.55 
86.19 
576.83 
14.!14 

PRWECf NAME 

PROIECf NUMBER: 

SAMPLEID: 

TYPE 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 
PF-8 
BULK 

4 OR 3 POINT A TTERBERG 

PLASTIC LIMIT DETERMINATION 

jNumbcr of Blows 
Weight ofWet Soil & S':'2iS:90W, ~i·i:2<t78(; 
Weight ofDry Soil & T Yi418S}5 '(23~05'!:'! 
Weight ofTare (gm) 'J)t~moj; >.;}13:8~:;), 

Weight ofWater (gm) 2.05 1.73 
Weight ofDry Soil (SID I 1.12 9.22 

Water Content% 18.44 18.76 

BLOWS MC 
35 37.90 
30. 40.10 
21 42.18 
o o.oo· 

PLASTIC LIMIT (PL) 

I 19 I 
PLASTICITY INDEX (PI) 

3.56 
3.40 
3.04 

#NUM! 

1. 22 I 

25 
0.00 

-2 

PLASTIC LIMITS 

0.00 0.00 
0.00 0.00 

IIDIV/0! IIDIV/0! 

PLASTIC LIMIT (PL) 

I I 
PLASTICITY INDEX (PI) 

I I 

PLASTIC LIMJTS 

0.00 0.00 
0.00 0.00 

IIDIV/0! IIDIV/0! 

PLASTIC LIMIT (PL) 

I NP I 
PLASTICITY INDEX (PI) 

I NP I 

• 1nm n IMI iT tM TIOI"i 

:·.··. 

3.43 3.08 3.29 
9.05 7.68 7.80 
37.90 40.10 42.18 

LIQUID LIMIT (LL) 

I 41 I 

13 POINTSI 
25.00 25.00 10.00 3-POINTS 

37.90 42.18 40.97 40.97 :~)U:Jl'?H 
-2L-.::;44:!;•;::,:00:..,__;4~0.:.::.9..:..7 __ -f::"-4\'~61~9:;i;'g) 

;/;'''22?:(<:· 

LIQUID LIMITS 
. . ' ' . . ..... ·. ; '· '· ·~·~: \~: 

BLOWS : 

0.00 0.00 KVALUE : 

0.00 0.00 
IIDIV/0! IIDJV/0! 

LIQUID LIMIT (LL) 

I I 

LIQUID LIMITS 
~:~s?-~:~~~!£~%:t. ~~~itl~~~:~:~t 
;~~:E:;:.t~~~x·.~::;; }t%;.;;:~-~'?t 

;GiY~:~~:·~~~:~~Mi~ ~7A:i~:?:~Yi:~E 
A~~~{t:wH;(h:' tf!~~~~~k~:~~:~. 

0.00 0.00 
0.00 0.00 

IIDIV/0! IIDIV/0! 

TRIAL I 

0 

#IN/A 

LIQUID LIMIT (LL) 

I NP I 

Golder Associates Inc. 

TRIAL2 

0 

#N/A 



A ITERBERG LIMITS 

AS RECEIVED WATER CONTENT 

Tare No. 

WI. Wd Soil cl T""' (gm) 836.00 
Wt.DiySoilclTore(gm) 747.14 
Wt.ofT...,(gm) 101.30 
WLofWater(BJII) 88.86 
WeiptofDiySoU(gm) 645.84 
MoistureCmlOIIt(%) 13.26 

PROJECr NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

Rocky Flats/Field & Lab TestingfCO 
043-2246.0001 
PF-9 
BULK 

4 OR 3 POINT A TIERBERG 

PLASTIC LIMIT DETERMINATION 

Number of Blows· 
Weight of Wet Soil&. T i;:;'2ti4ti'il' ,~:~<23A0!0•; 
Weight ofDry Soil&. T 1':2]'!t3~f' '1\22'21} 
Weight ofTare (gm) i/~J4~i6Ji: ;~'d}ll86/<. 
Weight ofWater(gm) 1.27 1.13 
Weight of Dry Soil (gm 6.87 6.41 

Water Content% 18.49 17.63 

BLOWS MC 
35 36.08 
24 38.53 
17 39.86 
0 0.00 

umber of Blows 
.;pt .tWa Soil A Tft(Jm) 

a ... oCJ:)oySoiiAT .. (pn) .' 

Weight ofTare (gm) 

PLASTIC LIMIT (PL) 

I 1s I 

PLASTICITY INDEX (PI) 

3.56 
3.18 
2.83 

1. 20 I 

25 
0.00 

-2 
#NUM! 

PLASTIC LIMITS 

0.00 0.00 
0.00 0.00 

#DIV/0! #DIV/0! 

PLASTIC LIMIT (PL) 

I I 
PLASTICITY INDEX (PI) 

I I 

PLASTIC LIMIT (PL) 

I NP I 
PLASTICITY INDEX (PI) 

I NP I 

LIQUID LIMIT DETERMINATIOJ\ 
%-\Y3S:~''W ;;t;:;;i2i1H;;: ~f7Yftii%~~,:: 
t~24:i3Q/fi ~~''ii(${' §\2$:9.(;~~:' 
l''2l~4fi'; i?'222Z'0: ;}':~3:()9).?;i 
/J;t89:r;; Y?ts;slj;~ Y rs:sc;!r' 

2.76 2.47 2.87 
7.65 6.41 7.20 

36.08 38.53 39.86 

LIQUID LIMIT (LL) 

I 38 I 

13 POINTSI 

I , 
I 
I 

I 

25.00 25.00 10.00 3-POINTS 

LIQUID LIMITS 

IIDJV/0! IIDIV/0! 

. 36.08 39.86 38.00 38.00 :::·::38:::·:·;: 

-2L-...:.4.:;.;0·.:;.;00~....;3;.:;8~.00:.::,_ __ _,.~:·:.'+.~.1~8~?~·:: 
::::·.,:·:2o·,:.,:.:.:· 

TRIAL I TRIAL2 

BLOWS : 0 0 

: #IN/A liN/A 

LIQUID LIMIT (LL) 

I I 

NON-PLASTIC 

LIQUID LIMIT (LL) 

I NP I 

Golder Associates Inc. 



AS RECEIVED WATER CONTENT 

Tardio. 

Wt. Wd Soil A Tare (Bm) 

Wt. Dry Soil A Tue(Bm) 

wi. ofTarc(p) 

Wt.ofWatef(SJII) 

Weigbl of Dry Soil (Bm) 

MoisnRCcmmt(%). 

i.836i00; 
~747~14::' 
::;10130; 

88.86 
645.84 

13.8 

lmroR:OSl:OP•IC MOISTURE FOR SIEVE SAMPLE 

:;\1:08{14:'::'::: 
~:xuma()\'' 
:rt;'2l,SO>:.:: 

1.2 

h--•·""'-'•••• of Sample Ustd For Sit,. Aaolysb CotTt<ltdlor Hyd .......... Mobhtn 

+T.,.(Bml >24033.:23'·' (beforo...,....inJoalheiUsieve) 

Weight (Bm) ·:;./:.:,.~f.<)''.:'<.;' 

Wei"'\(SJD) 23743.74 
% 

MOI'ITH AND YEAR 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEID: 

TYPE 

uses 

111(l)ROMETER ANALYSI.;:.S __ __, 

::/'2).(':·: SpteifJC Gravity (ass'd) 

SpecifiC Gravity (testod) 

\ (Wt.+Tue) RETAINED PASSING 
12.o·r: ... ;;:o;..;,;oo:,::;.::!..'t·.,..::::.:..:o:::..o=,,.:...:..;:1;:00;,::.o,;:::., 

114 MATERIAL SIEVE 

Tare Weigbl 

Amount Dispersina Aaeu• lmll ~.:.:12.5::;·::::oo:........j 
Type Dispenioa Device Mocbanical 

6.o· '·· o~oo,::: o.o . 100.0 
o.oo 1 3.0" ;):Q,Q<l;:..;< 0.0 100.0 

2.5" \.f.O.Q<ls: o.o 1oo.o 
2.o- ': .. ·.o.oo:.; o.o 100.0 
1.5" ·...- o.oo·: :· o.o 100.0 
1.0" ·; o:oo > 0.0 100.0 

o.w i::·.o.OO:i o.o 100.0 
0.375' ·::.232:20:' 0.98 99.0 

#4 .. 3050.30. 12.85 87.2 

BACK SIEVE #10 :,,.5;45::: .. :. 5.5 10.77 
ToreWeigbt #20 

o.oo I ... o 
#60 

#100 

#200 

····12:87;:. 
:.21'.40. 

..'.''·27:43':" 
:; .31 ;SJ.:. 
,a6;J4:; 

12.9 25.43 
21.4 42.28 
27.4 54.20 
31.9 62.97 
36.1 71.40 

l.alglh of I>ispenioa Period I Minute 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

WLofSampleWdOfl>ty(Bm) 1·:'·5L23A 

DATE TIME READING TEMP HYD. COR. 

}ilil2iJO..i: L,:9:f8:. : R T Cc: 

175: ' .. '22;70';:· >.6:~0·i:· 

r,f~I< ~:;~ ::~~ 
%PASSING 7f22n004 9:20 

7f22n004 9:23 

7f22n004 9:33 

77.8 
65.0 
50.3 7f22n004 9:48 16.0 22.60 6.50 

~,,, IS:s .. , 23 .I o 6.5o 
, IsS< 21.60 6.50 

7f22n004 10:18 

7f22n004 13:28 

39.9 
32.3 
24.9 7f23f2004 9:18 .::'14:}/): 20.50 6.50 

Golder Associates Inc. 

cobbles 

couseptavd 

fmeptavd -modiumoand 

fateoand 

rmc:s 

0.00 
0.00 
12.85 12.85 
9.38 

27.47 
25;38 62.23 
24.92 



July~ 043-ZZ46.0001 

PARTICLE SIZE DISTRIBUTION & AITERBERG LIMITS 
ASTM D4Zl, D4ZZ, D4318 

PROJECT NAME: Rocky Flats/Field & Lab Testing/CO 

SAMPLEID: PF-9 Depth (ft): -
TYPE: BULK 

12" 3" 2" I" 314" 318" 114 flO 120 ll4o 1160 1100 1200 
100 

90 

~---~ 
80 

e,lo 70 "' p 60 
a 1\ I 
5 so 1\ I 
5 \ I 
I \. I 
D 40 

"" g 

"' 30 

20 
t-- - -10 

0 
1000 100 10 -~.~~ I 0.1 0.01 0.001 

Particle size in millimeters 

I ~c~ I I I rossLES I C.One FiDe . Medium Fino I Sil1or02 · I GRAVEL SAND FINES 

Pattic:le Size Panicle Size 

(mm) %Passing Classification Percentage 
~ 

12.0" 304.8 100.0 
PLASTICITY CHART 

6.0" 154.2 100.0 Cobbles 0.00 60 
Vwo. 

3.0" 75.0 100.0 / 
...... 

~ / .. 
.&> 2.5" 63.5 100.0 E 50 :s 

2.0" 50.0 100.0 / / z 
"0 

1.5" 37.5 100.0 ~ / CH« PH/ a .. 1.0" 25.0 100.0 Coarse Gravel 0.00 :>< <40 v :! lo1 
;;;; Q / / 0.75" 19.0 100.0 iS :l 
> 0.375" 9.5 !19.0 > 30 .!! !:: 

l! v til #4 4.8 87.2 FmeGravel 12.85 1..1 
] 

77.8 !1.38 3 NHa OH 
"0 1110 2.00 Coarse Sand 
.§ 20 v v 1120 0.85 65.0 ... a. .. 
til 

v.i #40 0.43 50.3 Medimu Sand 27.47 / ::i 10 1160 0.25 39.9 / vNL .. :x. 
11100 0.15 32.3 L_ O.o_>! ./ . 

....__ 11200 0.075 24.!1 FmeSand 25.38 0 . 
(IIIII>) %F"- 0 10 20 30 40 . 50 60 70 80 90 100 110 

~ UQUID LIMIT (LL) 0.035 18.8 
·~ 0.023 16.6 ~ c 0.013 16.6 Fmes ATTERBERG LIMITS < 
l! 0.0092 16.2 Silt ar Clay 24.92 M. u. PL PI SpC .. 

I I I I I I E 0.0064 15.3 13.8 38 18 20 e 
"0 0.0033 14.9 ,., 
:c 

0.0014 13.0 \ 

-
DESCRIPTION: Yellowish brown (10 YR 5/8) clayey sand TECH JR 

DATE 7/1912004 

uses: sc REVIEW MB 

Golder Associates Inc. 
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145 

140 

135 

130 

125 

e 120 
u 
Q. 

.._. 115 
~ 

\ ~ 110 

. > 105 
cz:: 
~ 100 

95 

MOISTURE I DRY DENSITY CURVE 
D 698 METHOD B 

"~~ 
ZERO AIR VOIDSCURVJ s 

""'"' ~ / Gs=2.80 

' Gs=2.70 

~ ~V/ ~5=2.60 

~~ 
~~ ~ 

~"""" ~"" , 
""""" ~~~ j ' I ""' ~ ~ 

.......... 
~ 

~ 
~ ~ 
~ 

90 

85 

80 

75 

00/o 5% 10% 15% 20% 25% 

MOISTURE CONTENT% 

MAXIMUM DRY DENSITY (pcf) 117.2 Corrected Maximum Dry Density (pel) 

OPTIMUM MOISTURE (%) I 2.2 Corrected Optimwn Moisture(%) 

SAMPLE IDI PF-8 
SAMPLETYPE~------~B~UL~K~------~ 

SAMPLE DEPTH~------------------~ 

DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand with gravel 

uses sc I 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

30% 35% 

117.9 
I 1.9 

LL 41 
PLt--~19:---t 

PI ....__2;;;;2;._~ 
MC 14.9% 



145 

140 

135 

130 

125 

C' 120 
u c. 
'-" 115 
~ -rn 110 
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c:l 100 
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MOISTURE I DRYDENSITY CURVE 
D 698 METHOD A 

""'"' 
ZERO AIR VOIDSCURV1 s 

""""" 
/ ~5=2.80 

Gs=2.70 

~ "v~ 
Gs=2.60 

""'0<. 
A~ ' ../ 

v ~ ~~ 
~~ '-... 

"" ~ ~ 
......... 

I 
I 
I 

! 

t:'..... 
~ 
~ ~ 

.... 

~ 
. 90 

85 

80 

75 

0% 5% 10% 15% 20% 25% 

MOISTURE CONTENT % 

MAXIMUM DRY DENSITY (pcf) I 21.6 Corrected Maximum Dry Density (pet) 

OPTIMUM MOISTURE(%) I 2.0 Corrected Optimum Moisture(%) 

SAMPLE TYPE BULK 
SAMPLE IDI PF-9 

SAMWLEDEPTH~=======~~:~=======~ 

DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand 

uses sc 1 

. Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

30% 35% 

125.1 
10.4 

LLI-_3~8~-1 
PL 18 
Plt-~20:---t 

MC 13.8% 



\ 

A TIERBERG LIMITS 

AS RECEIVED WATER CONJ"ENI' 

T810No. 

WI. Wei Soil& Tue (SID) 731.59 
WL Dly Soil& Tare (SID) 650.49 
WLofTon(SID) 102.96 
WL orw .... (SID) 81.10 
Wcisbl ofDI)I Soil (SID) 54 7.53 
MoislureCoa<CIII("-4) 14.81 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEJD: 

TYPE 

Roeky Flats/Field & Lab Testing/CO 
043-2246.0001 
PF-10 
BULK 

4 OR 3 POINT A TTERBERG 

PLASTIC LIMIT DETERMINATION 

Number of Blows 
Weight ofWet Soil & T S'iOiti;} 1\'>21'.4;>:( 
Weight ofDty Soil & T /~J9:68:?i .::;;:to:J7:::'· 
Weight ofTare (gm) ~}:J:{78'}': ;~;•.14.22\' 

Weight ofWater(gm) 1.04 1.10 

WeightofDtySoil(gm 5.90 6.15 

Water Content 'Yo 

BLOWS MC 
32 41.07 
23 44.28 
16 45.90 
0 0.00 

of Blows 

17.63 17.89 

PLASTIC LIMIT (PL) 

I 18 I 
PLASTICITY INDEX (PI) 

3.47 
3.14 
2.77 

#NUM! 

I_ 25 I 

25 
0.00 

-2 

PLASTIC UMITS 

of Water (gm) _t--:0-:.00~-+-~0~.00~-1 
ofDty Soil (gml-::::0-::.00-:'::-:-t-::::o::.oo:-::::-t 

#DIV/0! #DIV/0! 

PLASTIC UMJT (PL) 

I I 
PLASTICITY INDEX (PI) 

I I 

Number of Blows PLASTIC UMITS 
WdJbl oiWc1 Sail 4 T.n (p) ;:~~~:.§~(~)!:~~j~~i~ ~I~?:;;~:~~.fJ!.:~~. 
W...,. ofllwy Soil AT.,. (PI) ,;z.,:>•;,;::\~;)!;3~ :tj;i~{c):~~i:';:'Ji 

Weight ofT are (gm) if.{;;ii,i;~~l(f3t? 

Weight of Water (gm) 1---:0-:.00~-+-~0~.00~-1 
Weight ofDty Soil (gml-::::0-::.00-:'::-:-t-::::0::.00:-::=:-t 
Water Content 'Yo #DIV/0! #DIV/0! 

PLASTIC UMIT (PL) 

I NP I 
PLASTICITY INDEX (PI) 

I NP I 

LJQUID LIMIT DETERMINATJOI'i 
:/i32;;;;: '~i£'23/,;::: i{i'J~:;,;;,c; 
•'/'2531"'! \'/:2·4:69;;; ''~'23:~s>: 
L22:oo,<· }/2103'6'•::: /21l!S?,;;o; 
':•:13~94:\'· '"'.J3:84'? i>":'t3:'86'::' 

3.31 3.33 3.08 
8.06 7.52 6.71 

41.07 44.28 45.90 

LIQUID LIMIT (LL) 

I 43 I 

13 POINTSI 

25.00 25.00 10.00 3-POINTS 

41.07 45.90 43.10 43.10 •.'?43':;_.; 
-2L-..:.46;::.;·.::.;00::...__4.:..:3~.1:.:0:..,_ __ 1":.+;;::re~'1~,8·~..';:/~·-': 

:(;:':25'/'> 

LIQUID LIMITS 

:·.· · . · .. , .... :.:·.:· .•. , BLOWS : 

t--=0'-:.00-::---t--0~.00~-1 K VALliE: 
0.00 0.00 

#DIV/0! #DIV/0! 

LIQUID LIMIT (LL) 

I I 

NON-PLASTIC 

LIQUID LIMITS 
''?i~~,ii~?!i!f'; r:iiJt:::t};~~r; 

0.00 0.00 
0.00 0.00 

#DIV/0! #DIV/0! 

:.·r· 

TRIAL I 

0 

#N/A 

UQUID LIMIT (LL) 

I NP I 

Golder Associates Inc. 

TRIAL2 

0 

#N/A 



,. a 

AS RECEIVED WATER CONTENT 

Tare No. 

WI. We< Soil It Tue (gm) 

Wt. Dly Soil It TIR (gm) 

Wt. ofTare (gm) 

Wo. ofWarer (gm) 

weigbl orDoy Soa (gm) 

Moisture Coalml r~l 

<(7.3h59~ 
;6S(t4~t' 
1'102:96''0 

81.10 
547.53 

14.8 

)H1rDJI:OS4::0F'IC MOJSTURE.,F~O~R~SI~E~VE~SAMPLE 
Soil It TlllO(gm} ~ · .· 

.rLN 

#4 MATERIAL SIEVE 

TareWciglrt 

o.OQ I 

BACK SIEVE 

TIRWcigbt 

O.OQ I 

!.E 

(Wt.+T""') 

12.o· '· . _o;o<F·:'' 
6.0" :: • O;OO:·: 
3.0" ::; Q.OQ:i;: 
2.5" 'i' .. O,Q()p; 
2.0" ,:::::.o.ooc:.:.: 
1.5" ~:,o;oo:;; 

1.0" :.; o:oo.::.: 
0.75" :• .o.oo.:: .; 

0.375" <421.30: 
#4 3468;50 

0 ::5.26 
0. 

#I 

#2 

#4 

1160 

#I()() 

12.53• 
0 19:47: 

:,24,20'· 
-··. 28.07::' 

#2()() --3L9J:·· 

% o/o 

RETAJNED PASSING 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
2.1 97.9 
17.3 82.7 

5.3 10.79 
12.5 25.70 
19.5 39.94 
24.2 49.64 
28.1 57.58 
31.9 65.50 

%PASSING 

73.7 
61.4 
49.6 
41.6 
35.1 
28.5 

MONTH AND YEAR 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLEJD: 

ITPE 

HYDROMETER ANALYSI.,;:S __ __, 

SpecifiC Gravily(ass'd) 

SpecifiC Gll"ity (tested) 

:•.:;·tf'•\i 

Amount OiopetSiog Ageot (ml) 125.()() 

Type Dispersion Device Mecbanical 

Length of Dispersion Period I Minute 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

Wt. of Sample Wet or Dly (gm) I :.:so:I2: :I 

DATE 

112212004 

712212004 

712212004 

712212004 

712212004 

712212004 

712212004 

712312004 

TIME 

9:2i 
9:24 

9:27 

9:37 

9:52 

10:22 

13:32 

9:22 

READING TEMP HYD. COR. 

R T Cc 

, 2LJ< -n,8o"~' '··.6.so-:: 
-•· io:J:.·: 22.8o 6.5o 
19.~> 22.80 6.50 

. 18;5:- 22.80 6.50 
. 17.8 ; 23.10 6.50 
: l7i:f< 21.60 6.50 
, 16.s> 2o.60 6.5o 

Golder Associates Inc. 

TEST BY 

DATE SETUP 

REVIEW BY 

I 

modiumllalld 

fme.....t 

ftneS 

0.00 
0.00 
17.34 17.34 
8.92 

24.10 
21.13 54.15 
28.52 



MOIST JRJ£ DENSITY CURVES 
ASTM D 698 & 1557 

PROJECT TilLE Rocky FlaiJIFleld & Lab Testing/CO TEST TYPE I D 698 D4718 I 
PROJECT NUMBER 043-2246.0001 PROCEDURE METHOD A I 
SAMPLE IDENTITY PF-9 · - I -
SAMPLE TYPE BULK 

TYPE COMPACTOR PREPARATION METHOD A: 20,. OR LESS RETAINED ON 114 

MOLD NUMBER AH-1 I Mechanical I I Wet Method I 
MOLD WEIGHT (gm) 2265.8 METHODB: > 20,. RETAINED ON 114 AND 

MOLD DIAMETER (In) 3.991 TYPE PROCTOR 20"• OR LESS RETAINED ON 3/8" 

MOLD HEIGHT (in) 4.581 I Sindoni I 
MOLD VOLUME (cu.rt) 0.0332 METHODC: > 20,. RETAINED ON 3/8" AND 

5.5 -lbf. RAMMER WITH 12 INCH DROP < 30"• RETAINED ON 3/4" 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

Wet Wt Tare & SoU CW1) 504.07 108.14 TOTAL WEIGHT, WET (COARSE & FINE) 24033.23 

Dry iTare & Soil (W2) 492.88 107.10 TOTALWEIGHT, DRY (COARSE & FINE) 23743.74 

WtTa (W3) 0.00 21.80 WEIGHT RETAINED ON 114 SIEVE (WET) 3282.23 
! 

Wt Moisture (W4=W1-W2) 11.19 1.04 WEIGHT RETAINED ON 3/8" SIEVE (WET) 

WtDrySoil (WS=W2-W3) 492.88 85.30 WEIGHT RETAINED ON 3/4" SIEVE (WET) 

Water Content (dec) (wr-W4/W5) 0.0227 0.0122 PERCENT RETAINED ON 114 SIEVE (DRY) 13.52% 

Water Content(%) (W4/W5)*100 2.3% 1.2% PERCENT RETAINED ON 3/8" SIEVE (DRY) 0.00% 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 0.00% 

POINT RESULTS (FINE) I 1 I 2 I J I 4 I 5 I 6 I 7 I 
Wt. Soil & Mold (W1) 4151.7 4253.3 431.5.8 4294.8 4260.4 

Weight of Mold (W2) 2265.80 2265.80 2265.80 2265.80 2265.80 

Wt. Of Wet Soil (W3=W1-W2) 1885.90 1987.50 2050.00 2029.00 1994.60 

Wet Density, wd (pd) (W3/453.6*Vm) 125.36 132.12 136.27 134.88 132.59 

WATER CONTENTS 
WtTare& Soil (W4) 469.40 615.07 610.13 490.54 487.21 

WtTare& Soil (WS) 439.34 565.63 555.65 444.01. 437.71 

WtTare (W6) 104.80 102.26 102.55 100.64 100.34 

Wt Moisture (W7=W4-WS) 30.06 49.44 54.48 46.53 49.50 

Wt Dry Soil (W8=W5-W6) 334.54 463.37 453.10 343.37 337.37 

Water Content (0!.) (W7/W8)*100 9.0% 10.7% 12.0% I 13.6% 14.7% I l 
Dry Density (pd) (wd/(1 +we)) 115.0 119.4 121.6 I 118.8 115.6 I I 

MAXIMUM DRY DENSITY (pd) 121.6 DESCRIPTION Yellowish brown (I 0 YR 5/8) clayey sand 
OPTIMUM MOISTURE CONTENT(%) 12.0 

Corrected Maximum Dry Density (pd) 125.1 

Corrected Optimum Moisture(%) 10.4 uses sc 

Specific Gravity And Absorption of Coarse Aggregate- ASTM C JZ7-88 

Weigbt of Oven Dry Sample (gm) A 504.07 LL 38 

Welgbt or Saturated-Surface-Dry (gm) B 506.40 PL 18 

Welgbt or Saturated Sample io Water (gm) c 301.90 PI 20 

Absorption of Oversize Particles (%) ((B-A)/A)*100 0.46 MC 13.8% 

Bulk Specific Gravity Al(B-C) I 2.465 I I I 
TECH JR 

AVERAGE ABSORPTION (assumed) I 0.5 I DATE 7-20-04 

AVERAGE BULK SPECIFIC GRAVITY (assumed) 2.46 REVIEW MB 

Golder Associates 
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MOISTURE DENSITY CURVES 
ASTM D 698 & 1557 

PROJECT TITLE Rocky FlatsiField & Lab Testing/CO TEST TYPE I D 698 04718 I 
PROJECT NUMBER 043-2246.0001 PROCEDURE METHOD A I 
SAMPLE IDENTITY PF-10 I - I -
SAMPLE TYPE BULK I 

TYPE COMPACTOR · PREPARATION METHOD A: io~.; OR LESS RETAINED ON #4 

MOLD NUMBER AH-1 I Mechanical I I Wet Method I 
MOLD WEIGHT (gm) 2265.0 METHODB: > 20~o RETAINED ON #4 AND 

MOLD DIAMETER (In) 3.991 TYPE PROCTOR 20~. OR LESS RETAINED ON 318" 

MOLD HEIGHT (In) 4.581 I Staadard I 
MOLD VOLUME (c:u.ft) 0.0332 METHODC: > 20~. RET AlNED ON 318" AND 

5.5 -Ibf. RAMMER WITH 12 INCH DROP < 30~o RET AlNED ON 3/4" 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

FRACTION SAMPLE I 

Wet Wt Tare & SoU (WI) 504.07 69.25 TOTAL WEIGHT, WET (COARSE & FINE) 20571.30, 

Dry Wt Tare & SoU (W2) 492.88 67.73 TOTAL WEIGHT, DRY (COARSE & FINE) 20007.41f 

WtTare (W3) 0.00 13.80 WEIGHT RETAINED ON # 4 SIEVE (WET) 3889.80 

WtMoisture (W4=WI-W2) 11.19 1.52 WEIGHT RETAINED ON 318" SIEVE (WET) 

WtDrySoU (WS=W2-W3) 492.88 53.93 WEIGHT RETAINED ON 3/4" SIEVE (WET) 

Water Content (dec) (wc=W4/W5) 0.0227 0.0282 PERCENT RETAINED ON # 4 SIEVE (DRY) 19.01% 

Water Content(%) (W4/W5)*JOO 2.3% 2.8% PERCENT RETAINED ON 318" SIEVE (DRY) 0.00% 
PERCENT RETAINED ON 3/4" SJEVE (DRY) 0.00% 

POINT RESULTS (FINE) I I I 2 I 3 I 4 I 5 I 6 ·I 7 I 
Wt. Soil & Mold (WJ) 4039.4 4136.7 4240.6 4243.1 4216.1 

Weight of Mold (W2) 2265.00 2265.00 2265.00 2265.00 2265.00 

Wt. or wet Soil (W3=WJ-W2) 1774.40 1871.70 1975.60 1978.10 1951.10 

Wet Density, wd (pd) (W3/4S3.6*Vm) 117.95 124.42 131.33 131.49 129.70 

WATER CONTENTS 

Wt Tare & Soil (W4) 679.64 620.58 634.98 615.78 671.62 

Wt Tare & Soil (W5) 626.89 566.98 573.43 550.55 592.60 

WtTare (W6) 103.88 100.42 101.25 103.12 102.16 

Wt Moisture (W7=W4-WS) 52.75 53.60 61.55 65.23 79.02 

WtDrySoU (W8=WS-W6) 523.01 466.56 472.18 447.43 490.44 

Water Content(%) (W7/W8)*100 I 10.1% I 1.5% 13.00/o I 14.6% 16.1% I 
Dry Density (pd) (wdl(l+wc)) I 107.1 II 1.6 116.2 I I 14.8 II 1.7 

MAXIMUM DRY DENSITY (pel) ]]6.4 DESCRIPTION Yellowish brown (I 0 YR 5/8) clayey sand with 
OPTIMUM MOISTURE CONTENT(%) 13.5 gravel 
Corrected Maximum Dry Density (pel) 122.1 

Corrected Optimum Moisture (%) JJ.O uses sc I 

Specific: Gravity And Absorption of Coarse Aggregate- ASTM C 127-88 

Weight of Oven Dry Sample (gm) A 504.07 LL 43 

Weight of Saturated-Surface-Dry (gm) B 506.40 PL 18 

Welgbt of Saturated Sample in Water (gm) c 301.90 PI 25 

Absorption of Oversize Particles (%) I(B-A)IAJ*JOO 0.46 MC 14.8 

Bulk Specific Gravity A/(8-q I 2.465 I I I 
TECH DT 

AVERAGE ABSORPTION (assumed) I 0.5 I DATE 7-22-04 

AVERAGE BULK SPECIFIC GRAVITY (assumed) 2.46 REVIEW MB 

Golder Associates 



••. u .. 

\ 

145 

140 

135 

130 

125 

0 
120 

u 
c. 

...... 115 
~ -tl.l 110 
~ 
~ 105 ... 
~· 
~ 100 

95 

MOISTURE I DRY DENSITY CURVE 
D 698 METHOD A 

~"'"' 
ZERO AIR VOIDSCURVJ s 

"""""""" 
/ fJS=2.80 

Gs=2.70 

""' ~""'/ / 
Gs=2.60 

"~ 
~"' " ~ ~"" / ~~ ' v "' ~ ~ 

.......... 
~ 

~ 
~ ~ 90 

85 
·.·~ 

80 

75 

0% 5% 10% 15% 20% 25% 

MOISTURE CONTENT % 

MAXIMUM DRY DENSITY (pcf) I I 6.4 Corrected Maximum Dry Density (pel) 

OPTIMUM M01STIJRE (%) I 3.5 Corrected Optimum Moisture(%) 

SAMPLE IDI PF-10 
SAMPLETYPE~------~B~U~L~K~------~ 

SAMPLEDEPTH~-------------------~ 

DESCRIPTION Yellowish brown (I 0 YR 5/8) clayey sand with gravel 

uses sc I 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 

Golder Associates 

30% 

122.1 
I 1.0 

LLI---_4...;.;3;._~ 
PLI--~18;._~ 
PI 25 
~---~~~ 

MC 14.8 

35% 
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Golder Associates Inc. 

44 Union Boulevard. Suite 300 
Lakewood. CO USA 80228 
Telephone (303) 980-0540 
Fax (303) 985-2080 
www.golder.com 

TRANSMITTAL LETTER 

TO: S.M. ·Stoller Corporation 
990 S. Public Rd., Suite A 
Lafayette, Colorado 80226 

Attention: Steve Brinkman 

SENT VIA: Federal Express (priority) 

1 Set 

DATE: 043-2246 

PROJECT NO.: September 2, 2004 

Consolidation and Triaxial Test Results 

REMARKS: Please fmd one set of consolidation and triaxial test results for the cushion stockpile at 
Rocky Flats. 

Per Mark McClain 

L"\04\2246\010CNI4322ol6.0100.12051.DOC 



July.;o.t 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & ATIERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: Rocky Flats/Field & Lab Testing/CO 
SAMPLEID: PF-10 Depth (ft): -
TYPE: BULK 

12" 3" T I" 3/4" 318" ,.. #10 120 1140 #60 1100 1200 

100 ..... 
90 

80 

I\ )it., 

I'-
r--.. 

o/e 70 

" p 60 
a 1\ 
s so 
s· ~ 

! \ 40 
r--. 

~ g 
30 

r-.. r-r---
20 .... 
10 

0 

1000 100 10 '\;. ~ I 0.1 0.01 0.001 

'Particle size io millimeters 

I I COBBLES I Coone Fino ~c~ I Medium I Fino I Sib or£!2 I GRAVEL SAND FINES 

Panicle Size l'u1icle Size 

(mm) %Passing Classification Percentage -
12.0" 304.8 100.0 PLASTICITY CHART 
6.0" 154.2 100.0 Cobbles 0.00 60 

Vuo~o. 
3.0" 75.0 100.0 / 

..... 
~ / .. 

.&l 2.5" 63.5 100.0 E 50 
/ " 2.0" 50.0 100.0 / z ..., 

1.5" 37.5 100.0 c::: I/ ca .. i:>H/ Iii e:. 
40 

J! 1.0" 25.0 100.0 Coarse Gnlvel 0.00 >< 17 101 
V,) 0.75" 19.0 100.0 ~ I / l'l 
-~ 0.375" 9.5 97.!1 

~ 
30 

V,) 
#4 4.8 82.7 FineGnlvel 17.34 I/ v l • "'"' OH 

#10 2.00 73.7 Coarse Sand 8.!1% 
.§ 20 v v #20 0.85 61.4 .. CL'" 
V,) 

ct.) #40 0.43 4!1.6 Medium Sand 24.10 / :::) 
#60 0.25 41.6 10 

/ 
#100 0.15 35.1 "/ / MLor L 

CL•M . 
.__ #200 O.o75 28.5 FmeSand 21.13 0 . 

(lml) Vmcr 0 10 20 30 40 so 60 70 80 90 100 110 
r- UQUID LIMIT (LL) 

"' 
0.035 24.8 

·;; 
0.022 23.1 ~ c 0.013 21.4 Fmes ATTERBERG LIMITS <· .. 0.0091 20.1 Silt or Clay 28.52 M. LL 8 PL PI SpG .. I I I I I I E 0.0064 18.!1 14.8 43 18 25 e .-g, 0.0032 18.0 

:c 
0.0014 16.8 

I..-

DESCRIPTION: Yellowish browo (10 YR 5/8) clayey sand with TECH JR 
gravel DATE 7121/2004 

uses: sc REVIEW MB 

Golder Associates Inc. 



ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 

SAMWLEDATA,GENERAL 

height (in) _u.~~ou 

diameter (in) 2.4'}7 
area (in"2) 4.11'J7 
volume (in"3) 4.877 
specimen weight, wet (g) 165.18 
specimen weight,dry (g) 148.17 
water weight (g) 17.01 

DESCRIPTION 
. Yellowish brown (I 0 YR 5/8) clayey sand 
with gravel 

LL: 39 
PL: 19_ 
PI: 20 
Gs: _Z.b!_ Assumed 

blOO 050 tSO 

PRESSURE Sample Sample TIMB(min) 

(lcsf) Height Height 
0.25 0.9953 - -
0.50 0.9934 - -
0.50 0.9934 - -
1.0 o;9917 0.9920 0.197 
2.0 0.9862 0.9871 0.227 
4.0 0.9766 0.9783 0.204 
8;0 0.9529 0.9564 0.209 

TI!<O·INC 
LAKEWOOD, COWRADO 

ONE-DIMENSIONAL CONSOLIDATION 
ASTMD2435 _____.-:--· 

SAMPLE: PF-1 ·- DATE 

TECH 
REVIEW 

SAMWLE DATA, INITIAL SAMPLE DATA, FINAL 

total height (in) 0_.')~~ total height (in) _0.960o_ 
height of solids (in) U.b'JI height of solids (in) U.b'JI 
height of voids (in) 0.305 height of voids (in) 0.269 
void ratio 0.441 void ratio 0.389 
dry density (pet) 115.47 dry density (pet) 120,07 
moist density (pet) 129.01 moist density (pet) 139.70 

MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 
tare# FJ tare# I'I'J 
wt soit&tare,moist ~~~ wt soil&tare,moist 203.2b 
wt soil&tare,dry 47.~~ wt soil&tare,dry )79.25 
wt tare 28.91 wt tare 32.311 
wtmoisture 2.14 wtmoisture 24.01 
wt dry soil 18.64 wt dry soil 14~7 
%moisture 11.48% %moisture lb.3)% 

Sample VOID PRAINAOB PATH DRAINAOB PATH COBFFJCIBNT OF 
Density RATIO (DOUBLB DRAINAOB) (DOUBLB DRAINAOB) CONSOLIDATION 
(pcf) e H(in) H(cm) H"2 (in"2) H"2 (cm"2) Cv (cm"2/sec) (1\"2/day) 
115.6 0.442 - - - - - -
115.8 0.439 -· - - - - -
115.8 0.439 - - - - - -
116.0 0.437 0.4960 1.2598 0.2460 1.5872 2.64E-02 2.46E+OO 
116.6 0.429 0.4935 1.2536 0.2436 1.5715 2.27E-02 2.12E+OO 
117.8 0.415 0.4892 1.2425 0.2393 1.5438 2.49E-02 2.32E+OO 
120.7 0.380 0.4782 1.2146 0.2287 1.4752 2.31E-02_ 2.16E+OO 

8/4/2004 

NQ 
JEO 

Cc 

0.008 
0.026 
0.046 
0.114 



ONE-DIMENSIONAL CONSOLIDATION 

0.45 

0.44 
.._ -....... -...... ~ ---~~ 

0.43 ....... 

... 

0.42 

0 
f::: 
~0.41 
8 
0 
> 

0.40 

0.39 

0.38 

0.37 

0.1 1 
PRESSURE (kst) 

SAMPLE#: PF-1 

DESCRIPTION: Yellowish brown (1 0 YR 5/8) 
clayey sand with gravel 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

~ 
I 

I 

~ 
1\ 
\ 

1\ 
\ 

1\ 
\ 

~· 

10 

DATE 8/4/2004 

TECH NO 
REVIEW JEO 



\ 

ONE-DIMENSIONAL CONSOLIDATION 

0.44 

0.43 I 
1 

0.41 \ 
' 

o0.41 

5 
8 
0 
>0.40 

0.39 

0.38 

0.37 

1 
Cv (ft .... l/day) 

SAMPLE#: PF-1 

DESCRIPTION: Yellowish brown (1 0 YR 5/8) 
clayey sand with gravel 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

10 

DATE 8/4/2004 

TECH NG 
REVIEW JEO 



ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 

SAMPLE DATA, GENERAL 

·height (in) 0.9960 
diameter (in) 2.497 
area (in"2) 4.!19'/ 
volume (in"3) 4.877 
specimen weight, wet (g) 166.16 
specimen weight,dry (g) 148.18 
water weight (g) 17.98 

DESCRIPTION 

Yellowish brown (1 0 YR 5/8) clayey sand 

LL: 43 
PL: 19 
PI: 24 
Gs: 2.70 Assumed 

hlOO DSO tSO 
PRESSURE Sample Sample TIME (min) 

(kat) Height Height 
0.100 0.9940 - -
0.500 0.9916 - -
0.500 0.9913 - -
1.0 0.9886 0.9892 0.217 
2.0 0.9825 0.9836 0.236 
4.0 0.9751 0.9763 0.257 
8.0 0.9660 0.9672 0.208 

~l.lliUl •srWIA,T,I!;i IN(;. 
LAKEWOOD, COLORADO 

ONE-DIMENSION~ONSOLIDATION 
ASTMD2435 

SAMPLE: PF-2 DATE 

TECH 
REVIEW 

SAMPLE DATA, INITIAL SAMPLE DATA, FINAL 

total height (in) 0.996 total height (in) 0.9634 
height of solids (in) 0.684 height of solids (in) 0.684 
height of voids (in) 0.312 height of voids (in) 0.280 
void ratio 0.457 void ratio 0.409 
dry density (pet) ll5.48 dry density (pet) ll9.65 
moist density (pet) 129.78 moist density (pet) 138.39 

MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 
tare# ~ tare# ~A 
wt soil&tare,moist ~5 wt soil&tare,moist ~._~ 
wt soil&tare,dry 91.33 wt soil&tare,dry 181.44 
wttare 27.72 wttare 33.29 
wtmoisture 7.72 wtmoisture ~.20 
wtdrysoil ~1 wtdry soil 14!1.15 
%moisture 12.14% %moisture 15.66% 

.. "!. ~ 

Sample VOID DRAINAGEPA1H --.. ~-............ DRAINAGEPA1H COEFFlCIENr OF 
Density RATIO (DOUBLE DRAINAGE) (DOUBLE DRAINAGE) CONSOLIDATION 

(pet) ····~ ''"'.' ·' .. : H'(iil.) H(cm) H"2 (in"'l) W'2(cm"2) Cv ( cm"2/sec) (ft"2/day) 
115.7 0.456• ... . , .. .:.· .. " - - - - -
116.0 0.453 - - - - - -
116.0 0.452 ' - - - - - -
116.3 .0.448 .0.4946 i.2563 0.2446 1.5782 2.39E-02 2.23E+OO 
117.1 0.439 : 0.4918 1.2492 0.2419 1.5604 2.11E-02 2.03E+OO 
118.0 0.428 0.4882 1:2400 0.2383 1.5375 1.96E-02 1.83E+OO 
119.1 0.415 0.4836 '"i.2284' . 0.2339 1.5089 2.38E-02 2.22E+OO 

I· ... ~ 

------

8/4!2004 
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DATE SUBMJTIED: 

GEOTECHNICAL LABORATfRY SAMPLE TEST REQUEST 

SAMPLED BY: 8 
ct. IKJ = Requested Test 

PROJECT NAME (SHO~T TITLE): ~ · PROJECT NUMBER: 

SAMPLE TYPE g 1 n (J). Jar 
(T) ·Tube 

I! 1- I i 
= 

(CR)-Core 
. --

l ; I 
!E 

~ i i (b)· bag TEST § ; i 
SPECIAL INSTRUCTIONS TO LAB 

(B) - 5-gal Bucket ; i r (* Include Test Parameters) 

(0)- Other 

i I ~ ~ ~ ~ I ~ ~ 

TEST METHOD ~~~-~ ·~~ l~lml~~~~~~l~lil~l~l~ ~~~~ 
lolo ~io lo·fol~~lol~lololololo 1~ 

SAMPLE #/Time Collected s~:~E -l.>M~ ....... :> ~~- \ u:oo ~\"-
I~?~- '":1. II :~S. l~._..l~ l)t 1-')( Ill lx I}(. lx 
I()'C'-~ 1J IS R. .~ lv '" ly IY lv lv I U...IA &~\:. ~ 
~~~- 4 II ;tC ~.IK lx I .A' .)(" I.Y ~ lx 
If'~-~ II cl.~ ~ .. \\\.. IX x ~ )( I)( I~ 
P~-s" ... '1 ·:t~ ~\\;. )( 'v )( IY ~~ l.v 
IP~- C.... Ll 3S ~s\-K ~ v .v lv y ~ 

IP~- "1 .A1:Yt"' ~u\\\<... )( f.( X )( )to l·>t 
I PC:-~ I I '-\ "S 1~\'(. :>( lx ')( lv ¥ lx I \-\n\.t 9. . .,. \<.....4 ~ 

!PF-~ \-\ :~~ e.,.\~ I)( l)t' rY lx lx I lt 
... 

IPf-tc I 5~ le:....,·,K lx :)( lx I)( IY IY 

A 

SENDR:11J .. Phone: 

/ A/4 
Dat" 1 h/<1} 11m"\\: 48 ._..;. By l""l: "" Date: ;Jq/o"t Time: 13 ~0 h.r-:; ._ 



ONE-DIMENSIONAL CONSOLIDATION 
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Cv (ft"l/day) 

SAMPLE#: PF-2 

DESCRIPTION: Yellowish brown (10 YR 5/8) 
clayey sand 

ROCKY FLATS/FIELD & LAB TEST/CO 
' 043-2246-0001 

GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

10 

DATE 8/4/2004 

TECH NG 
·REVIEW JEO 



ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 

SAMPLE DATA, GENERAL 

height (in) O.'J'JlSO 
diameter (in) 1.!100 
area(in"'2) 4.909 
volume (in"'3) 4.899 
specimen weight, wet (g) 167.08 
specimen weight,dry (g) 148.28 
water weight (g) 111.110 

DESCRIPTION 
IYellowtsh brown (10 YK 5/lS) clayey sand 
with gravel 

LL: 43 
PL: 18 
PI: 25 

Gs: 1.6"1 Assumed 

hlOO . DSO tSO 

PRESSURE Sample Sample TIMB(min) 

(bf) Height Height 
0.25 0.9976 - -
0.50 0.9916 - -
0.50 0.9918 - -
1.0 0.9908 0.9910 0.2011 
2.0 0.9863 0.9870 0.2262 
4.0 0.9788 0.9800 0.2470 
8.0 . 0.9696 0.9710 0.2131 

[;()Lillt:K S."'llf 'IATI£ liN(.;. 

LAKEWOO~COLORADO 

ONE-DIMENSIONAL CONSOLIDATION 
ASTMD2435 --· 

SAMPLE: PF-3 DATE 

TECH 
REVIEW 

SAMPLE DATA, INITIAL .SAMPLE DATA, FINAL 

total height (in) _{)_.~~~ total height (in) 0.9700 
height of solids (in) 0.690 height of solids (in) _().()'JlJ_ 
height of voids (in) 0.3011 height of voids (in) 0.1110 
void ratio 0.446 voidmtio 0.406 
dry density (pet) 115.05 dry density (pet) 118.64 
inoist density (pcf) 129.92 moist density (pet) 136.94 

MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 
tare# KIU tare# 1'22 
wt soil&tare,moist 59.28 wt soil&tare,moist 204.05 
wt soil&tare,dry 55.06 wt soil&tare,dry 181.10 
wt tare 21.17 wttare 31.38 
wtmoisture 4.22 wtmoisture 22.95. 
wtdrysoil 33.29 wt dry soil 148:72_ 
%moisture 12.68% %moisture 15.43'Yo 

Sample VOID DRAINAOBPATII DRAINAOBPATII COBFFICIBNT OF 
Density RATIO (DOUBLB DRAINAGB) (DOUBLE DRAINAGB) CONSOLIDATION 
(pcf) e H(in) H(cm) H"2 (in"2) H"2 (cm"2) Cv ( cm"21sec) (1\"2/day) 

II5.1 0.4411 - - - - - -
115.8 0.439 - - - - - -
115.8 0.439 - - -· - - -
115.9 0.438 0.4955 1.2586 0.2455 1.5841 2.59E-02 2.41E+OO 
116.4 0.431 0.4935 1.2534 0.2435 1.5711 2.28E-02 2.13E+OO 
117.3 0.420 0.4900 1.2446 0.2401 1.5489 2.06E-02 l.92E+OO 
118.4 0.407 0.4855 1.2332 0.2357 1.5207 2.34E-02 2.19E+OO 

8/4/2004 

NO 
JEO 

Cc 

0.005 
0.022 
0.036 
0.044 



ONE-DIMENSIONAL CONSOLIDATION 
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SAMPLE #: PF-3 

1 
PRESSURE (ksf) 

DESCRIPTION: Yellowish brown (10 YR 5/8) 
clayey sand with gravel 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER.ASSOCIATES INC. 

LAKEWOOD, COLORADO 

10 

DATE 8/4!2004 

TECH NG 
REVIEW JEO 



ONE-DIMENSIONAL CONSOLIDATION 
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SAMPLE#: PF-3 

DESCRIPTION: Yellowish brown (1 0 YR 5/8) 
cl~ sand with gravel 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

I 
I 
I 
I 
I 

10 

DATE 8/4/2004 

TECH NG 

REVIEW JEO 



ONE-DIMENSIONAL CONSOLIDATION 

0.47 

0.46 

'"'"1 ~ 
0.45 

0.44 
~ 

\ "' r--... 0.43 
1\ 

\ 
0 o.42 

I'~ (::: 

~o.4i -· .. e ·o ... 

;>- 0.40 
.. 
·~ : ::· .. 

0.39 
.. 

,. 
,. .. : . ''· 0.38 

-.•. . .. 
0.37 . . .· . 

: .. ' ' 
•. 

.· .. .. 
' 

.. . . .. 

0.36: 
.. 

.. . . 

.. 
0.3S · 

0.1. 1 
PRESSURE (ksf) 

SAMPLE#: PF-2 

DESCRIPTION: Yellowish brown (10 YR 5/8) 
clayey sand 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

10 

' 
; 
.. 

.. 

. .. 
. . 

100 

DATE 8/4/2004 

TEO! NG 
REVIEW JEO 



ONE-DIMENSIONAL CONSOLIDATION 
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PRESSURE (ksf) 

SAMPLE#: PF-4 

DESCRIPTION: Yellowish brown (10 YR 5/8) 
clayey sand {SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

10 

I 

I 
I 

100 

DATE 8/412004 
TECH NG 

·REVIEW JEO 



0~6+---------------~--------~----~----~--~--~~--~~ 

1 
Cv (ft"llday) 

SAMPLE#: PF-4 

DESCRIPTION: Yellowish brown (10 YR 5/8) 
clayey sand (SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

10 

DATE 8/4/2004 

TECH NG 

REVIEW JEO 



ONE-niMENSIONAL CONSOLIDATION. 
ASTMD2435 

ROCKY FLATS/FIELD & LAB TEST/CO SAMPLE: PF-5 DATE 8/1212004 

043-2246-0001 TECH NG 
REVIEW IEO 

SAMPLE DATA, GENERAL SAMPLE DATA, INITIAL SAMPLE DATA, FINA~ 

height (in) u.~nu total height {in) 0.997 total height (in) 0.9547 
diameter (in) 2.4~~ height of solids (in) 0.700 height of solids (in) 0.700 
area (in"2) 4.905 height of voids (in) 0.297 height of voids (in) 0.254 
volume (in"3) 4.890 void ratio 0.424 void ratio 0.363 
specimen weight, wet (g) 168.40 dry density (pet) _116.89 dry density {pet) 122.33 
specimen weight,dry (g) 150.37 moist density {pet) 131.19 moist density (pet) 140.32 
water weight (g) 18.03 

DESCRIPTION MOISTURE CONTENT, INiTIAL MOISTURE CONTENT, FINAL 
!YellOWISh brown (IU YK 5/8} clayey sand tare# AZ tare# F24 
with gravel (SC) wt soil&tare,moist _26.11 wt soil&tare,moist 201.73 

wt soil&tare,dry ISIS.~4 wt soil&tare,dry 17~.0:> 

LL: J1 wt tare ~9.13 wt tare 2~.48 
PL: 19 wtmoisture 7.17 wtmoisture 22.08 
PI: us wt dry soil .:>9.81 wt dry soil 1.:>0.17 
Gs: 2.67 Assumed %moisture H.99% %moisture 14.1U'Yo 

hiOO DSO tSO Sample VOID DRAINAGE PATH DRAINAGE PATH COEFFICIENT OF 
PRESSURE Sample Sample TIMB(min) Density RATIO (DOUBLE DRAINAGE) (DOUBLE DRAINAGE) CONSOLIDATION Cc 

(ksf) Height Height (pet) e H(in) H(cm) H"2 (in"l) H"2 (cm"2) Cv (cm"21sec) (1\"2/day) 
U.JUO ·0.9957 - - 117.0 0.424 - - - - - -
0.500 0.9931 117.3 0.420 

: - - - - - - - -
0.500 0.9926 - - 117.4 0.419 - - - - - -

1.0 0.9903 0.9909 0.421 117.7 0.416 0.4954 1.2584 0.2455 1.5836 . 1.24E-02 1.15E+OO 0.011 
2.0 0.9836 0.9846 0.210 118.5 0.406 0.4923 1.2505 0.2424 1.5638 2.44E-02 2.28E+OO 0.032 
4.0 0.9733 0.9747 0.222 119.7 0.392 0.4874 1.2379 0.2375 1.5325 2.27E-02 2.11E+OO 0.049 
8.0 0.9588 0.9609 0.180 . 121.5 0.371 0.4804 1.2203 0.2308 1.4892 2.71E-02 2.53E+OO 0.069 

SSI )f 'I A_'{')!; ' IN(.;. 

LAKEWOOD, COLORADO ------



ONE-DIMENSIONAL CONSOLIDATION 
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PRESSURE (ksf) 

SAMPLE#: PF-5 

DESCRIPTION: Yellowish brown (10 YR 5/8) 
clayey sand with gravel (SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

10 100 

DATE 8/1212004 
TECH NG 

REVIEW JEO 



ONE-DIMENSIONAL CONSOLIDATION 
ASTMD2435 I --· 

ROCKY FLATS/FIELD & LAB TEST/CO SAMPLE: PF-4 DATE 8/4/2004 

043-2246-0001 TECH NO 
REVIEW JEO 

SAMPLE DATA, GENERAL SAMPLE DATA, IMTIAL SAMPLE DATA, FINAL 

height (in) . 0.9980 total height (in) _0.998 total height (in) 0.9547 
diameter (in) 2.497 height of solids (in) _().700 height of solids (in) 0.700 
area(inA2) 4.897 height of voids (in) U~9K height of voids (in) 0.255 
volume (inA3) 4.887 void ratio 0.425 void ratio 0.364 
specimen weight, wet (g) 169.3I dry density (pet) 1!6.74 dry density (pet) 122.31 
specimen weight,dry (g) 150.Hr moist density (pet) ~31.98 moist density (pet) 140.81 
water weight (g) 19.22 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 
I Yellowtsh brown (I 0 YR 5/8) clayey sand tare# Z2 tare# Fl9 
(SC) wt soil&tare,moist 108.21 wt soit&tare,moist 205.94-

wt soil&tare,dry 99.13 wt soil&tare!dry 183.10 
LL: 35 wt tare 28.22 wt tare 32.11 
PL: 16 wtmoisture 9.08 wtmoisture 22.84 
PI: 19 wt dry soil 70.91 wtdry soil 150.99 
Gs: 2.67 Assumed %moisture _l~IIU% %moisture 15.13% 

hlOO DSO ISO Sample VOID DRAINAGEPATII DRAINAGEPATII COEFFICIENT OF 
PRESSURE Sample Sample TIME(min) Density RATIO (i>OUBLE Dl{AINAGE) ·(DOUBLE DRAINAGE) CONSOLIDATION Cc 

(ksf) Height Height (pel) e H(in) H(cm) H"2 {in"2) H"2 (cm"2) Cv ( cm"2/scc) (f\"2/day) 
-0.25 <f.9959 - - 117.0 0.424 - - - - - -
0.50 0.9927 117.4 0.420 ' -- - - - - . - -
0.50 0.9922 - - 117.4 0.419 - - - - - -
1.0 0.9902 0.9906 0.2544 117.7 0.416 0.4953 1.2581 0.2453 1.5828 2.04E-02 1.91E+OO 0.010 
2.0 0.9826 0.9836 0.1999 118.6 0.405 0.4918 1.2492 0.2419 1.5605 2.56E-02 2.39E+OO 0.036 

- 4.0 0.9723 0.9736 0.2905 119.8 0.390 0.4868 1.2364 0.2369 1.5287 1.73E-02 1.61E+OO 0.049 
8.0 0.9582 0.9601 0.1989 121.6 0.370 0.4801 1.2194 0.2305 1.4868 2.45E-02 2.29E+OO 0.067 

:Til ~ ~•lri&..TES INC. 
LAKEWOOD, COLORADO 



ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001. 

SAMPLE DATA, GENERAL 

height (in) 0.9960 
diameter (in) 2.498 
area (in"'2) 4.901 
volume (in"'3) 4.1111f 
specimen weight, wet (g) 1611.10 
specimen weight,dry (g) 141to3 
water weight (g) 20.07 

DESCRIPTION 
Y elloWJsh brown (I 0 YR 5/8) clayey sand 
(S~ . 

LL: 40 
PL: 19 
PI: 21 
Gs: 2.67 Assumed 

hlOO DSO tSO 
PRESSu'RB Sample Sample TIMB(min} 

(ksf) Height Height 
0.100 0.9921 - -
0.500 0.9885 - -
o.soo 0.9876 - -

1.0 0.9849 0.9854 0.218 
2.0 0.9780 0.9790 0.227 
4.0 0.9678 0.9694 0.214 
8.0 0.9495 0.9529 0.327 

bUI.UI!.K A S."illl '1-\TEI 'INl.:. 
LAKEWOOD, COLORADO 

ONE-DIMENSIONAL CONSOLIDATION 
ASTMD2435 I 

SAMPLE: PF-5Dup DATE 

TECH 
REVIEW 

SAMPLE DATA, INITIAL SAMPLE DATA, FINAL 

total height (in) 0.996 total height (in) 0.9450 
height of solids (in) 0.690 height of solids (in) 0.690 
height of voids (in) 0.306 height of voids (in) 0.255 
void ratio 0.444 void ratio 0.370 
dry density (pet) 115.27 dry density (pet) 121.76 
moist density (pet) 131.19 moist density (pet) 139.81 

MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 
tare# liT tare# DCJ 
wt soil&tare,moist 90.94 wt soit&tare,moist 204.30 
wt soil&tare,dry 83.94 wt soit&tare,dry 182.30 
wt tare -n:JT wt tare 33.86 
wtmoisture 7.00 wt moisture 22.00 
wt dry soil 51.63 wt dry soil 148.44 
%moisture . TI3Wo %moisture 14.1f;l'ro 

Sample VOID DRAINAGE PATH DRAINAGE PATH COEFFICIENT OF 
Density RATIO (DOUBLE DRAINAGE) (DOUBLE DRAINAGE) CONSOLIDATION 
(pcf) e H(in} H(cm} H"2 (in"2} H"2 (cm"2} Cv (cm"2/sec} (1\"2/day} 

115.7 0.440 - - - - - -
116.1 0.434 - - - - . - -
I 16.3 0.433 - - - - - -
116.6 0.429 0.4927 1.2514 0.2427 1.5660 2.35E-02 2.20E+OO 
117.4 0.419 0.4895 1.2434 0.2396 1.5460 2.24E-02 2.09E+OO 
118.6 0.404 0.4847 1.2312 0.2350 1.5158 2.33E-02 2.17E+OO 
120.9 0.378 0.4765 1.2102 0.2270 1.4646 1.47E-02 1.37E+OO 

8/1212004 

NO 
JEO 

Cc 

0.013 
0.033 
0.049 
0.088 



ONE-DIMENSIONAL CONSOLIDATION 
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PRESSURE (ksf) 

SAMPLE#: PF-5Dup 

DESCRIPTION: Yellowish brown (1 0 YR 5/8) 
clayey sand (SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

.. 

10 100 

DATE 8/12/2004 

TECH NG 
REVIEW ·mo 



ONE-DIMENSIONAL CONSOLIDATION 
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SAMPLE#: PF-5Dup 

DESCRIPTION:· Yellowish brown (10 YR 5/8) 
clayey sand (SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 

GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

. 

.. 

10 

DATE 8/1212004 

TECH NG 

REVIEW JEO 



ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 

SAMPLE DATA, GENERAL 

height (in) 0.9950 
diameter (in) . 2.497 
area (in"2) 4.1S'J7 
volume (in"3) 4.872 
specimen weight, wet (g) 167.67 
specimen weight,dry (g) 146.07 
water weight (g) 21.60 

DEScluPTION 
i Y eHOWISh brown { 10 Y .K "IS) Clayey sanel 
with gravel 

LL: 45 
PL: 20 
PI: 25 

Gs: 2.0'/ Assumed 

hiOO DSO ISO 

PRESSURE Sample Sample TIMB(min) 

(Jest) Height Height 
0.250 0.9891 - -
0.500 0.9842 - -
0.500 0.9836 - -

1.0 0.9818 0.9822 0.2545 
2.0 0.9752 0.9763 0.1780 
4.0 0.9632 0.9655 0.2242 
8.0 0.9400 0.9444 0.4444 

.T.E: I IN{;. 

LAKEWOOD, COLORADO 

ONE-DIMENSIONAL CONSOLIDATION 
ASTMD2435 

SAMPLE: PF-6 DATE 

TECH 
REVIEW 

SAMPLE DATA, INITIAL SAMPLE DATA, FINAL 

total height (in) 0.995 total height (in) 0.9400 
height of solids (in) 0.681 height of solids (in) U.61Sl 
height of voids (ill) 0.314 height of voids (in) u.z:w 
void ratio 0.460 void ratio u~u 
dry density (pcf) 113.95 dry density (pet) .1_~9 
moist density (pcf) .131.-112 moist density (pcf) 140.~3 

MOISTURE CONTENT, INITIAL MOISTIJRE CONTENT, FINAL 
tare# . 19H tare# C5L 
wt soit&tare,moist ·'()~.~ wt soit&tare,moist 2U3A3 
wt soit&tare,dry 9~.40 wt soit&tare,dry 17?~7 
wt tare 24.65 wt tare 33.45 
wtmoisture 10.46 wt moisture ?-3..!_6 
wt dry soil 70.75 wt dry soil l4b.:l2 
%moisture 14.71S'Yo %moisture 16.2~% 

Sample VOID DRAINAGE PATH DRAINAGE PATH COEFFICIENT OF 
Density RATIO (DOUBLE DRAINAGE) (DOUBLE DRAINAGE) CONSOLIDATION 

(pet) e H(in) H(cm) H"2 (in"l) H"2 (cm"2) Cv (cm"21sec) (f\"2/day) 

114.6 0.4~3 - - - - - -
115.2 0.446 - - - - - -
115.3 0.445 - - - - - -
115.5 0.443 0.4911 1.2474 0.2412 1.5561 2.01E-02 1.87E+OO 
116.3 0.433 0.4881 1.2398 0.2383 1.5372 2.84E-02 2.65E+OO 
117.7 0.415 0.4828 1.2262 0.2331 1.5036 2.20E-02 2.05E+OO 
120.6 0.381 0.4722 1.1995 0.2230 1.4387 l.06E-02 9.92E-OI 

------

8/412004 

NG 

JEO 

Cc 
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ONE-DIMENSIONAL CONSOLIDATION 
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SAMPLE#: PF-5 

DESCRIPTION: Yellowish brown (1 0 YR 5/8) 
clayey sand with gravel{SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 
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DATE 8/1212004 
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ONE-DIMENSIONAL CONSOLIDATION 
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SAMPLE#: PF-6 

DESCRIPTION: Yellowish brown (1 0 YR 5/8) 
clayey sand with gravel 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-:0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

\ 
• 

/ 
I 

I 

I 

10 

DATE 8/412004 

TECH NG 
REVIEW JEO 



ONE-DIMENSIONAL CONSOLIDATION 
ASTMD2435 --+--· .. 

ROCKY FLATS/FIELD & LAB TEST/CO SAMPLE: PF-7 DATE 8/4/2004 

043-2246-0001 TECH NG 
REVIEW JEO 

SAMPLE DATA, GENERAL SAMPLE DATA, INITIAL SAMPLE DATA, FINAL 

height(in) O.'l'lbU total height (in). U.996 total height (in) .0.96~ 
diameter (in) 2.498 heightofsolids (in) U.719 height of solids (in) 0.71'1 
area (itr"2) 4..~0.! height of voids (in) 0.277 height of voids (in) 0.249 
volume (inl\3) 4.1!1S_l void ratio 0.386 void ratio 0.347 
specimen weight, wet (g) 172.91 dry density (pcf) 120.09 dry density (pet) 123.81 
specimen weight,dry (g) · 

~· moist density (pcf) 134.94 moist density (pet) 141.03 
water weight (g) IIS.70 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 
I Yeuowtsh brown (I 0 YR 518) clayey sand tare# K3 tare# 1'18 
(SC) wt soil&tare,moist 7:5.07 wt soil&tare,moist 210.79 

wt soil&tare,dry b9.33 wt soil&tare,dry 189.27 
LL: ~ wt tare 21.99 wttare 34.56 
PL: us wtmoisture 5.74 wtmoisture 2.1_.~ 
PI: 17 wt dry soil 47.34 wt dry soil 1:54.71 
Gs: 2.67 Assumed %moisture !~.13% %moisture 13.91% 

hlOO D!IO 1!10 Sample VOID DRAINAGE PATH DRAINAGE PATH COEFFICIENT OF 
PRESSl.JRB Sample Semple TIMB(min) Density RATIO (DOUBLE DRAINAGE) (DOUBLB DRAINAGE) CONSOLIDATION Cc 

(bf) Height Height (pel) e H(in) H(cm) H"2 (in"2) H"2 (cm"2) Cv ( cm"2/sec) (1\"2/day) 
0.100 0.9937 - - . 120.4 0.384 - - - - - -

' 0.500 0.9900 - - 120.8 0.379 - - - - - -
0.500 0.9888 - - 121.0 0.377 - - - - - -

J.O 0.9865 0.9869 0.3428 121.2 0.374 0.4935 1.2534 0.2435 1.5710 1.50E-02 1.40E+OO 0.011 
2.0 0.9815 0.9821 0.2173 121.9 0.367 0.4911 1.2473 0.2411 1.5551 2.35E-02 2.19E+OO 0.023 
4.0 0.9751 0.9760 0.2546 122.7 0.358 0.4880 1.2395 0.2381 1.5364 1.98E-02 1.85E+OO 0.030 
8.0 0.9706 0.9717 0.2321 123.2 0.352 0.4858 1.2340 0.2360 1.5229 2.15E-02 2.01E+OO 0.021 

~lll.lllt:ll S.""l U 'I AT)!; SIN(.;, 

LAKEWOOD, COLORADO 



ONE-DIMENSIONAL CONSOLIDATION 
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JPRESSURE (kst) 

SAMPLE#: PF-7 

DESCRIPTION: Yellowish brown (10 YR. 5/8) 
cla)'ey sand (SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 
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DATE 8/412004 
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REVIEW JEO 



ONE-DIMENSIONAL CONSOLIDATION 
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SAMPLE#: PF-7 

DESCRIPTION: Yellowish brown (10 YR 5/8) 
clayey sand (SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

10 

DATE 8/4/2004 

TECH NO 

REVIEW JEO 



ONE-DIMENSIONAL CONSOLIDATION 
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SAMPLE#: PF-6 

DESCRIPTION: Yellowish brown (1 0 YR 5/8) 
· clayey sand with gravel 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 
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ONE-DIMENSIONAL CONSOLIDATION 
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SAMPLE#: PF-8 

DESCRIPTION: · Yellowish brown (10 YR 5/8) 
clayey sand with gravel (SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 
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ONE-DIMENSIONAL CONSOLIDATION 
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SAMPLE#: PF-8 

DESCRIPTION: Yellowish brown (10 YR 5/8) 
clayey sand with gravel (SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSqCIATES INC. 

LAKEWOOD, COLORADO 
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ONE-DIMENSIONAL CONSOLIDATION 
ASTMD2435 .. 

ROCKY FLATS/FIELD & LAB TEST/CO SAMPLE: PF-9 DATE 8/4/2004 

043-2246-0001 TECH NG 

REVIEW . JEO 

SAMPLE DATA, GENERAL SAMPLE DATA, INITIAL SAMPLE DATA, FINAL 

height(in) 0.9920 total height (in) -u:992 total height (in) 0.9714 
diameter (in) 2.498 height of solids (in) 0.712 height of solids (in) 0.712 
area (in"2) 4.901 height of voids (in) 0.280 height of voids (in) 0.259 
volume (in"3) 4.862 void ratio U392 void ratio 0.364 
specimen weight, wet (g) 171.10 dry density (pet) 119.50 dry density (pet) 12230 
specimen weight,dry (g) 152.84 moist density (pcf) 134,07 moist density (pet) 138.47 
water weight (g) 111.26 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

Yellowish brown (10 YR 5/8) clayey sand 
tare# K20 tare# 4A 
wt soil&tare,moist ~ wt soil&tare,moist 206.51 
wt soil&tare,dry w:7{) wt soil&tare,dry I !16.2!1 

LL: 38 - wt tare TI.1CJ wt tare 33.1!1 
PL: 18 wtmoisture l[W wtmoisture 20.23 
PI: 20 wt dry soil 71.91 wt dry soil 153.09 
Gs: 2.67 Assumed %moistUre I 1.95% %moisture 13.21% 

hiOO DSO tSO Sample VOID DRAINAGE PATH DRAINAGE PATH COEFFICIENT OF 
PRESSURE Sample Sample TIMB(min) Density RATIO (DOUBLE DRAINAGE) (DOUBLE DRAINAGE) CONSOLIDATION Cc 

(ksf) Height Height (pet) e H(in) H(cm) H"2 (in"2) H"2 (cm"2) Cv (cm"21sec) (1\"2/day) 

0.100 0.9905 - - 119.7 0.392 - - - - - -
0.500 0.9875 - - 120.0. 0.388 - . - - - - -
0.500 0.9870 - - 120.1 0.387 - - - - - -

1.0 0.9849 0.9854 0.2185 120.4 0.384 0,4927 1.2514 0.2427 1.5660 2.35E-02 2.20E+OO 0.010 
2.0 0.9804 0.9810 0.2546 120.9 0.378 0.4905 1.2459 0.2406 1.5523 2.00E-02 t.87E+OO 0.021 
4.0 0.9758 0.9762 0.2599 121.5 0.371 0.4881 1.2398 0.2383 1.5371 l.94E-02 l.81E+OO 0.021 
8.0 0.9735 0.9743 0.1964 121.8 0.368 0.4872 1.2374 0.2373 1.5311 2.56E-02 2.39E+OO 0.010 

1
JIJI 114;K .~"illl :•A.Tl£:~ IN(.;. 
LAKEWOOD, COLORADO 



ONE-DIMENSIONAL CONSOLIDATION 

0.39 ~ 

0.1 1 
PRESSURE.(ksf) 

SAMPLE#: PF-9 

DESCRIPTION: · Yellowish brown (10 YR 5/8) 
. · clayey sand 

~~-----------------------------------~ 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 

10 

' i 
I 
I 

100 

DATE 8/41.2004 

TECH NG 

REVIEW JEO 



ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 

S~LEDATA,GENERAL 

height (in) 0.9970 
diameter (in) 2.4911 
area(in.-.2) 4.901 

. volume (in.-.3) 4.11116 
specimen weight, wet (g) 163.81 
specimen weight,dry (g) 143.39 
water weight (g) 20.42 

DESCRIPTION 
Yellowtsh brown (10 YR 5/8} clayey sand 
with gravel {SC) 

LL: 41 
PL: 19 
PI: 2.2. 
Gs: 2.67 Assumed 

hlOO DSO tSO 
PRBSSURB Semple Sample TIMB(min) 

(bf) Height Height 

0.100 0.9954 - -
0.500 0.9923 - -
0.500 0.9919 - -

1.0 0.9897 0.9903 0.255 
2.0 0.9813 0.9828 0.255 
4.0 0.9684 0.9710 0.194 

' 8.0 0.9423 0.9462 0.207 

~Ill IJII:K N."'tJLIA l 1!;1 11'1(.;. 

LAKEWOOD, COLORADO 

ONE-DIMENSIONAL CONSOLIDATION 
ASTMD2435 

SAMPLE: PF-8 DATE 

TECH 
REVIEW 

S~LE DATA, INITIAL S~LEDATA, FINAL 

total height (in) 0.997 total height (in) 0.9368 
height of solids (in) 0.668 height of solids (in) 0.668 
height of voids (in) 0.329 height of voids (in) 0.2611 
void ratio _!).492 void ratio 0.402 
dry density (pet) !! 1.54 . dry density (pet) 118.97 
moist density (pet) 12.7.71 moist density (pet) 137.85 

MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 
tare# _19B tare I# 3A 
wt soit&tare,moist 87.78 wt soil&tare,moist 199.91 
wt soil&tare,dry 7_9.91 wt soil&tare,dry 177.12 
wt tare ~4.66 wt tare 33.51 
wt moisture 7.117 wtmoisture 22.7'! 
wt dry soil 55.25 wtdrysoil 143.01 
%moisture 14.24% %moisture l:l.IIPYo 

Sample VOID DRAINAOBPATH DRAINAOBPATH COBFFICIBNT OF 
Density RATIO (DOUBLB DRAINAOB) (DOUBLB DRAINAOB) CONSOLIDATION 
(jlcf) e H(in) H(cm) H"2 (in"2) H"2 (cm"2) Cv ( cnr"2/sec) (f\"2/day) 

111.7 0.491 - - - - - -
112.1 0.487 - - - - - -
112.1 0.486 - - - - - -
112.4 0.483 0.4951 1.2576 0.2452 1.5817 2.04E-02 1.90E+OO 
113.3 0.470 0.4914 1.2482 0.2415 1.5580 2.01E-02 1.87E+OO 
114.8 0.451 0.4855 1.2332 0.2357 1.5207 2.57E-02 2.40E+OO 
118.0 0.412 0.4731 1.2017 0.2238 1.4440 2.29E-02 2.14E+OO 

··-------

8/12/2004 

NG 
JEO 

Cc 

0.011 
0.042 
0.064 
0.130 



ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 

S~LEDATA,GENERAL 

height (in) u.~msu 

diameter (in) 2.498 
area (inJ\2) 4.901 
volume (inA3) ~I 
specimen weight, wet (g) I 68. ~IS 
specimen weight,dry (g) 149.12 
water weight (g) 19.06 

DESCRIPTION 
Y ellowtsh brown (I 0 Y R 5/8) clayey sand 
with gravel (SC) 

LL: 43 
PL: 18 
PI: Z5 
Gs: 2.67 Assumed 

hlOO DSO tSO 
PRBSSt.Jim Sample Sample TIME(min) 

(ksf) Height Height 

0.100 0.9967 - -
0.500 0.9923 - -
0.500 0.9917 - -

1.0 0.9878 0.9886 0.343 
2.0 0.9775 0.9789 0.254 
4.0 0.9636 0.9656 0.191 
8.0 0.9411 0.9439 0.208 

~ Ill llt:N. •. 1'0:-itJLIA..II!i) Jl'l\_;. 

LAKEWOOD, COLORAI)O 

ONE-DIMENSIONAL CONSOLIDATION 
ASTMD2435 . 

SAMPLE: PF-10 DATE 

TECH 

REVIEW 

S~LE DATA, INITIAL S~LE DATA, FINAL 

total height (in) _!).998 total height (in) 0.9362 
height of solids (in) _l).695 height of solids (in) 0.695 
height of voids (in) U.3U3 height ofvoids (in) 0.241 
void ratio 0.436 void ratio 0.~7 
dry density (pcf) 115.89 dry density (pcf) 123.81 
moist density (pcf) 130.99 moist density (pcf) 142.30 

MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 
tare# D4 tare# · Xl5 
wt soit&tare,moist 90.35 wt soil&tare,moist 2U4.16 
wt soit&tare,dry _H3.39 wt soil&tare,dry 181.88 
wt tare ~!S.94_ wt tare 32.70 
wt moisture 6.96 wtmoisture 22.28 
wt dry soil 54.45 wt dry soil 14.9.18 
%moisture 12.78% %moisture 14.93'Yo 

Sample VOID DRAINAGE PATH DRAINAGE PATH COEFFICIENT OF 
Density RATIO (DOUBLE DRAINAGE) (DOUBLE DRAINAGE) CONSOLIDATION 

(pcf) e H (in) H(cm) H"l (in"2) H"2 (cm"2) Cv (cm"2/sec) (f\"2/day) 

116.0 0.436 - - - - - -
116.6 0.429 - - - - - -
116.6 0.429 - - - - - -
117.1 0.423 0.4943 1.2556 0.2444 1.5765 1.51E-02 1.41E+OO 
118.3 OA08 0.4894 1.2432 0.2396 1.5455 2.00E-02 1.86E+OO 
120.0 0.388 0.4828 1.2264 0.2331 1.5040 2.58E-02 2.41E+OO 
122.9 0.356 0.4719 1.1987 0.2227 1.4369 2.26E-02 2.11E+OO 

------

8/12/2004 

NG 

JEO 

Cc 

0.019 
0.050 
0.066 
0.108 
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ONE-DIMENSIONAL CONSOLIDATION 
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PRESSURE (ksf) 

SAMPLE#: PF-10 

DESCRIPTION: Yellowish brown (10 YR 5/8) 
clayey San.d with gravel (SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO . 

-

10 100 

DATE 8/1212004 
.; TECH NG 

REVIEW JEO 
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ONE-DIMENSIONAL CONSOLIDATION 
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SAMPLE#: PF-10 

DESCRIPTION: Yellowish brown (1 0 YR 5/8) 
clayey sand with gravel (SC) 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 
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DATE 8/1212004 
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./ .· 

-
Sample#= PF-1 Sample#= PF-1 Sample#= PF-1 
Point#= I Point#= 2 Point#= 3 

Initial Initial Initial 
Leogtha 14.66 em Leogth= 14.72 em Leogth= 14.76 em 

Diameter= 7.30 em Diameter= 7.30 em Diameter= 7.30 em 
Wet Weight= 1274.70 g Wet Weight= 1273.80 g Wet Weight= 1273.70 g 

Area= 41.9 sq.em Area= 41.9 sq.em Area= 41.9 sq. em 
Sample Area"' 6.49 sq. in. Sample Area= 6.49 sq. in. Sample Area= 6.49 sq. in. 

,Volume= 613.6 ee Volume= 616.1 ee Volume= 617.7 ee 
Moisture. Content= 12.7% Moistw"e Content= 12.7% Moisture Content= 12.7% 
Specific Gravity .. na Specific Gravity= na. Specific Oravity = na 

Dry Weight of Solids .. 1131.06 g Dry Weight of Solids= 1130.26 g Dry Weight of SolidS= 1130.17 g 
Wet Density = 2.08 Flee Wet Density= 2.07 'ifee Wet Density = 2.06 flee 
Dry DenSity= 1.84 'i/ee Dry Density= 1.83 flee Dry Density= 1.83 flee 
Wet Density= 129.6 pcf Wet Density = 129.0 pcf Wet Density= 128.7 pcf 
Dry Density= 115.0 pcf . Dry Density= 114.5 pcf Dry Density= 114.2 pcf 

Cell Pressure= 100 psi Cell Pressure= 100 psi Cell Pressure= 100 psi 
Back Pressure= 97 psi Back Pressure= 94 psi Back Pressure= 91 psi 

Confming Pressure= 3 psi Confming Pressure= 6 psi Contining Pressure= 9 psi 

Notes: I. Sample remolded to 95% of~um dry density (120.6 pet) and +2% of optimum (12.7%) moisture content 
2. Yellowish brown ( 10 YR 5/8) clayey sand with gravel SC 

Golder Associates, Inc. Tide: 

Denver, Colorado TRIAXlAL SHEAR TEST REPORT 

lob Short 11tle: SAMPLE DATA AND CALCULATIONS 
ROCKY FLATS/FIELD&. LAB TI!'SJ'ING/CO 

Sample No. Rnlcwed: Date: Job Number: Figure: 1 

PF-1 TJS 7/29/2004 043-2246.0001 
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SAMPLE#: PF-9 

DESCRIPTION: Yellowish brown (10 YR 5/8) 
clayey sand 

ROCKY FLATS/FIELD & LAB TEST/CO 
043-2246-0001 
GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 
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REVIEW JEO 
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Stress Path Plot 
p'-q Plot 

-+------------4-3 psi 

-+------------4 --6 psi 

+----------~ 
-9psi 

0 2 4 6 8 10 12 14 16 18 20 
p', Mean Effective Stress in psi 

Stress Path Parameters 

'I''·= 29.2 degrees 
a'= 0.0 psi 

Golder Associates, Inc. Title: 

Denver, Colorado cu TRIAXIAL SHEAR DATA 

Job Short Tide: STRESS PATH PLOT 
ROCKY FLATS/FIELD & LAB TESTING/CO 

Sample No. Reviewed: 

PF-1 TJS 

Date: 
7/29/2004 

Job Number: Figure: 
043-2246.0001 
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Mohr Circle Diagram 
Effective Stress Parameters 

20 

18 r-- -3psi i 
·' 

-6psi I 

16 f- I 
·- -9psi fll 14 r--=-
Ji 

- M-C Envelope v ... 12 r--Cl) 

V' = ~ / .. 10 .... ~ 00 v .. 
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0 / ~ l' 1\ \\ 
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Effective Normal Stress, psi 

Mohr-Coulomb Parameters 

cjl'= 34.0 degrees 
c'= 0.0 psi 

Golder Associates, lite. Title: 

Denver, Colorado CUTRUUUALSBEARDATA 

Job Short .Title: MOHR CJ:RCLE DIAGRAM 
ROCKY FLATS/FIELD & LAB TESTING/CO 

Sample No. Depth · Reviewed: !Date: rob Number: rigure: . 4 

PF-1 0 TJS 7/29/2004 043-2246.0001 



Consolidated Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC. 

Project: ROCKY FLATS/FIELD & LAB TESTING/CO 
Project Number: 043-2246.0001 

Sample. Number;:·~:... . PF-t 

,Depth··: ... : . ·.· ;,_:·,: .. ; . 0 .·. 
ttrecti~e· sir~s'·A:rl~lysis ... ,. : ·· · · 

/ 

Effective Stress Analysis 

q vs. p' 

6.-----------------------------------------------------------------------------~ 

Notes: 

Printed on: 8/2/2004 

P' I 

(psi) 
7 
8 
9 

tan(w~ = 
a'= 

·q;;;·;~_ 

,: .. 

·(p~i)' 
4 
5 
5 

0;5588 
0 

s 

i4 
.!1 

i 3 .. 
& 
lf-2 

y=O.SS88x 

R2 =0.8495 

• 

• 

0~---------~-----------+------------~-----------r---------~ 
+'= 34.0 degrees 0 2 4 6 8 10 

c'= 0.0 psi p', Mean Effective Stress In psi 

1. Failure is taken to corespond to the maxim urn deviator stress at an axial strain of 1%. 
This small strain failure criteria was chosen due to the dilative nature of the material. 

Golder Associates Inc. PF-l.xls.xls 



Consolidated Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC 

Project: ROCKY FLATS/FIELD & LAB TESTING/CO. 
Project Number: 043-2246.0001 

Sample Number 
Depth 
Total Stress Analysis 

·. ',' p~-k,::,(· Total Stress Analysis 
q vs. p-Uo 

6~---------------------------------------------------------------------~ 

Point Number P-Uo· . q-).! 

(psi) (psi) 
I 
I 

1 8 4 
2 11 5 
3 15 5 

--

tan(w) = 0.2224 
a= · 1.9214 

~ = 12.9 
c= 2.0 

degrees 
psi 

s 

i4 
.s 

I 3 .. 
! 
fll 

o:r2 

y = 0.2224x + 1.9214 

R2 =0.8424 

0~--~~---+----~----~----+-----~---+----~ 
0 2 4 6 8 10 12 14 16 

p-Uo, Mean Total Stress In psi 

Notes: 1. Failure is takett to corespond to the maximum deviator stress at an axial strain of 1%. _ 
this small strain failure criteria was chosen due to the dilative nature of the material. 

Printed on: 8/212004 Golder Associates Inc. PF-l.xls.xls 
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Denver, Colorado 
Job Short Title: 

CU TRIAXIAL SHEAR DATA 

STRESS AND A PORE PRESSURE PLOTS 
. ROCKY FLATS/FIELD & LAB TESTING/CO 

Sample No. 
PF-1 

Date: 
07/29/04 

Job Number: Figure: 
043-2246.0001 
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_!RIAXIAP , '-\J I TEST(~ D4~ .IDA~ lfNDRAINt:nWim PORE PRESSUDii' 

i>ROJEC'r TITLE 
j)ROJEct NUMBER 
>AMPLEID 
>AMPLE TYPE 

ROCKY FLATS/FIELD AND LAB TESTING/CO iNITIAL SAMPLE DATA 
043-2246-0001 HEIGHT 

pF- 2 DIAMETER 
~----------~B~u7.1k~-----------;AREA 

em 
1.5.248 
7.087 
3~.44 

in 
6.003 . .5.987 
2.790 2.78.5 
6.11 6.09 

CORRECTED SAMPLE DATA 
DRY DENSITY, calc (pet) 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 

114.4 
406.02 
191.68 

~----~------·------------~VOLUME 
0.006 WEIGHT (g) 

0.10 %MOISTURE 

601.41 
1246.76 

13.7 

. 36.70 36.47 
1282.06 

16.9.5 

VOID RATIO 0.472 C>EP'rH INTERVAL 
\lfACHINE SPEED (in/min) 
mw'N RATE (o/Jmin) 
::ELL PRESSuRE (JISI) 
>AMPLE PRESSURE (psi) 
EFF. C6NSOLIDATION 
PRESStiRE, a3 (psi) 
i>RESSURE, a3 (psf) 
FiNAL "B" VALUE 

83.0 SPECIFICGRAVITY 2.70 WATER CONTENT(% MOISTURE) 
~~-:-:--, 80.0 MOIST DENSITY (pet) 129.4 WT SOIL & TARE, MOIST (g) 1282.06 

DRY DENSITY, calc (pet) 
VOLUME OF SOLIDS 
VOLUME OP VOIDS 

113.7 WT SOIL & TARE, DRY (g) 1096.26 
3.0 406.02 wTTARE(g). _0.00 

432.0 
Mounting Methodr-J-W~e~t --,1 VOID RATIO 

SATuRATION 

19.5.38 WT MOISTURE (g) . 18.5.80 

:so (minutes) 
0.481 WT DRY SOIL (g) 1096.26 1.00 

0.21 77.0 %MOISTURE 16.9.5 

0.0 
0,, 

t.o 
u 

!~ 
(inches) 
0.000 

. 0.003 
0.006 
0.009 

AXIAL PORB PWP d!IIIIJII! B CORR. CORR. DBV. SIGMA I SIGMA I SIGMA 3 EFP.PRN 

PREss. DU(psf) %~ (I.e) AREA HEIGHr .BFP. ,_ -"" S~~~O 
-~ ~~ ~ {~ On~ ~ ~ -~~ ~.~ ~UJ ~1,uo (~ 

22 80.1 0.0 0.00 1.00 . 6.09 5.987 0.0 432.0 432.0 432.0 1.00 432.0 
32 80.6 72.0 . 0.05 1.00 6.10 ,,984 2362 668.2 ,96.2 360.0 1.66 478.1 
38 80.8 100.8 0.10 1.00 6.10 ,,981 377.8 809.8 709.0 3312 2.14 520.1 
43 81.0 129.6 o.u 1.00 . 6.10 ,,978 495.6 927.6 798.0 302.4 2.64 550.2 

2.0 0.012 47 81.1 144.0 '020 1.00 6.10 ,,97, 589.7 1021.7 877.7 288.0 3.05 582.9 

0.0 

.118.1 
188.9 
247.8 

.(A) 

0.00 
OJO 
021 
026 

2.S O.OIS SO 812 U8.4 0.25 1.00 6.11 5.972 660.2 10922 933.8 273.6 3.41 603.7 330.1 
294.9 0.24 

0.24 
42 0.02S 60 81J 172.8 0.42 1.00 6.12 5.962 894.4 1326.4 IIS3.6 2592 4.45 706.4 4472 0.19 

'._r_ •. •.::_,-_:"".•.'_u .••. r:-.:_.'.'.··-'·.r..•.,r.: .. _:: .. ·, .. s_·2·m_· __ ·-··~~-.iii!_ .. ,_· •. _''··:~~-···.·-.·-, ... (.-'."'·.' ..• ~.n •• ~c._,· •. mii,·. -~··;;:;~ --~ :~;;-~-~~ !.llilll~~~~72~~Rlml11.1! Rn!~ lt~~~~~~~!72f1!.ioj~R~I;~E,~;2!~.~--:~··_.-.-.. ~·.Jr_._: __ ::lriilil' .. ,·.:_,i_• •• ,':Jm!,i.•.:,-';m.-_ .. _.r~·-:::~:_.·.: ..• :.r =~ .· .. -..... .-~· .. ·,~-· .. -.-.. 11·_ ·_.·.,1.-,_ .• • •• :.••.ri '.'.1.· !!.~ ... ~if .. ~ .. !D~I~~~~~ .• -... '~--9.-l .. -i!-•.·]_2~: .. "",1•:·1-1I~~W!~:~,~6~!7~.olill'l%1~ .~ 599~~'onl~~-··r'1·"~·"· ~~, .... !wOO'I;: 1'11 il" ~---~·-·-·:·,,.·~· ..• -•. _,;,. ~-·;_·,_:l::~-11111~~~~m·l·~~~n~T~· ·:-~-~--~·-·J·i'm~··mrn··'"'!"~ -~·,.·1' ~~~~l-r,IJirn'"!l~iiil· -~-·! -~·i·'\"'~'"'1· ·""""" rm~·· ~~"I 
J •· "!!! u.ut~ ~.v J 1•;:;~ u:'n v... J ------ 'J':52j:(j''''·i..! ·'•· 360.0 4.24 94J.s:'i•i·!' .. ;u.-•.; ;83.5 ; •!i!·.;!'/''o.;,:mw.'!lL~!i!l 

17J 0.104 74 80J 28.8 1.74 0.98 6.20 5.883 1207.8 1639.1 I61 1.0 403.2 4.00 1007.1 603.9 0.02 
21.5 0.129 75 802 I4.4 2.1S 0.98 6.23 5.8SB 122S.7 1657.7 1643J 4I7.6 3.94 1030.5 612.9 0.01 
26.7 0.160 15 80.0 -14.4 2.67 0.97 6.26 5.827 1219.3 1651J 1665.7 446.4 3.73 1056.0 
292 o.m 75 8o.o ,14.4 2.92 o.97 6.28 5.812 t2t6.t t64B.t I662.5 446.4 3.72 to5u 
34.8 0209 77 79.9 -28.8 3.49 0.97 6.31 ,,778 1254.6 1686.6 171S.4 460.8 3.72 1088.1 

. 41.7 0250 19 79.8 -432 4.18 0.96 6J6 . 5.737 1291.0 I723.0 17662 4752 3.72 1120.7 
Sl.7 · 0.310 79 79.7 -57.6 S.t8 0.95 6.42 ,,677 1277.5 1709.5 1767.1 489.6 3.61 1128.4 
58J 0.350 80 79.7 -57.6 S.8S 0.94 · 6.47 5.637 1290.8 1722.1 1780.4 489.6 3.64 tm.o 
66.7 0.400 83 79.6 -72.0 6.68 0.93 6.53 5.587 134S.S 1777.5 I849.5 504.0 3.67 1176.8 
7S.O 0.4SO 8S 79.5 -86.4 7.52 0.92 6.59 S.S37 13772 18092 1895.6 518.4 3.66 1207.0 
83J o.soo 87 79.4 -100.1 8.35 0.92 6.65 5.487 1408.1 I840.1 I940.9 532.8 3.64 1236.8 
91.7 o.55o 90 79J -m2 9.19 o.9t 6.71 5.437 t459.6 t891.6 2006.8 5472 3.67 t2n.o 
100.0. 
108.3 
116.7 
125.0 
133J 
141.7 
ISO.O 

. 158J 

166.7 

0.600 
0.6SO 
0.700 
0.7SO 
0.800 
0.1150 
0.900 
0.9SO 
1.000 

92 192 -129.6 10.02 0.90 6.77 5.387 1488.7 1920.7 2050.3 561.6 3.65 1306.0 
94 192 -129.6 10.86 0.89 6.83 5337 Ut7.1 1949.1 2078.7 561.6 3.70 1320.1 
9S 79.1 -144.0 11.69 0.88 6.90 5281 1523.7 1955.7 2099.7 576.0 3.65 I337.9 
99 79.1 -144.0 12.53 · 0.87 6.96 5237 IS92.0 2024.0 2168.0 576.0 3.76 I372.0 
100 79.0 -ts8.4 13J6 0.111 7.03 5.117 IS97.3 2029J 2IB7.7 590.4 3.71 . I389.1 
102 78.9 -172.8 1420 0.86 7.10. '.137 1622.5 2054.5 2227J 604.8 3.68 1416.0. 
104 78.9. -172.8 U.03. 0.85 7.17 ,,087 1646.11 2078.11 22R6 -604.8-- 3.72 1428.2 
lOS 78.8 -1872 U.l7. 0.84 7.24 ,,037 I6S0.5 2082.5 2269.7 619.2 3.67 1444.5 
107 78.8 -187.2 16.70 0.83 7J1 4.987 1673.5 210H 2292.7 6192 3.70 1456.0 

DU 
@FAILURE I tz9.6o I 

DEVIA"tuKit: STRESS 
@ FAILUREJ r---:-11:-::-01::-:.6~4...,1 

·,;..-art;'l."IIVt;PRINCIPLESTRESS 

RATIO@FAILURE I 4.64 I 

609.6 -0.01 
608.1 -0.01 
627.3 -0.02 
64S.S -0.03 
638.8 -0.05 
645.4 -0.04 
672.8 ..o.os 
688.6 -0.06 
704.0 -0.07 
729.8 -0.08 
744.4 
758.5 
761.9 
796.0 
798.7 
811.2 
1123.4 
82.5.3 
836.11 

-0.09 
-0.09 
-0.09 
-0.09 
-0.10 
-0.11 
-0.10 
-0.11 
-0.11 

TECH _._ ~ 

DATE ..._...:;8...;;...,of2J04_-I 
CHECKED 
RE~EWHD~------~ 
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ROCKY FLATS/FIELD AND LAB T~TINUI\,;U 
.• 

I_ CORRECTEDS~LEDATA 'ROJECT TITLE INITIAL S~E DATA an in comcted 
'ROJECT NUMBER n.n .,.,,,nnno HEIGHT 15.250 6.004 5.915 DRY DENSITY, calc (pcf) 115.0 
;MiJ>LEIO PF-2 DIAMETER 7.087 2.790 1.780 VOLUME OF SOLIDS 405.64 
;AMPLE TYPE Bulk AREA 39.44 6.11 6.07 VOLUME OF VOIDS 188.76 
lEPTH iNTERVAL - VOLUME 601.51 36.71 36.27 VOID RATIO ·0.465 
.tACHiNE SPEED (in/min) 0.006 WEIGHT(g) 1247.17 1278.17 
:TRAiN RATE (%/min). 0.10 %MOISTURE 13.9 16.70 
:ELL PRESSuRE (psi) 86.0 SPECIFIC ORA VITY 2.70 WATER CONTENT(% MOISTURE) 
:AMPLE PRESSuRE (ps1) 80.0 MOIST DENSITY (pcf) 129.4 WT SOIL & T ARB, MOIST (g) 1278.17 
:FP. CONSOLIDATION DRY DENSITY, calc (pcf). 113.6 WT SOIL & TARE, DRY (g) 1095.24 
'RESSltRE, CJ3 (psi) 6.0 VOLUME OF SOLIDS 405.64 WTTARE(g) 0.00 
'RESSURE, a3 (psf) 864.0 VOLUME OF VOIDS 195.86 WT MOISTURE (g) 182.93 
11NAL ·o· v ALU'E 0.99 Mounting Method I Wet IVOIDRATIO 0.483 WT DRY SOIL (g) 1095.24 
10 (minutes) . 0.26 SATURATION 77.6 - %MOISTURE 16.70 

D~~ 
AXIAL PORB PWPdlange 8 CORR. CORR. DBV. SIGMA I SIGMA 1 SIOMA3 EFF.PRN ~ ~ TIMB LOAD DU(psf) %STRAIN (I -e) AREA STRESS EFF. STRRATIO (MIN) (il!lfles) (lbs) (psi)=U {au:) (%) ~ (in) (psf) Ja,l_ (a,-dU) _(17,-dU) .(a,'/a,1 (P) (Q) (A} 0.0 0.000 17 80.6 0.0 0.00 1.00 6.07 5.975 0.0 . 864.0 864.0- 864.0 1.00 864.0 0.0 0.00 0.5 . 0.003 40 82.3 244.8 0.05 1 .. 00 6.07 5.972 545.3 1409.3 1164.5 619.2 1.88 891.8 272.6 0.45 0.8 0.005 46 82.6 288.0 0.08 1.00 6.08 5.970 687.3 1551.3 1263.3 576.0 2.19 919.7 343.7 0.42 

1..5 0.009 52 82.9 331.2 0.15 1.00 6.08 5.966 829.0 1693.0 1361.8 532.8 2.56 947.3 414.5 0.40 2.0 0.012 60 83.2 374.4 0.20 1.00 6.08 5.963 1017.9 1881.9 1507.5 489.6 3.08 998.6 509.0 0.37 
2.5 0.015 62 83.3 388.8 0,25 1.00 6.09 5.960 1064.7 1928.7 1539.9 475.2 3.24 1007.6 532.4 0.37 4.2 0.025 69 83.4 403.2 0.42 1.00 6.10 5.950 1228.3 2092.3 1689.1 460.8 3.67 1074.9 614.1 0.33 8.3 0.050 73 B.U 417.6 0.84 0.99 _6.12 5.925 1317.2 2181.2 1763.6 446.4 3.95 1105.0 658.6 0.32 
12.5 0.075 77 83.5 417.6 1.26 0.99 6.15 5.900 140S.l 2269.3 1851.7 '446.4 4.15 lt4Cj.J 702.7 0.30 

!:!llllli~ji,t~~Jii,IIt 
.. :. ··-;r·· .... . ,;,.·· . ,:· 

···=·~ ;:· .. .... 'T .. 
::.I "1'm"'""''''liio-

: .li. 

4ii.6 
. . ;: 

· "iiot.9 
. ''''.;!( :-:·!!:;: .. 

.;,:.·•:;,•;", :. ·.;:::i;::·. ·t.cu . .. 
22.2 0.133 79 83.5 2.23 0.98 6.21 5.842 1437.9 1884.3 4.22 1165.4 719.0 0.29 
25.0 0.150 80 83.5 417.6 l.Sl 0.97 6:23 5.825 1456.9 2320.9 1903.3 446.4 4.26 1174.8 728.4 0.29 
29.2 o.m 80 83.3 388.8 2.93 0.97 6.25 5.800 1450.6 2314.6 1925.8 475.2 4.05 1200.5 725.3 0.27 
33.3 0.200 82 83.3 388.8 3.35 0.97 6.28 5.775 1490.2 2354.2 1965.4 475.2 4.14 1220.3 745.1 0.26 

2012.4 ' 41.7 0.250 84 83.2 374.4 4.18 0.96 6.34 5.725 1522.8 2386.8 489.6 4.11 1251.0 761.4 0.25 
50.0 0.300 86 83.0 . 345.6 5.02 0.95 6.39 5.675 1554.5 2418.5 2072.9 518.4 4.00 1295.7 777.3 0.22 
58.3 0.350 89 82.9 331.2 5.86 0.94 6.45 5.625 1607.8 2471.8 2140.6 532.8 4.02 1336.7 803.9 0.21 
66.7 0.400 90 82.9 331.2 6.69 0.93 6.51 5.m 1615.7 2479.7 2148.5 532.8 4.03 1340.6 807.8 0.20 
75.0 0.450 92 82.8 316.8 7.53 0.92 6.57 5.525 1645.0 2509.0 2192.2 547.2 4.01 1369.7 822.5 0.19 
84.7 0.508 94 82.7 302.4 8.50 0.91 6.63 5.467 16712 2535.2 2232.8 561.6 3.98 1397.2 835.6 0.18 
91.7 0.550 95 82.6 288.0 9.21 0.91 6.69 5.425 1679.9 2543.9 2255.9 576.0 3.92 1415.9 839.9 0.17 
100.0 0.600 97 82.5 273.6 10.04 0.90 6.75 S.37S 1707.1 2571.1 2297.5 590.4 3.89 1443.9 853.5 0.16 
108.3 0.6SO too 8U 273.6 10.S8 0.89 6.81 5.325 1754.6 2618.6 2345.0 590.4 3.97 1467.7 877.3 0.16 
116.7 0.700 102 82.5 273.6 11.72 0.88 6.88 5215 1780.0 2644.0 2370,4 590.4 4.01 1480.4 890.0 O.IS 
125.0 0.750 104 82.4 259.2 12.55 0.87 6.94 5.225 1804.6 2668.6 2409.4 604.8 3.98 1507.1 902.3 0.1~ 
133.3 0.800 105 82.3 244.8 13.39 0.87 7.01 5.175 1807.9 2671.9 2427.1 . 619.2 3.92 1523.1 903.9 0.14 
141.7 0.850 . 107 82.3 244.8 14.23 0.86 7.08 5.125 1831.1 2695.1 2450.3 619.2 3.96 1534.8 915.6 0.13 
tsl.3 0.908 110 82.3 244.8 1520 0.85 7.16 5.067 1870.7 2734.7 2489.9 619.2 4.02 1554.6 935.4 0.13 
158.3 0.950 110 82.2 23o.4 15.90 0.84 7.22 5.025 1855.2 2719.2 2488.8' 633.6 3.93 15612 927.6 0.12 
166.7 1.000 114 82.1 216.0 16.74 0.83 7.29 4.975 1915.8 2779.8 2563.8 648.0 3.96 . 1605.9 951.9 0.11 

DU . DEVIATORiC STRESS t;l'l'l',;\.:11, 1!. rKII'IUi'~ STRESS TECH PWM/nA 

I @FAILURE I 417.6 I @FAILURE I 1444.8 I RATIO@ FAILURE I 4.14 DATE 812/2004 

CHECKED 
REVIEwED 



•• 'fB.II\ XI,U, '-'- ul'i TEsT (ASTM D 4761) . tDA~ UNDR,UN'v.n WITII PORE r. 

'ROJECT TITLE ROCKY FLATS/FIELD AND LAB TESTING/CO lNITIAL SAMPLE DATA .£11!_ in c:omcted CORRECfED SAMPLE DATA 

·ROJECf NUMBER 043-2246-000 I HEIGIIT 15.286 6.018 ·6.014 DRY DENSITY, calc (pcf) 115.2 

·AMPLEID PF-3 DIAMETER 7.087 _2.790 2.786 VOLUME OF SOLIDS 410.61 
;AMPLE TYPE Bulk AREA ~44 _§_.!!_ 6.09 VOLUME OF VOIDS 189.99 
JEPTH iNTERVAL - VOLUME 602.91 ~ 36.65 VOID RATIO 0.463 
.1ACHiNE SPEED (in/min) 0.006 WEIGIIT(g) 1~.48 1289.18 
.TRAiN RATB (%/min) OJO %MOISTURE 1:Z.7 16.28 

:ELL PRESSliRE (psi) 83.0 SPECIFIC GRAVITY 2.70 WATER CONTENT(% MOISTUlU!) 
;AMPLE PRESSURE (psi) 80.0 MOIST DENSITY (pet) 

.. ~ WT SOIL & TARE, MOIST (g) 1289.18 
\FF. CONSOLIDATION DRY DENSITY, calc (pet) _!!Q WT SOIL & TARE, DRY (g) 1108.66 
'RESSURE, a 3 (psi) 3.0 VOLUME OF SOLIDS 41Q.61 WTTARB(g) 0.00 
'RESSU'RE, a 3 (psf) 432.0 VOLUME OF VOIDS ~ WT MOISTURE (g) 180.52 
'iNAL "8" VALUE 0.99 Mounting Method I Wet I VOIDRAT10 0.468 WT DRY SOIL (g) 1108.66 
10 (minutes) 0.28 SATURATION _2!! %MOISTURE 16.28 

ACCUM. AXIAL PORB PWPdumge 8 CORR. CORR. QBV. SIGMA I SIGMA I SIGMA3 EFF.PRN ~ ~ = PRESS. DU(psf) %STRAIN (I-s) STRESS devslr+ql EFF. STRRATIO 
_{ipes) (1~ (psi)-U _j-) (%) (in2) ._{ill}_ _jpsf) (ar) (a,-dll) (a,.dU) (a1'/a,"J (P) _jQ)_ ---.®. 0.0 0.000 . 18 79.9 0.0 0.00 1.00. 6.09 6.014 0.0 432.0 432.0 432.0 1.00 432.0 0.0 0.00 

0.5 0.003 33 80.6 100.8 0.05 1.00 6.10 6.0ll 354.3 786.3 685.5 3312 2.07 508.3 177.1 028 
1.0 0.006 43 80.9 144.0 0.10 1.00 . 6.10 6.008 590.1 1022.1 878.1 288.0 3.05 583.1 295.1 024 
1.5 0.009 48 81.0 158.4 0.15 1.00 6.10 6.005 707.8 1139.11 981.4 273.6 H9 627.5 353.9 022 
2.0 0.012 52 81.1 .172.8 020 1.00 . 6.11 6.002 801.8 1233.11 1061.0 2592 4.09 660.1 400.9 0.22 ... .,·,, . -! ·' .. · 

.. . . :.,!".:.:: .. ~ ;~-. ·:· . :··· 
. ··:(: ';, .. . =~: ,!,:: ... ... ·.' ... ,=·:!:.:;,,,: ... ·,: '· 'I' -o:OiS- .. 

Too "· .. ll06.3 42 54 81.1 tn.8 0.42 6.12 5.989 847.1 1279.1 2592 4.27 682.7 423.5 020 
8.3 0.050 53 81.2 1872 0.83 0.99 6.15 5.964 820.1 1252.1 1064.9 244.8 4.35 654.9 410.1 0.23 
12.5 0.075 52 81.3 201.6 1.25 0.99 6.17. 5.939 793.3 1225.3 1023.7 230.4 4.44 627.1 396.7 025 
16.7 0.100 50 81.4 216.0 1.66 0.98 6.20 5.914 743.5 1175.5 959.5 216.0 4.44 587.8 371.8 029 
20.8 0.125 48 81.5 230,4 2.08 0.98 622 5.889 694.1 1126.1 895.7 201.6 4.44 548.7 347.1 0.33 
25.0 O.ISO 48 81.6 244.8 2.49 0.98 6.25 S.864 691.2 ll232 878.4 187.2 4.69 532.8 34S.6 0.3S 
29.2 0.17S 48 81.6 244.8 2.91 0.97 6.28 5.839 688.2 ll20.2 875.4 1872 4.68 531.3 344.1 0.36 
33.3 0.200 47 81.7 259.2 3.33 0.97 6.30 5.814 662.4 1094.4 835.2 172.8 4.83 504.0 331.2 0.39 
41.7 0.250 47 81.7 2592 4.16 0.96 6.36 5.764 656.7 . 1088.7 829.5 172.8 4.80 sou 328.4 0.39 
so.o 0.300 48 81.7 259.2 4.99 0.95 6.41 5.714 673.5 ll05.5 846.3 172.8 4.90 509.5 336.7 0.38 
58.3 0.350. '48 81.7 259.2 5.82 0.94 6.47 5.664 667.6 1099.6 840.4 tn.8 4.86 506.6 333.8 0.39 
66.7 0.400 48 81.7 2592 6.65 0.93 6.53 5.614 661.7. 1093.7 834.5 tn.8 4.83 503.7 330.9 0.39 
no 0.450 48 81.7 2592 7.48 0.93 6.59 5.564 655.8 1087.11 828.6 172.8 4.80 500.7 327.9 0.40 
83.3 0.500 so 81.7 259.2 8.31 0.92 6.65 5.514 6932 ll252 866.0 172.8 5.01 . 519.4 346.6 0.37 
91.7 0.5SO 50 81.7 2592 9.15 0.91 6.71 5.464 687.0 1119.0 859.8 172.8 4.98 516.3 343.5 0.38 
100.0 0.600 52 81.7 259.2 9.98 0.90 6.77 5.414 7232 1155.2 1196.0 172.11 5.19 534.4 361.6 0.36 
108.3 0.650 53 81.7 259.2 ID.BI 0.89 6.83 5.364 737.6 1169.6 910.4 172.8 5.27 541.6 368.8 0.35 
116.7 0.700 53 81.7 259.2 11.64 0.118 6.90 5.314 730.7 1162.7 903.5 172.8 5.23 5382 365.4 0.35 
125.0 0.7SO 55 81.7 2592 12.47 0.88 6.96 5264 7852 11972 938.0 1n.11 5.43 555.4 382.6 0.34 
133.3 .0.800 58 81.6 244.8 13.30 0.87 7.03 5.214 1119.4 1251.4 1006.6 187.2 5.311 596.9 409.7 0.30 
141.7 0.850 58 81.6 244.8 14.13 0.86 7.10 5.164 811.6 1243.6 998.11 "1&7:2-·-- 5.34 593.0 405.8 0.30 
150.0 0.900 60. 81.6. 244.8 . 14.97 0.85 7.17 5.114 843.9 1275.9 1031.1 1812 5.51 609.1 421.9 029 
158.3 0.9SO 62 81.5. 230.4 15.80 0.84 7.24" s.o64 875:4 1307:4 1077.0 201.6 5.34 639.3 437.7 026 

.166.7 1.000 64 81.5 230.4 16.63 0.83 7.31 5.014 906.2 13382 1107.8 201.6 5.49 .654.7 453.1 0.25 

.~· 

DU -~·~·~---~STRESS r.rrr.'-u"r. PRINCIPLE STRESS TECH ~M 

@FAILURE I 171.80 I @FAILUR~ I 87:Z.07 I RATIO@ FAILURE I 4.36 I DATE .7m'94. 
CHECKED 

REVIEwED 

. - - '-. - - •-- -



,.;u ........ 

ROJECT TITLE ROCKY FLATS/FIELD AND LAB TESTING/CO 

ROJECT NUMBER 043-2246-000 I 

AMPLEID PF-2 

AMPLE TYPE Bulk 
tEP"rH lNTERV AL -
lACHINE SPEED (in/min) . 0.006 

TRAIN RATE (o/Jmin) 0.10 

:ELL PRESSURE (Psi) 89.0 
AMPLE PRESSURE (psi) 80.0. 
.FF: CONSOLIDATION 
R.EssURE, CJ] (psi) 9.0 
'RESSuRE, a, (psf) 1296.0 
fNAL •o• VALUE 0.99 Mounting MethoctJ Wet 

10 (minutes) 0.31 

ACCU'M. AXIAL PORE ~ 8 = DBFU!Cf. LOAD PRESS. DU(psf) %STRAIN 
(inches) (lbs) (IISIFU' (aa:) (%) 

0.0 ·o.ooci 13 81.2. -o:o 0.00 
o.s 0.003 31 82.3 IS8.4 O.OS 
1.0 0.006 43 83.0 2S92 0.10 
1.3 0.008 .52 83 . .5 331.2 0.13 

. ·2.0 0.012 59 83.9 388.8 0.20 
2.5 0.01S 64 84.1 417.6 O.lS 
3.5 0.021 70 84.5 4752 0.35 
7.7 0.046 80 8.5.4 604.8 0.77 
11.7 0.070 81 85.9 676.8 1.17 
lS2 0.091 82 86.2 720.0 1 . .52 
20.3 0.122 83 86.3 734.4 2.04 
24.3 0.146 83 86.3 734.4 2.44 

. . . . . : .. 
'j. .• '.''''i"'·' '' " 

32.7 0.196 8.5 862 720.0 328 
362 0211 86 862 720.0 3.63 
4.5.3 0212 . 88 86.1 70.5.6 . 4.SS 
.53.5 0.321 90 86.0 6912 .5.37 
62.0 0.372 93 U9 676.8 622 
70 . .5 0.423 94 8.5.8 662.4 7.08 
78.2 0.469 96 8.5.7 648.0 7.8.5 
87.0 0 . .522 99 8.5.7 648.0 8.73 
9.5.3 o.572 101 85.6 633.6 9.57 
103.8 0.623 103 8.5.6 633.6 lo.43 
112.2 0.673 lOS BS..S 619.2 1126 
120.0 0.720 107 85.4 604.8· 12.05 
129.0 0.774 110 8.5.4 604.8 12.9.5 
137.0 0.822 Ill 85.3 590.4 13.76 
14.5.8 0.87.5 114 8S.2 .576.0 14.64 
IS4.0 0.924 116 8.5.1 .561.6 IS.46 
166.7 1.000 119 8.5.0 S412 16.73 

DU 
@FAILURE I 734.4 I 

1 n;sr~ATw•.Nfta•-nwnlll'iiiiEr 
INITIAL SAMPLE DATA em in corrected I CORRECTED SAMPLE DATA 
HEIGHT 15.250 6.004 . 5.916 ' DRY DENSITY, calc (pcf) 
DIAMETER 7.087 2.790 2.775 VOLUME OF SOLIDS 
AREA 39:44 6.11 6.05 VOLUME OF VOIDS 
VOLUME 601.51 36.71 36.13 VOID RATIO 
WEIGHT(g) 1247.03 .275.63 

. %MOISTURE 14.0 . 16.62 

SPECIFIC GRAVITY 2.70 · WATER CONTENT(% MOISTURE) 
MOIST DENSITY (pcf) 129.4 WT SOIL .t. TARE, MOIST (g) 
DRY DENSITY, calc (pcf) 113.5 WT SOIL .t. TARE, DRY (g) 
VOLUME OF SOLIDS 405.12 WTTARE(g) 
VOLUME OF VOIDS 196.38 WT MOISTURE (g) 

I VOID_RATIO '0.485 WT DRY SOIL (g) 
SATURATION 78.0 %MOISTURE 

~ CORR. DBV. SIGMA I SIGMA! SIGMA3 BFF.PRN (o,'fflj) C!u.:..!W (I.e) HBIGHI' . dewtr+qJ BFF. 
<~i~~o 

J 

Cin2l (ill) (psf) (o,) (o,-«1) Co~ (P) (Q) 
1.00 6:0s .5.976 0.0 1296.0 1296~ 1296.0 1.00 1296.0 0.0 
1.00 6.0.5 .5.973 433.2 1729.2 1.570.8 1137.6 1.38 13S42 216.6 
1.00 6.0.5 .5.970 72.1.3 2019.3 1760.1 1036.8 1.70 1398.4 361.6 
1.00 6.0S .5.968 92S.2 22212 1890.0 964.8 1.96 1427.4 462.6 
1.00 6.06 5.964. 1081 . .5 2377.5 1988.7 9072 2.19 1447.9 S40.7 
1.00 6.06 5.961 1199.7 2495.7 2078.1 878.4 2.37 1478.3 599.9 
1.00 6.07 5.95.5 1348.0 2644.0 2168.8 820.8 2.64 1494.8 674.0 
0.99 6.09 5.930 IS71.6 2867.6 ·2262.8 691.2 3.27 1477.0 785.8 
0.99 6.12 -5.906 IS91.l 2887.1 2210.3 619.2 3.57 1414.8 79.5.6 
0.98 6.14 S.88S 1606.6 2902.6 2182.6 576.0 3.79 1379.3 803.3 
0.98 6.17 5.8.54 1621.4 2917.4 2183.0 561.6 3.89 1372.3 810.7 
0.98 6.20 .5.830 1628.7 2924.7 2190.3 S61.6 3.90 1376.0. 814.4 

.·_,-;,l ;:: ..... : ··i· i,,;:l·:· ··.' y:··: . ~ 

. ''::.:. 
. i'. 

::.:: iL:! •. ; .. :·· .. ···')653.9 ···.:· :: 

·'s76.o 0.97 6.2S .5.780 2949.9 . 2229.9 3.87 1403.0 827.0 
0.96 6.27 .5.7.59 16!i6.3 2962.3 2242.3 .576.0' 3.89 1409.1 833.1 
0.9.5 . 6.33. .5.704 1709 . .5 300S.5 2299.9 .590.4 3.90 144.5.1. 8.54.7 
0.95 6.39 5.65.5 1733.1 3029.1 2337,9 604.8 3.87 1471.3 866.S 
0.94 6.4.5 .5.604 1777.8 3073.8 2397.0 6192 3.87 1.508.1 888.9 
0.93 6.Sl s.m 1801.4 3097.4 243.5.0 633.6 3.84 IS34.3 900.7 
0.92 6 . .56 S.S07 1821.6 3117.6 2469.6 648.0 3.81 m8.8 910.8 
0.91 6.62 S.4S4 1860.6 31.56.6. 2S08.6 648.0 3.87 IS78.3 930.3 
0.90 6.69 .5.404 1884.5 3180.S 2S46.9 662.4 3.84 1604.6 9422 
0.90 6.7.5 .5.3.53 1924.3 3220.3 2S86.7 662.4 3.91 1624 . .5 962.1 
0.89 6.81 .5.303 19S2.8 3248.8 2629.6 676.8 3.89 16532 976.4 
0.88 6.87 5.2S6 1966.9 . 3262.9 26S8.1 6912 3.85 1674.7 983.S 
0.87 6.9.5 .5.202 2006.8 3302.8 2698.0 691.2 3.90 1694.6 1003.4 
0.86 7.01 .S.IS4 201S.O 3311.0 2720.6 70.5.6 3.86 1713.1 1007 . .5 
0.8.5 7.08 5.101 20.532 33492 27732 720.0 3.85 1746.6 1026.6 
o.s.s ?.IS S.OS2 2079.8 337.5.8 2814.2 734.4 3.83 1774.3 1039.9 
0.83 126 4.976 2102.1 3398.1 28.50.9 748.8 3.81 1799.8 IOSI.O 

Dt;VIATUKil,; STRESS EFFM .. II\' t; P ·.i'.S'fRESS TECH 

@FAILURE I 1637.9 I RATIO@ FAILURE I 3.92 I .DATE 
CHECKED 

REVIEWED 

;. 

115.3 

405.12 . 

186.98 

0.462 

127S.63 

1093.83 
0.00 

181.80 

1093.83 
16.62 

cA.> 
0 

0.37 
0.36 
0.36 
0.36 
0.3.5 
0.35 
0.38 
0.43 
0.45 
0.4.5 
0.4.5 
.... 

.... . " 
0.44 
0.43 
o:4t 
0.40 
0.38 
0.37 
0.36 
0.3.5 
0.34 
0.33 
0.32 
0.31 
0.30 
029 
0.28 
0.27 
026 

PWMIDA 

8/l/2o04 

I 
I 

. i 
; 

. ' 
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Consolidated Undrained Triaxial Lab Data 
From: GOLDER .ASSOCIATES INC 

Project: ROCKY FLATS/FIELD & LAB TESTING/CO 
Project Number: 043-2246.0001 
Explination of Terminology 

- \ 
·\ 

Mohr-Coulomb Failure Criteria: 

Where: 

1:.11 = c'+aJr' tan¢' 
7:.11 = c + G'.ff tan ¢ 

c', c = effective and total cohesive intercept 
+ ', + = eftective and total friction angle 

,;tr = Shear Strength on the failure surface at failure 

cr 'tr, (Jff = effective and total normal stress on the failure surface at failure . 

Stress Path Space: 

q Oi-03 Oi+03 

2 
Where: 
q = shear stress 
p', p = mean effective and total stress 

cr' • , (r• = Effective and Total Axial Stress 

cr'', cr' = Effective and Total Confming Stress 

. I 
q=a+ptanfll 

q = a+(p-Uo)tanf/1 

Where: 

p 

a', a= intercept of the q-axis in effective stress of total stress space 

2 

'I'', 'I' = angle of the failure line in effective stress of total stress spaee 
p' = mean effective stress 
p-Uo = mean total minus the initial pore pressure 

with the relationship between 'I' and cj. and a and care as fullows: 

tan('l') = sin(~) 

Printed on: 8n/2004 Golder Associates Inc. PF-l.xls.xls 



1004 

TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 

PROJECT NAME: 
PROJECT NUMBER: 

ROCKY FLATS/FIELD .AND LAB TESTING/CO 
043-2246-0001 

SAMPLEID: PF-l DEP1H: 

STRESS PATH 
4000 

sin( Ill) •tan(u) 

c•-'-
CDS( Ill) 

3000 

10:" -.. 
D. 

~ -~ 2000 
b 
• E0_$112x+ 117.58 
~ ...... ·o 

.... --···_..··· 

- _. ..... -,..,., TOTAL 
1000 ·~'' -· 
~ ~ y- 0.238x + 325.1 

0 ~ ~/3 
0 . 1000 2000 3000 5000 . 

STRESSPA1H MOHR CIRCLES 

!Hm_l~iiWr&11E~~~~~~.~~~m~m~~a~Jl~~t~!~t•rult~f. 
a 13.4 • + 13.8 • 

1 
2 
3 

2 
3 

Sample 

432 
864 
1296 

0.10 
0.10 

113.7 
113.6 
113.5 

7f6 
78.0 

Bulk 

13.7 
13.9 
14.0 

96.9 
97.2 

__ a = 325.8 ~ c = 335.5 ~ 

1J&,~iR~l2i~'flilha'1fll;f~f!i~ .. ~~.@t~v-~JiiJ.~Ill. 
·· ----a' 27.1 • +' = 30.7 • 

a' 117.6 ]lSf c' 136.8 psf 

MOHR STRESS CIRCLES 
4000 

3000 

10:" .. 
D. ...... 
rll 
rll 

~ 2000 
1-' 
rll 
=: 
< 
roil 

= rll 
1000 

EI'J'EC11VE 

_.,. ..... y D O.S948x + 136. 1 

,---,···· .... ,...-- ·TOTAL .... 
y • 0.245x + 335.4 ,..--_,...-- -~, 

r~ / 
----~ 

-y::~ 
prff I '· ' . .. · .. . . . . . 

0 

0 1000 2000 3000 4000 

NORMAL STRESS (psf) 
5000 

Soil Descriptioa. 
Brown, COARSE TO FINE SAND, scnne fine . 
gravel, some Silty clay. 

uses (SC) 1 

LL PL PI 

Commeats 
· Sample was remolded to approx. 9S"Ao oftbe 
Max. Dry Deusity, @ Opt. Moisture Con1l:lll +2%. 

• FaDure based OD effective stress ntio 
or 15"/o straia. 



Mohr data 

CONSOLIDATED UNDRAINED TRIAXIAL STRENGTII CONSOLIDATED UNDRAINED TRJ 

MOHR CIRCLE GENERATION SPREADSHEET , MOHR CIRCLE GENERATION SPRl 

PF-2 . B c A PF-2 . 
CONFINING PRESSURE USED (S3) 432 864 1296 psf CONFINING PRESSURE USED (S3) 

CONFINING PRESSURE USED (S3) 432 864 1296 -~ . CONFINING PRESSURE USED (S3) 
MAXIMUM DEVIATOR STREsS (PS 1101.6 1444.8 1637;9 psf MAXIMUM DEVIATOR STRESS~ 
(or load at 1S% strain) (or load at 1S% strain) 

dUATFAn (Sl-S3)12 (S 1 '+S3')12 cob sin phi phi dUATFAD. (S1-S3)12 . lcs 1 '+S3')12 
129.6 550.8 853.2 COH 1&2 90 0.5437007S8 33 - 129.6 SS0.8 982.8 

417.6 722.4 1168.8 COH 1&3 120 0.508487048 31 417.6 722.4 1S86.4 

734.4 819.0 138o.6 COH2&3 190 0.4S6010858 27 734.4 819,0 2115.0 
EFFECTIVE TOTAL 

TAPOINTS A B c DATA POINTS A B 
MOHR.,1 MOHR.,2 MOHR,3 MOHR.,1 MOHR.,2 

X Y,1 Y;J. Y;J X Y,1 Y). 

0 #NUM! #INUMI #NUM! 0 #INUMI I#NUMI 
10 #INUMI #INUM! #NUM! 10 tiNUMI·· tiNUMi 
20 #INUM! #INUM! #INUM! 20 tiNUMI #INUMI 

30 #INUMI #INUMJ #INUM! -. . 30 tiNUMI tiNUMJ 
40 #NUM! #INUMJ #INUMI 40 tiNUMI t#NUMI 

so #INUM! #INUMJ #NUM! so tiNUMI tiNUMl 
60 . #INUM! #NUM! #NUMI 60 #INUMI I#NUMI 
70 #INUMI #INUM! #NUMI 70 #NUMI tiNUMl 
80 #NUM! #NUMI #NUM! 80 #NUMI #INUMI 

90 #INUMI #NUM! #NUMI 90 #NUMI #INUMI 

100 #NUM! #INUM! . #NUMI 100 #INUMI tiNUMl 
110 tiNUMI #NUMt #NUM! 110 tiNUMI #INUMI 

120 #INUM! ·#INUMI #NUMI 120 #INUMI #NUMI 

130 #INUM! #INUM! #INUMI 130 #INUMI #NUMI 

140 #INUM! #INUMI #INUM! 140 #NUMI #NUMI 

1SO #INUM! tiNliMI #INUMI 1SO #INUMI tiNUMl 
160 #INUM! #INUM! #NUM! 160 #NUMI. tiNUMl. 
170 #NUM! #INUMI #NUM! 170 #NUMI t#NUMI 

180 #INUM! #INUM! #INUM! 180 #NUMI #NUMI 

190 #INUM!. #INUM!- #NUM! .. 190 #NUMI t#NUMI 

200 #INUM! .#NUM! #NUM! 200 #NUMI #NUMI 

210 #NUM! #NUMI #NUMI 210 #NUMI #NUMI 

220 #NUM! #INUMJ. #NUMI 220 #NUMI t#NUMt" 
230 #NUMI #INUM! #NUMI 230 #NUMI fiNUMI· 

240 #NUM! #NUMI #INUM! 240 #INUMI #NUMI 

250 #NUM! #NUM! #NUM! 2SO #INUMI #NUMI 

260 #NUM! #INUMI #INUM! 260 #NUMI .tiNUMJ 
270 #NUMI #NUMI #NUM! 270 tiNUMI #NUMt 
280 #NUMI #INUMI #NUMI 280 tiNUMI tiNUMl 
290 #INUM! #NUMI· #NUMI 290 #NUM! #NUMI 

300 #NUMI #INUM! #NUMI 300 tiNUMI ·#NlJMt 

310 91 #INUMI #NUM! 310 #NUM! "f#NUMJ 

320 138 -#INUMI #NUMI 320 #NUM! #NUMI. 

330 172 .#INUM! #NUM! 330 #NUM! t#NUMI 
340 200 I#NUM! #INUM! 340 #NUMI t#NUMI 
350 224 #NUM! #NUMI 3SO #NUM! #NUMI 

360 245 #NUM! . #NUM! 360 #NUMI #NUMI 

Page I 



'ROJECf TITLE 
'ROJECf NUMBER 
lAMPLEID 
iAMPLETYPE 
JEP'rH I'NTERVAL 
MCHiNE SPEED (in/min) 
iTRAJN RATE (o/Jmin) 
;ELL PREsSURE (psi) 

iAMPLE PRESSURE (psi) 

~FF. CONSOLIDATION 
'RESSURE, a, (psi) 

'REsStiR.E, a, (psi) 
;INAL "B"VALuB 
, 0 (minutes) 

TIME 
(MIN) 

ACCUM. 

(indies) 
. 0.000 

0.003 
0.006 
0.009 
0.012 
o.ou 
o.m 
0.050 
0.07.5 

r··--· .. 
ROCKY FLATS/FIELD AND LAB TESTING/CO INITIAL SAMPLE DATA 

043-2246-000 I HEIGHT 
1-----.::..:.:...=P;:;..F:.;;-3:-=;.:....-----1 DIAMETER 

Bulk AREA 
1--------~-~------~~VOLUME 

0.006 
0.10 
86.0 
80.0 

6.0 

WEIGIIT(g) 
%MOISTURE 
SPECIFIC GRAVITY 
MOIST DENSITY (pcf) 
DRY DENSITY, calc (pcf) · 
VOLUME OF SOLIDS 

864.0 VOLUME OF VOIDS 
0.99 Mounting Method! Wet I VOID RATIO 
0.23 SATURATION 

AXIAL 

(lbs) 

17 
40 
48 
52 
.58 
62 
67 
6.5 
62 

PORE 
PRESS. 
(Jm)=U 

PWPchange 
DU(psf) 
(~) 
0.0 

a 
%STRAIN 

(%) 

(t..a) 
CORR. 
AREA 
(in2) 

0.0 
0.5 
1.0 
u 
2.0 
2.5 
42 
8.3 
12.5 
16.7 0.100 58 

80.5 
81.9 
82.4 
82.6 
82.9 
83.0 
83.3 
83.7 
84.1 
84.4 

201.6 
273.6 
302.4 
34'-6 
360.0 
403.2 
460.8 
.518.4 
561.6 

0.00 
0.05 
0.10 
o.u 
020 
0.~ 

0.42 
0.83 
1.25 
1.67 

1.00 
1.00 
1.00 
1.00 
1.00 
t.oo· 
1.00 
0.99 
0.99 
0.98 

-6m 
6.07 
6.08 
6.08 
6.08 
6.09 
6.10 
6.12 
6.15 
6.17 

25.0 
292 
33.3 
41.7 
50.0 
58.3 
66.7 
75.0 
83.3 
91.7 
100.0 
108.3 
116.7 
12.5.0 
133.3 
141.7 
150.0 

1.58.3 
166.7 

O.ISO 5S 
0.17.5 5S 
0200 
0.2.50 
0.300 
0.3.50 
0.400 
0.4.50 
o.soo. 

. 0.550 
0.600 
0.6.50 
0.700 
0.7.50 
0.800 
0.8.50 
0.900 
0.9.50 
1.000 

S5 
5S 
ss 
.58 
58 
60 
62 
64 
65 
67 
67 
70 
70 
72 
74 
1S 
77 

84.7 
84.8 
84.8 
84.9 
84.9 
84.9 
84.9 
84.9 
84.8 
84.8 
84.7 
84.6 
84.6 
84 . .5 
84.4 
84.4 
84.3 
84.2 
84.2 

604.8 
619.2 
619.2 
633.6 
633.6 
633.6 
633.6. 
633.6 
6192 
619.2 
604.8 
590.4 
.590.4 
S16.0 
~1.6 

561.6 
5472 
.532.8 
S328 

2.SO 
2.92 
3.34 
4.17 
S.OI 
.5.84 
6.68 
7.51 
8.34 
9.18 
10.01 
lo.BS 
11.68 
12.52 
13.35 
14.19 
15.02 
1.5.8.5 
16.69 

0.97 
0.97 
0.97 
0.96 
0.95 
0.94 
0.93 
0.92 
0.92 
0.91 
0.90 
0.89 
0.88 
0.87 
0.87 
0.86 
0.85 
0.84 
0.83 

6.23 
6.~ 

628 
6.34 
6.39 
6.4.5 
6.51 
6.56 
6.62 
6.69 
6., 
6.81 
6.88 
6.94· 
7.01 
7.08 
7.15 
722 
129 

CORR. 

(in) 
S.99f 
5.989 
5.986 

.5.983 
5.980 
5.977 
5.967 
5.942 
5.917 
5.892 

5.817 
5.792 
5.742 
5.692 
5.642 
5.592 
5.542 
5.492 
5.442 
5.392 
5.342 
5292 
5.242 
5.192 
5.142 
5.092 
5.042 
4.992 

OEViAcoKlt; STRESS 

em 
15.253 
7.087 
39.44 

601.61 
1249.09 

12.9 
2.70 
129.6 
114.7 

409.60 
192.00 
0.469 
74.6 

DBV. 

(psf) 
0.0 

5452 
734.5 
828.8 
970.4 
1064.5 
1180.8 
1128.9 
1053.9 

in 
6.005 
2.790 
6.11 
36.?1 

864.0 
1409.2 
IS98.5 
1692.8 
1834.4 
1928.5 
2044.8 
1992.9 
1917.9 . 

878.6 1742.6 
874.9 1738.9 
871.1 
863.6 
8.56.1 
915.6 
907.4 
9432 
9782 
1012.3 
1024.4 
10.57.2 
1047.3 
1099.6 
1089.1 
1119.3 
1148.8 
IIS7.4 
118.5.5 

173.5.1 
1727.6 
1720.1 
1779.6 
1771.4 
1807.2 
18422 
1876.3 
1888.4 
19212 
1911.3 
1963.6 
1953.1 
1983.3 
2012.8 
2021.4 
2o49.5 

DU 
@FAILURE 590.4 @FAILURE .... , -9-52.-t----.1 

comcted I 
5.992 
2.780 
6.07 

36.38 
1285.69 
16.25 

SIGMA I 
EFF. 

(a,-illl) 

864.0 
1207.6 
1324.9 
1390.4 
1488.8 
1~8.5 

1641.6 
mz.t 
1399.5 
m8.5 

1137.8 
1119.7 
IIIS.9 
1094.0 
1086.5 
1146.0 
1137.8 
1173.6 
1223.0 
m1.1 
1283.6 
1330.8 
1320.9 
1387.6 
1391.5 
1421.7 
1465.6 
1488.6 
ISI6.7 

SIGMA3 

(a~ 

864.0 
662.4 
590.4 
561.6 
518.4 
504.0 

.460.8 
4032 
345.6 
302.4· 

'2592" 
244.8 
244.8 
230.4' 
230.4 
230.4 
230.4 
230.4 
244.8 
244.8 
~9.2 

273.6 
273.6 
288.0 
302.4 
302.4 
316.8 
331.2 
331.2 

-·;;, _____ ~--...;: 

CORRECTED SAMPLE DATA 
DRY DENSITY, calc (pcf) 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 

115.7 
409.60 
186.60 

VOID RATIO 0.456 

WATER CONTENT(% MOISTU'RE), ____ ...., 
WT SOIL & TARE, MOIST (g) 
WT SOIL & TARE, DRY (g) 
WTTARE(g) 
WT MOISTURE (g) 

WT DRY SOIL (g) 
%MOISTURE 

EFF.PRN 
STRRATIO 

(a,'l a,') 
1.00 
1.82 
2.24 
2.48 
2.87 
3.11 
3.~ 

3.80 
4.05 
4.16 

4.39 
4., 
U6 
4., 
4.n 
4.97 

.4.94 

5.09 
5.00 
'-14 
4.95 
4.86 
4.83 
4.82 
4.60 
4.70 
4.63 
4.49 
4.58 

~ 

(P) 
864.0 
93.5.0 
9.57.6 
976.0 
1003.6 
1036.3 
10.512 
967.6 
872.5 
780 . .5 

698 . .5. 

682.2 
680.4 
6622 
658.4 
6882 
684.1 
702.0 
733.9 
751.0 
771.4 
802.2 
1912 
837.8 
847.0 
862.1 
8912 
909.9 
923.9 

~ 

(Q) 

o.o
zn.6 
367.2 
414.4 
48.5.2 
532.3 
590.4 
564.4 
526.9 
478.1 

12S5.69 
1105.93 

0.00 
179.76 
1105.93 
16.25 

(A) 

0.00 
0.37 
0.37 
0.36 
0.36 
0.34 
0.34 
0.41 
0.49 
0.59 

. .;,i!:::·:···:· ••:;,;:: •:::;;::;;;:. 
439.3 U.OY 

437.4 0.71 
435.6 0.71 
431.8 0.73 
428.0 0.74 
4.57.8 0.69 
453.7 0.70 
471.6 0.67 
489.1 0.63 
506.2 0.61 
.512.2 0.59 
528.6 0.~ 

523.6 . 0.56 
549.8 0.52 
544.6 0 . .52 
559.7 0.50 
,4.4 0.48 
,8.7 0.46 
.592.7 0.45 

EFFECTIVE PRINCIPLE STRESS 
RATIO@FAILURE I 4.48 I 

TECH PWMISDM 
DATE 

CHECKED 
REviEwED t-------4 



•• 
'ROiECT TITLE 
'ROJECT NUMBER 
lAMPLEID 
lAMPLETYPE 
lEP'rH i'NTERVAL 
MCHiNE SPEED (in/min) 
:tRAIN RATE (%/min) 
:ELL PRESSllRE (psi) 
!AMPLE PRESSURE (psi) 
~FF. CONSOLIDATION 
'RESSURE, a3 (psi) 
'RESSllRE, <TJ (psf) · 
:INAL "B" VALUE 
so (minutes) 

TIMB 
(MIN) 
0.0 
0.5 
1.0 \ 

I.S 
2.0 

ACCUM. 
DEFLBCf. 

(indies} 
0.000 

0.003 
0.006 
0.009 
0.012 

2.5 0.015 
42 0.02.5 
83 0.0.50 

ill~~~~'- ·.;:;:~.;~;;,~~~ ( .· .. 
16.7 0.100 
20.8 0.125 
25.0 0.1.50 
29.2 0.175 
33.3 
41.7 
50.0 
58.3 
66.7 
75.0 
83.3 
95.8 
100.0 
108.3 
116.7 
125.0 
133.3 
141.7 
1.50.0 
158.3 
169.2 

0200 
0.250 
0.300 
0.3.50 
0.400 
0.4.50 
0-'00 
0.57.5 
0.600 
0.6.50 
0.700 
0.7.50 
0.800 
0.8.50 
0.900 
0.950 
1.015 

. .. . 

TRJ,..Yt.u,,._._ I TEST (ASTM D 4761) \.:Ul'IIISULIDATED ITNnAAJNJr.D wtru PORE 

1------.!! "'~H~""""~~ """~"~-----J HEIGHT 
._ ____ --=:J'~!_·-i--._3=-----'-----l DIAMETER 

Bulk AREA 
~----------~-~----------_,VOLUME 

0.006 
0.10 

WEIGHT(g) 
%MOISTURE 

89.0 
80.0 

9.0 

SPECIFIC GRAVITY 
MOIST DENSITY (pcf) 
DRY DENSITY, calc (pcf). 
VOLUME OF SOLIDS. 

1296.0 VOLUME OF VOIDS 
1.00 Mounting Methodl Wet . I VOID RATIO 
0.11 SATURATION 

AXIAL 
LOAD 
Obs} 
20 
38 
.56 
.58 
63 
69 
80 
92 

90 
89 
89 
89 
89 
90 
90 
92 
94 
9.5 
97 
100 
102 
104 
10.5 
107 

'110 

112 
114 
11.5 
117 

PORE 

{Psi)-U 
80.9 
82.1 
83 . .5 
83.6 
83.9 
84.3 
84.7 
85.1 

85.4 
85.6 
8.5.7 
8.5.8· 
85.8 
85.8 
85.8 
85.9 
85.8 
85.8 
85.7 
8.5.6 
85.6 
8S.S 
85.5 
8.5.4 
85.3 
85.2 
85.1 
85.0 
84.9 

PWPchange 
DU(psf) 

(ace} 
0.0 

ln.B 
374.4 
388.8 
432.0 

·489.6 
547.2 
604.8 

.,; .. 
' · '648.o ;, · · 

676.8 
691.2 
70.5.6 
70.5.6 
70.5.6 
70.5.6 
720.0 
70.5.6 
70.5.6 
6912 
676.8 
676.8 
662.4 
662.4 
648.0 
633.6 
6192 

604.8 
.590.4 
516.0 

B 

%STRAIN 
(%} 

0.00 
0.05 
0.10 
0.1.5 
0.20 
02.5 
0.42 
0.84 

1.68 
2.10 
2 . .52 
2.94 
3.36 
4.20 
5.04 
.5.88 
6.72 
7 . .56 
8.40 
9.67 
10.09 
10.93 
11.77 
12.61 
13.45 
14.29 
15.13 
15.97 
17.06 

(I.e) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.99 

0.98 
0.98 
0.97 
0.97 
0.97 
0.96 
0.9.5 
0.94 
0.93 

. 0.92 
0.92. 
0.90 
0.90 
0.89 
0.88 
0.87 
0.87 
0.86 
0.8.5 
0.84 
0.83 

CORR. 

AREA 
(In 2} 
6.04 
6.05 
6.05 
6.05 
6.06 
6.06 
-6.07 
6.09 

6:J5!ii!: ' 

6.17 
6.20 
623 
6.25 
6.31 
6.36 
6.42 
6.48 
6.54 
6.60 
6.69 
6.72 
6.78 
6.85 
6.91 
6,98 
7.05 
7.12 
7.19 
729 

CORR. 

(i!l} 
.5.949 
.5.946 
.5.943 
5.940 
5.937 
5.934 
5.924 
.5.899 

.5.849 

.5.824 

.5.799 

.5.774 

.5.749 

.5.699 

.5,649 

.5 . .599 

.5 . .549 

.5.499 

.5.449 

.5.374 
5.349 
.5299 
.5249 
.5.199 
5.149 
.5.099 
.5.049 
4.999 
4.934 

Ill!. Y an a " .... ~ STRESS 

em 
15.174 
7.087 
39.44 

598.50 
1251.14 

12.7 
2.70 
13o.4 
115.7 

411.10. 
187.40 
0.456 
75.3 

DEV. 
STRESS 

(JIIIO 
0.0 

428.7 
8.57.0 
904.2 
1022.6 
1164.7 
1423.8 
1701.3 

1640.0 
1609.7 
1602.8 
159.5.9 
1589.0 
1598.0 
1.584.0 
1614.8 
1644.8 
16.52.0· 
1680.7 
1722.1 
1757.0 
1783.0. 
1787.2 
1811.8 
18.56.3 
1879.1 
.1901.1 
1902.3 
1917.1 

DU 
@FAILURE @FAILURE r-l ~.~69::-:-4.-:-1 ...,l 

in 
5.974. 
2.790 
6.11 
36.52 

SIGMA I 
cfewtrl.cp 

_(C!!)_ 
1296.0 
ln4.7 
2153.0 
22002 
2318.6 

corrected / 
5.949 
2.774. 
6.04 
35.95 

1286.74 
15.92 

SIGMA I 
EFF. 

(o,-<IU) 

1296.0 
ISSI.9 
1778.6 
1811.4 
1886.6 

24611.7 1971.1 
2719.8 2172.6 
2997.3 2392 . .5 

SIGMA] 
EFF. 

_{lrtdU) 
1296.0 
11232 
921.6 
9072 
864.0 
806.4 
748.8 
6912 

CORRECTED SAMPLE DATA 
DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID RATIO 

117.6 
411.10 
178.00 
0.433 

WATER CONTENT(% MOISTURE)~~~-; 
WT SOIL & TARE, MOIST (g) I286.74 
WTSOIL&TARE,DRY(g) 1109.98 
WT TARE (g) 0.00 
WT MOISTURE (g) 176.76 

wt DRY SOIL (g) 1109.98 
% MOISTu'RE 1.5.92 

1.00 
1.38 
1.93 
2.00 
2.18 
2.44 
2.90 
3.46 

(P} 

1296.0 
1337.6 
13.50.1 
13.59.3 
137.5.3 

~ 

(Q} 
0.0 

214.4 
428.5 
4.52.1 
.511.3 

1388.8 .582.4 
1460.7 711.9 
1.541.9 8.50.7 

(A} 
0 

0.40 
0.44 

.0.43 
0.42 
0.42 
0.38 
0.36 

2936.0 ... 2288.0 . 648.0 3 . .53 
3.60 
3.6.5 
3.70 

· 1468:o:![:i!!:m, ;i;;:::'11!82il.o r ...... , ........ ,o.4o 
0.42 
0.43 
0.44 
0.44 
0.44 
0.45 
0.4.5 
0.43 
0.43 
0.41 
0.39 
0.39. 
0.37 
0.37 
0.36 
0.34 
0.33 
0.32 
0.31 
0.30 

290.5.7 2228.9 6192 
2898.8 2207.6 
2891.9 2186.3 
288.5.0 
2894.0 
2880.0 
2910.8 
2940.8 
2948.0 
2976.7 
3018.1 
30.53.0 
3079.0 
3083.2 
3107.8 
31.52.3 
317.5.1 
3197.1 
3198.3 
3213.1 

2179.4 
2188.4 
2174.4 
2190.8 
223.5.2 
2242.4 

. 2285 . .5 

2341.3 
23762 
2416.6 
2420.8 
24.59.8 
2518.7 
25.5.5.9 
2592.3 
2607.9 
2637.1 

604.8 
.590.4 
.590.4, 3.69 
.590.4 3.71 
.590.4 3.68 
.576.0 3.80 
.590.4 3.79 
.590.4 3.80 
604,8 3.78 
6192 3.78 
619.2 3.84 
633.6 3.81 
633.6 3.82 
648.0 3.80 

_6§.2~~-- 3.80 
676.8 3.78 
6912 3.7.5 
70.5.6 3.70 
720.0 3.66 

t;lf.l<I!;{.;'IIVJI; PRINCIPLE STRESS 
RATIO@FAILURE. I 3.56 I 

1424.0 804.8 
1406.2 801.4 
1388.3 797.9 
1384.9 
1389.4 
1382.4 
1383.4 
1412.8 
1416.4 
144.5.1 
1480.3 
1497.7 
1.525.1 
1.527.2 
ISS3.9 
1.590 . .5 . 
1616.3 
·1641.8 
16.56.8 
1678.6 

794 . .5 
799.0 
792.0 
807.4 
822.4 
~6.0 

840.3 
861.1 
878.S 
891.S 
893.6 
90.5.9 
928.1 

. 939.5 
9.50.6 
9.512 
958.6 

TECH D\1/U/<;!1'\U 

DATE .,,.,annnA 

CHECKED 1------1 
REVIEwED 
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TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASfMD4767 

3000 

2500 

2000 

1500 

1000 ~ 
( 
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0 
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~ ..... 
~ 
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0 

0 2 
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0 ~ 

·500 
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PROJECT NAME: 
PROJECT NUMBER: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-2246-0001 

SAMPLED>: PF-2 

STRESS-STRAIN CURVE 

6 10 12 14 16 

-J.STRAIN 

STRESS RATIO-STRAIN CURVES 

6 I 10 12 14 16 

%STRAIN 

PORE PRESSURE-STRAIN CURVE 

6 I 10 12 14 16 

•;.STRAIN 

DEPlH: 

3 - J. 

I 

II 20 

II '20 

3 

~2 

I 

II 20 

I 

Bulk 

SoD Descriptio& 
Brown, COARSE TO FINE SAND, some fine 
gravel, some silty clay. 

LL PL ·PI 

Commeats 
Sample was remolded to approx. 95% of the 
Max. Dry Density,@ Opt. Moisture Con1ent +2~. 

• Failure based oa effective stras ntio 
or JS·~ stnia. 

=1~------
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TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 

PROJECT NAME: 
PROJECT NUMBER: 
SAMPLEID: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-2~1 

PF-3 DEP1H: 

STRESS PAm 

3~~------~---------~------------------~------------------~---------------~ 
l.ln(~) •llln(u) 

a c•--
cos(~) 

~+-------------~---~------------------+-------------------+------------------; 

EFFEC11VE 

y a 0.4977x + 96.265 

1~+-------------------+----------~~~···-··+----~------------+------------------; 
TOrAL 

y•0.3373x +97.232 

0 I~ 2000 4000 

P (a1 + a3) /2 (psf) 

STRESSPAlH MOHR CIRCLES 

10 
74.6 
75.3. 

Bulk 

99.3 

t~lllllll!t~i~~\~2!~{11if~i.*~~iii&IL~i:S~it~Jirl~l~fr~ 
Cl 18.6. • 19.7. 

rrairsmd8:rJ&JBii~~~~~l!l'~~,_~~~, 
-- Cl. 26.5 • • • = 29.8 • 

8 • 96.3 'CISf c • 111.0 DSf 

MOHR STRESS CIRCLES 
3~~------------------~----------------r----------------~--------------, 

~+---------------+-----------------r----------~~-r-~~eRwr-----; 

D I~ 2000 ·3~ 4000 

NORMAL STRESS (psf) 

SoU Descriptioa 
Browri, COARSE 10 FINE SAND, some fine 
gravel, some silty clay. 

uses .£~ J 

LL PL PI 

Commeats 
Sample was remolded to approx. 95% of the 
Max. Dry Deusily,@ Opt. Moisture Conteut +2%. 

• Failure based oa effective stress ratio 
or 15% straia. 



Mohr data 

CONSOLIDATED UNDRAINED TRIAXIAL STRENGTH . CONSOLIDATED UNDRAINED TRI 

MOHR CIRCLE GENERATION SPREADSHEET MOHR CIRCLE GENERATION SPRI 

PF-3 - B c A PF-3 -
CONFINING PRESSURE USED (S3) 432 864 1296 psf CONFINING PRESSURE USED (S3) 

CONFINING PRESSURE USED (S3) 432 864 1296 psi CONFINING PRESSURE USED (S3) 

MAXIMUM DEVIATOR STRESS (PS 872.1 9S2.1 1694.1 psf MAXIMUM DEVIATOR STRESS~ 

(or load at IS% strain) (or load at IS% strain) 

dUATFAil (Sl-S3)f2 (Sl'+S3jf2 cob sin phi phi .dUATFAD. (Sl-S3)12 i(Sl'+S3')12 

172.8 436.0 69S.2 COH 1&2 -80 0.73S278001 47 172.8 436.0 868.0 

S90.4 476.0 749.6 COH 1&3 90 O.S048001S6 30 S90.4 476.0 1340.0 

\633.6 847.1 IS09.5 COH2&3 110 0.488299892 29 633.6 847.1 2143.1 
'·t EFFEC11VE · TOTAL 

rrAPOINTS A B c DATA POINTS A B 
MOHR, I MOHR,2 MOHR,3 MOHR, I MOHR,2 

x. . Y,l Y). Y;3 X Y,l Y). 

0 ##NUMI #NUM! #NUM! 0 #NUMJ tiNUMI 
10 ##NUMI #NUM! #INUM! 10 #INUMI IINUMI 
20 #NUM! #INUM! #INUM! 20 #INUMI IINUMI 
30 t#NUM! #NUM! tiNUMI 30 #INUMI #INUMI 

40 #NUMI #INUMI #NUM! 40 #INUMI IINUMI 
so #INUMI #INUMI tiNUMI so #NUM! tiNUM! 
60 #NUM! #INUMI tiNUM! 60 #INUMI #INUMI 

70 #INUM! #NUM! #NUM! 70 #INUMI #INUMI· 

80 #NUMI ##NUMI. #NUMI 80 #INUMI IINUMI 

90 #NUMI tiNUMI tiNUMI 90 #INUMI IINUMI 

100 t#NUM! #INUMI iiNUMI ioo #INUMI IINUMI 

110 ##NUMI tiNUMI IINUMI 110 #INUMI IINUMI 

120 ##NUMI tiNUMI IINUM! 120 #NUMI #NUMI 
130 . #NUMI IINUMl IINUMl 130 #NUMI IINUMI 

140 #NUMI IINUMl tiNUMI 140 tiNUMI IINUMI 
ISO #NUM! tiNUMI #NUMI ISO tiNUMI tiNUMI 

160 #NUMI #NUM! #NUMI 160 #NUMI ~I 

170 #NUMI iiNUM! #NUM! 170 #INUMI IINUMI 

180 #INUMI #NUMI .fiNUMJ 180 #NUMI #NUMI 

190 t#NUM! tiNUMI IINUMl 190 #INUMI #NUMI 

200 #INUM! #INUM! #NUM! 200 #NUMI #INUMI 

210 #INUMI IINUMI #INUMI 210 tiNUMI IINUMI· 

220 #INUMI #NUMI #INUM! 220 tiNUMI #INUMI 

230 tiNUMI #NUMI #NUM! 230 IINUMl IINUMI 

240 #INUMI iiNUMI #NUMI 240 #NUMI #INUMI 

2SO #INUM! #NUMI #INUMI 2SO #INUMI IINUMI 

260 26 IINUMI #INUM! 260 #INUMI fiNUMt· 

270 96 #NUMI' #INUMI 270 #INUMI #INUMI 

280 133 78 #NUMI 280 #INUMI #NUMI 

290 161 124 #INUMI 290 #NUMI IINUM! 

300 184 IS6 #NOM! 300 #NUMI f#NUMI· 
310 204 183 .#NUM! 310 t#NUMI #INUMI 

320 222 lOS #NUMI 320 IINUMI IINUMI 

330 238 22S #NUM! 330 #NUMI IINUMI 

340 2S3 243 #NUM! 340 #NUMI IINUMI 

3SO 266 2S9 tiNUM! 3SO #NUMI IINUMI 

360 279 273 #INUMI 360 #NUMI IINUMI 

Page 1 



I 

'R.OJEC't TITLE 
'ROJECT NUMBER 
iAMPLBID 
iAMPLBTYPB 
>EPTH INTERVAL 
.tACHINB SPEED (in/min) 
iTRAI'N RATE (ONmin) 
;ELL PRESSU'RE (psi) 
iAMPLE PRESSURE (psi) 

~FF. CONSOLIDATION 
•RESsuRB. a, (psi) 

'RESSURB, a, (psi) 

'iNAL "B" V ALUB 
·50 (minutes) 

ROCKY FLATS/FIELD AND LAB TESTI}IIG/CO INITIAL SAMPLE DATA 

1-----..:04..:.:3:..:-2=2:..:.;46;...00=0.:..1 ____ ~ HEIGHT 
1------__;,P.;.F,_-..;.4 _____ --l DIAMETER 

Bulk AREA 
1----------~-~----------~VOLUME 

0.006 
0.10 
83.0 
80.0 

3.0 

WEIGHT(g) 
%MOISTURE 
SPECIFIC GRAVITY 
MOIST DENSITY (pci) 

DRY DENSITY, calc (pci) 
VOLUME OF SOLIDS 

432.0 VOLUME OF VOIDS 
l-.00 Mounting Method I Wet I VOID RATIO 
0.21 SATURATION 

em 
15.225 
7.087 
39.44 

600.50 
1266.11 

12.8 
2.70 
131.6 
116.6 

415.68 
184.83 
0.445 
77.8 

in 
5.994 
2.790 
6.11 
36.65 

corrected 1 
5.982 
2.785 

36.45 
1300.91 
15.91 

CORRECTED SAMPLE DATA 
DRY DENSITY, calc (pci) 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID RATIO 

. ·. . . 

117.2 
415.68 
181.63 
0.437 

WATER CONTENT(% MOISTURE),r------. 
WT SOIL & T ARB, MOIST (g) 
WT SOIL & TARE, DRY (g) 
WTTARB(g) 
WT MOISTURE (g) 
WT DRY SOIL (g) 
%MOISTURE 

1300.91 
1122.33 

0.00 
178.58 
1122.33 

15.91 

AccuM. AXIAL PORB PWPdiiiiiF a COIOC CORR. DBV. SlOMA I SiGMAt SIOMA3 EFF.PRN ~ (S4:.llJ) 
~~~ DEFLECT. LOAD OU(psi) %STRAIN (1-s) HEIGHt STRESS devstr+ql BFF. BFF. RATIO 
!MIN) (inches) (lbs) (psiP.U (ace) (%) (in ll (inl (psi) (a1) (a,~ (ardlJ) (a,'! a,') (P) (Q) (Al 
0:0 0.000 13 81.4 0:0 0.00 1.00 6.09 5.982 0.0 432.0 432.0 432.0 1.00 432.0 0.0 0:00 
o.s 0.003 34 82.8 201.6 o.os 1.00 6.10 5.979 507.8 939.8 738.2 23o.4 3.20 484.3 253.9 0.40 
1.3 0.008 42 83.0 230.4 0.13 1.00 6.10 5.974 691.5 1123.5 893.1 201.6 4.43 547.4 345.8 0.33 
1.8 0.011 46 83.1 244.8 0.18 1.00 6.10 5.971 780.8 1212.8 968.0 1872 5.17 577.6 39D.4 0.31 
2.3 0.014 49 83.2 259.2 023 1.00 6.11 5.968 858.2 12902 1031.0 172.8 5.97 601.9 429.1 0.30 
2.7 0.016 52 83.2 259.2 0.27 1.00 6.11 5.966 926.3 1358.3 1099.1 172.8 6.36 635.9 463.1 028 
32 0.019 54 83.1 244.8 0.32 1.00 6.11 5.963 980.0 1412.0 11672 1872 624 6712 . 490.0 025 

~~~~~~~~~~~~~~~j~;lll~l~t~mll~~~~~~~~~1~~imtl~~~~~~~irn,l•-'ll===~~=~~~,=~·,_,,,ll·~-,-~~l~--~--~~~il~~~~~~~i~~~~~~;I~B.~~~~~~~~~·~-~-·c~,.!i~~m~;l"lli~·~,~~;·i~~-1m·~~Mii~;l~1~~~~~~~~~~~ili~~il111~~:111:1 ·:!! 8.o o.048 ·'·" ,:; ' '~, •• ,,,, ·· ill!i. :,82:~;i!,:ih,,i:, ; \44.o,·' :,,,, "1:. ·· o.so o.99 6.14":>.':~'':' ·· ·s:934' mo.8 ·, ''\8ii8 t66ii:il . 288.o · • ···s:,9 . ·nsx 690.4 o:iO'i"'""''"'; 
122 0.073 80 8l.S 14.4 1.n 0.99 6.17 5.909 1S78.1 2010.1 199S.7 417.6 4.78 1206.6 789.0 0.01 
15.8 0.095 85 80.8 -86.4 1.59 0.98 6.19 5.887 1683.8 2115.8 nou st8.4 4.25 t360.3 841.9 ~.os 
20.2 0.121 87 80.4 -144.0 2.02 0.98 622 S.861 1734.3 2166.3 231().3 576.0 4.01 1443.1 867.1 ~.08 
24.7 0.148 89 80.2 -172.8 2.47 0.98 6.25 5.834 . 1770.1 n02.1 2374.9 604.8 3.93 1489.8 88S.O ~.10 
28.8 0.173 91 80.1 -187.2 2.89 0.97 6.27 s.809 1801.5 2233.5 2420.7 619.2 3.91 1s2o.o 900.8 ~.to 
33.2 0.199 92 80.0 -201.6 3.33 0.97 6.30 S.783 1825.4 2257.4 2459.0 633.6' 3.88 IS46.3 912.7 ~.II 
37.0 0.222 94 80.0 -201.6 3.71 0.96 6.33 5.760 1854.6 2286.6 2488.2 633.6 3.93 1560.9 927.3 ~.11 
45.5 0273 96 79.8 -230.4 4.56 0.9S 6.38 5.709 1878.8 2310.8 25412 662.4 3.84 1601.8 939.4 ~.12 
54.0 0.324 98 · 79.6 -2592 S.42 0.95 6.44 S.6S8 1906.7 2338.7 2597.9 691.2 3.76 1644.5 953.3 ~.14 
62.2 0.373 100 79.6 -2592 6.24 0.94 6.50 5.609 1932.3 2364.3 2623.5 6912 3.80 16S7.3 966.1 ..{1.13 
70.5 0.423 102 . 19.5 -273.6 7.07 0.93 6.56 S.S59 196S.6 2397.6 l671.2 705.6 3.79 1688.4 982.8 ..{1.14 
78-' 0.471 104 79-' -273.6 1.81 0.92 6.61 S-'11 1998.7 2430.7 2704.3 705.6 3.83 1704.9 999.3 ..{1.14 
872 0.523 106 79.3 "302.4 8.74 0.91 6.68 5.459 2016.S 2448.5 27.$0.9 734.4 3.75 1742.6 1008.2 ~.IS 
95.1 . 0.574 108 79.3 -302.4 9.60 0.90 6.74 . 5.408 2029.7 2461.1 2764.1 734.4 3.76 1749.2 1014.8 ..{1.15 
104.0 0.624 110 79.3 -302.4 10.43 0.90 6.80 5.358 2057.5 2489.5 2791.9 734.4 3.80 1763.1 1028.7 ~.15 
112-' 0.675 112 79.1 -331.2 11.28 0.89 6.87 5.301 2086.1 2518.1 2849.3 763.2 3.73 1806.3 1043.1 -0.16 
1202 0.121 m 79.0 -345.6 12.os o.88 6.93 s.261 2134.6 2S66.6 2912.2 m.6 3.75 1844.9 1067.3 ~.16 
129.0 o.774 111 79.o -345.6 12.94 o.87 1.00 s2o8 2139.8 2571.1 2917.4 -m.6... 3.75 1847.s 1069.9 ..{1.16 
137.5 . 0.825 119 78.8 -374.4 13.79 0.86 7.07 S.IS7 2159.6 2591.6 2966.0 806.4 3.68 1886.2 1079.8 ~.17 

145.8 0.875 121 78.8 -374.4 14.63 0.85 7.14 5.107 2183.0 2615.0 2989.4 806.4 3.71 1897.9 1091.5 ..{1.17 
154.5 o.m 123 78.8 -374.4 ts:so o.8s 1.21 s.oss no8.7 2640.7 3015.1 806.4 3.74 1910.8 1104.4 ~.11 

DU 
@FAILURE 

.. 

DEVrATO~ • 
@FAILURE I 1038.10 I 

- .. • --- -!-£-- ·--

EFFKCTI\' t; I'KINl:II'LE ~ESS TECH PWMISDM 
RATIO@FAILURE 6.55 DATE 8/s/04 

CHECKED 
REViEWED 1-----t 



• 
'ROJECT TITLE 
'ROJECT NUMBER 
)AMPLEID 
;AMPLE TYPE 
JEPTH iNTERVAL 
\oiACHINE SPEED (in/min) 
;TRAiN RATE (o/almin) 
::ELL PRESSU'RB (psi) 
;AMPLE PRESSuRE (psi) 
~FF. CONSOLIDATION 
:>RESSURE, a3 (psi) 
"RESSURE, a 3 (pst) 

FiNAL "8" VALUE 
:so (minutes) , 

I TEST (ASTM D 4767) 

ROCKY FLA'a illrn:~LD AND ~I!_!= fiNUK.;U INITIAL SAMPLE OAT A 
n.t1_??At;.nnl)l HEIGHT 

PP- 4 DIAMETER 
_IJuJ! AREA 

- VOLUME 
1-~0.00~6-r----------~ WEIGHT(g) 

0.10 %MOISTURE 
86.0 SPECIFIC GRAVITY 
80.0 MOIST DENSITY (pcf) 

6.0 
DRY DENSITY, c:alc (pcf) 
VOLUME OF SOLIDS 

864.0 VOLUME OP VOIDS 
0.99 Mounting Method! Wet I VOID RATIO 
0.19 SATURATION 

an 
15.243 

7.087 

39.44 

601.21 

1266.07 

12.9 

2.70 

131.4 
116.4 

415.45 

185.76 

0.447 
77.7 

in 
6.001 

2.790 

6.11 

36.69 

comcted I 
5.989 

2.778 

6.06 

36.31 

1297.87 

15.70 

CORRECTED SAMPLE DATA 
DRY DENSITY, c:alc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID RATIO 

117.6 

415.45 

179.56 

0.432 

WATER CONTENT(% MOISTURE) ___ .., 
WT SOIL & TARE, MOIST (g) 
WT SOIL & TARE, DRY (g) 
WTTARE(g) 
WT MOISTuRE (g) 
WT DRY SOIL (g) 
%MOISTURE 

1297.87 

1121.71 
0.00 

176.16 

1121.71 
15.70 

TIME 
(MIN) 

ACCUM. AXiAL PORB PWPdlanee s CORR. CORR. DEV. SIGMA I SIGMA I SIGMA3 EFF.PRN ~ 
PRESS. DU %STRAIN (l-6} STRESS EFF. STRRATIO 

0.0 
0.5 
0.8 
1.3 
2.2 
2.8 
3.3 
3.8 

(inches) Obs) (psi)o=U ~ (%) (in 2) (in) (psi) _!1J1) (o,~ JorcllJ) (o
1
'/ oj) (P) (Q) CAl 

0.000 13 81.1 0.0 0.00 1.00 6.06 S.989 0.0 864.0 864.0 864.0 1.00 864.0 0.0 0.00 
0.003 41 82.7 230.4 O.OS 1.00 6.07 S.986 66l3 IS26.l 129S.9 633.6 2.0S 964.8 331.2 0.3S 
0.005 46 83.0 273.6 0.08 1.00 6.07 S.984 776.0 1640.0 1366.4 S90.4 2.31 978.4 388.0 0.35 
0.008 S4 83.4 331.2 0.13 1.00 6.07 S.981 972.S 1836.S !SOB S32.8 2.83 1019.1 486.3 0.34 
0.013 6S 83.9 403.2 0.22 1.00 6.08 S.976 1239.S 2103.S 1700.3 460.8 3.69 1080.6 619.8 0.33 
0.017 70 84.0 417.6 0.28 1.00 6.08 S.972 1342.9 2206.9 1789.3 446.4 4.01 1117.9 67l.S 0.31 
0.020 74 · 84.1 432.0 0.33 1.00 6.08 S.969 1446.4 2310.4 1878.4 432.0 4.3S IISS2 723.2 0.30 
0.023 78 · 84.1 432.0 0.38 1.00 6.09 S.966 IS33.2 23972 196S2 432.0 4.55 1198.6 766.6 028 

,~~~1~2.J~~~,tli~::;.;~·'•io~"."~·~·4~,····1:~•1i:l··l\~'m~·.!·iii',~"TII ... ,illl •• ·'~'~si~:s~:,.~,.·~··l,r~m .. 2~M.·~.·j•~• ... ml· .. m ·l'·ill·:~"'''~·''i~.2~4i .. ··~~·l·ffi~o~.w~~~m~6~i:J4~·i··l'·l~"l''~·i~9l~5~l~~~1~~~··!'··•j:.~·~:~.~~06~2~·]1.,i •. :~~28~t7~2~~il~i~6HI9~2~~1:~i~4~.5~5~~l'li~l•7~n~8~.2~~~~i~,~ow~.·o~~~~!'~o~.I;!~~~11I 
16.0 0.096 107 82.5 201.6 1.60 0.98 6.16 5.893 2210.9 3074.9 2873.3 662.4 4.34 1767.9 IIOS.5 0.09 
20.7 0.124 109 82.3 tn.8 2.07 0.98 6.19 S.865 2228J 3092.3 2919.5 6912 4.22 1805.4 1114.2 0.08 
24.8 0.149 110 82.2 158.4 2.49 0.98 6.22 5.840 2239.7 3103.7 294S.3 . 705.6 4.17 182'-4 1119.8 0.07 
29.0 0.174 110 82.1 144.0 2.91 0.97 6.24 S.81S 2243.9 3107.9 2963.9 720.0 4.12 1842.0 1122.0 0.06 
33.0 0.198 110 82.0 129.6 3.31 0.97 6.27 S.791 2241.5 3105.5 2975.9 734.4' 4.0S 1855.2 1120.8 0.06 
36.8 0221 Ill 81.9 IIS.2 3.69 0.96 629 5.768 22532 31172 300l0 748.8 4.01 1875.4 1126.6 0.05 
45.7 0.274 113 82.0 129.6 4;58 0.95 6.3S 5.71S 2271.0 3135.0 3005.4 734.4 • 4.09 1869.9 1135.S 0.06 
S3.8 · 0.323 liS 81.9 IIS2 5.39 0.9S 6.41 · S.666 2289.8 3153.8 3038.6 748.8 4.06 1893.7 1144.9 0.05 
62.5 0.375 117 81.9 IIS.2 6.26 0.94 6.47 5.614 2317.7 3181.7 3066.5 748.8 4.10 1907.7 IIS8.9 . 0.05 
70.8 0.425 119 81.8 100.8 7.10 0.93 6.53 S-'64 2332.4 3196.4 3095.6 763.2 4.06 1929.4 1166.2 0.04 
78.5 0.471 120 81.8 100.8 7.86 0.92 6.58 S.SI8 23S4.7 3218.7 3117.9 7632 4.09 1940.6 1177.4 0.04 
87J 0.524 t23 81.7 86.4 8.75 o.9t 6.64 5.465 2390.6 3254.6 3168.2 m.6 4.07 t972.9 119S.J o.04 
9S.8 0.57S. 125 81.6 72.0 9.60 0.90 6.71 5.414 2404.8 3268.8 3196.8 792.0 . 4.04 IW4.4 1202.4 O.oJ 
1042 0.625 128 81.5 57.6 10.44 0.90 6.77 SJ64 2448.S 33llS 3254.9 806.4 4,04 2030.7 1224.3 0.02 
lll7 0.676 131 81.3 28.8 1129 0.89 6.83 5Jl3 2484.3 3348.3 3319.5 83S2 3.97 2077.3 1242.1 0.01 
120.5 0.723 132 812 14.4 12.07 0.88 6.90 5.266 2481.1 3345.1 3330.7 849.6 3.92 2090.1 1240.S 0.01 
129.3 0.776 136 81.1 0.0 12.96 0.87 6.97 S213 2538.8 3402.8 3402.8 864.0 3.94 2133.4 1269.4 0.00 
137.7 0.826 137 80.9 -28.8 13.79 0.86 7.03 5.163 25472 34112 3440.0 892.8 3.85 2166.4 1273.6 -0.01 
1462 0.877 140 80.9 -28.8 14.64 0.85 7.10 5.112 2586.9 3450,9 3479.7 892.8 3.90 2186.3 1293.5 -0.01 
IS4.7 0.928 143 80.8 -43.2 15.SO 0.85 7.17 5.061 2613J 3477J 3520.5 9072 3.88 2213.9 1306.7 -0.02 

DU 
@FAILURE I 345.6 I 

DEVIATOlUC STRESS 
. @FAILURE ·,...~ -1~03--3.~0-.j 

t;FI"t;CJiv 1!o PRINCIPLE STRESS 

RATIO@FAILuRE I 4.91 I 
TECH~ 

DATE 8/512004 
CHECKED 

REVIEwED t------t 
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TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 
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PROJECT NAME: 
PROJECT NUMBER: 
·sAMPLEID: 

ROCKY FLATS/FJELD AND LAB TESTING/CO 
043-ll4«KKKI1 
PF-3 DEP1H: 

STRESS-STRAIN CURVE 
3 

---
2 -

~ 1 
-

6 10 12 14 16 II 20 

VoSTRAIN 

STRESS RATIO-STRAIN CURVES 

...... .... -""' 
~ 

... 1 

Bulk 

-- _2 

6 10 

VoSTRAIN 

-

12 

-

14 16 

PORE PRESSURE-STRAIN CURVE 

6 10 12 14 16 

VoSTRAIN 

-.. 

II 20 

::; 

-
II 20 

SoD Description 
Brown, COARSE TO FINE SAND, some fine 
gravel, some Silty clay. 

LL PL PI 

Comments 
Sample was remolded to approx. 95% of the. 
Max. Dry Density,@ Opt. Moisture Content +2%. 

* Failure based ou effective stress ratio 
or l5°/e straia. 



AUGUST 2004 043-22.46-0001 

TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 

PROJECT NAME: 
PROJECT NUMBER: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-22.46-0001 

4000 

C' 3500 

.e 
1'1.) 300CI 

~ 2500 

1'1.) :zooo 
~. 
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\\1500 

~-··1000 
IS 500 
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L-v/ -
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SAMPLED>: PF-4 DEP1H: 

STRESS-STRAIN CURVE 
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Sample Type: Bulk 

3 116.6 
116.6 11.8 

\ \ A A 0 
I r ' 

2 3 

SoD Description 

Reddish Brown, COARSE TO FINE SAND, some 
fi~ gravel, some silty clay. 

LL PL PJ 

.- r 
·Comments 
Sample was remolded to approx. 95% of the 

· Max. Dry Density,@ Opt. Moisture Content +2%. 

* Failure based on effective stras ntio 
or 15•.4 Stnin.. 
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TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 

PROJECT NAME: 
PROJECT NUMBER: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-2246-0001 

SAMPLEID: PF-4 DEP1H: 

STRESS PATH 
3000~---------~-------T------------------~~------------------~---------------~~ 

sin( II>) • tan(u) 

a c•--
c:os(G>) 

c 2000 ... EfFEC11VE 
Q, --......... - y • O.S334x + lS6.0S 

'?I 
b 

TOr 

b --0 1000 y- 0.4373x + 128.37 

0 1000 2000 

P (a1 +as) /2 (psf) 

SlRESSPATii MOHR CIRCLES 

~i~J~rullilmlliP-~lli!!!l!mi~~~!~..:t~~l~~~~t~11~'~~~~~ii~~i~~m~~~~;•~~ 
a 23.6 • • 25.9 • 

____ a = 128.4 ~ c .. 142.7 .J?! 
l\llll\llii~~~i~~~--~'i~~--g~i@.~J!lG.nit£K~~t~ 

a~ 28.1 • + • 32.2 • 
a 1 156.1 'OSf c 1 = · IM.5 psf 

MOHR STRESS CIRCLES 
3000~-----------------~----------------,--------------r-------------~ 

EFFI!CJJVE 

2000_t----------------r-------------i----------~~·~·FY-·_D_.6_3_06x __ +_1_M~._49 __ ~ 
....... -···· 

0 1000 

......... ~······ 
............... 

2000 

NORMAL STRESS (psf) 

'JOTAL 

y .. 0.4863x + 142.74 

4000 

•USCS 

1 
2 
3 

0.10 
0.10 
0.10 

Soil Descriptioa 

77.8 
77.7 
76.7 

Bulk 

98.3 
98.1 
97.0 

Reddish BI'OWII, COARSE TO FINE SAND, some: 

fine gravd. some silty clay. 

(SC) I 

LL PL PI 

J 

Commeats 
Sample Was remolded to approx. 95% of the 
Max. Dly Dcmity, @ Opt. Mois!IR Content +2%. 

• Failure based oo effective stress ntio 
or IS% ifraja. 



Mohr data 

CONSOLIDATED UNDRAINED TRlAXlAL STRENGTH CONSOLIDATED UNDRAINED TRI 

MOHR CIRCLE GENERATION SPREADSHEET MOHR CIRCLE GENERATIONS~ 

PF-4 - B c A PF-4 -
CONFINING PRESSURE USED (S3) 432 864 1296 psf CONFINING PRESSURE USED (S3) 

CONFINING PRESSURE USED (S3) 432 864 1296 psi . CONFINING PRESSURE USED (S3) 

MAXIMUM DEVIATOR STRESS (PS 10382 2033.0 2327.1 psf MAXIMUM DEVIATOR STRESS (PS 

(or load at 15% strain) (or load at 15% strain) 

dUATFAIL (S1-S3)12 (S 1 '+S3')12 cob sin phi phi dU AT FAIL (S1-S3Yl (S l'+S3 ')12 

244.8 519.1 706.3 COH 1&2 100 0.600292991 37 244.8 519.1 951.1 

345.6 1016.5 1534.9 COH 1&3 150 0.521880864 31 345.6 1016.5 1880.5 

I s18.4 1163.5 1941.1 COH2cl3 460 . 0.361940546 21 518.4 1163.5 2459.5 
·. i EFFECTIVE TOTAL 
T_APOINTS A B c DATA POINTS A B 

MOHR, I MOHR,2 MOHR,J MOHR, I MOHR,2 

X Y,1 Y,2 Y,3 X Y,1 Y;J. 

0 #INUM! #NUMI #NUMI 0 #NUMJ #NUMI 

10 #INUMI #NUMI #NUMI 10 #NUMJ #NUMI 
20 #INUMI #NUMI #NUMI 20 #NUMI #NUMI 

30 #INUMI #NUMI #NUMI 30 #NUMI #NUMI 

40 #INUMI #NUMJ #NUMI 40 #NUM! #NUMI 

so #INUMI #NUMI #NUMI so ·#NOM! #NUMI 

60 t#NUMI #NUM! #NUMI. 60 #NUM! #NUMI 

70 #INUMI #NUMI ·#NUMI 70 #NUM! #NUMI 

80 #NUM! #NUMJ #NUMI 80 #NUM! #NUMI 

90 t#NUMI #NUM! #NUMI 90 #NUM! #NUMI 

100 #INUMI #NUMI #NUM! 100 #NUMI #NUMI 

110 #INUMI #NUMI #NUMI 110 #NUMI #INUMI 

120 #INUM! #NUMI #NUMI 120 #NUM! #NUMI 

130 #INUMI #NUMI #NUMI 130 .#NUMI #NUMl 

140 t#NUMI #NUMI #NUMI 140 #NUMJ #NUMI 

150 #NUM! #NUMI #NUMI 150 #NUMI #NUM! 

160 #INUMI #NUM! #NUMI 160 #NUMI #NUMI 

170 #INUM! #INUMI #NUMI 170 #INUM! #NUMl 

180 #NUMI #NUM! #NUMI 180 #NUM! #NUMI 

190 54 #NUMI fiNUMI 190 #INUMI #NUMI 

200 115 #NUM! #NUMI 200 #INUM! #NUMI 

210 152 #NUMI IINUMJ 210 #INUMI #NUMI 

220 182 #NUMI #INUMI 220 #INUMI #NUMI 

230 206 #NUMI #INUMI 230 #INUMI #NUMI 

240 228 #NUM! #NUMI 240 #INUMI #NUMI 

250 247 #NUM! #NUMI· 250 #INUMI #INUMI 

260 265 #NUM! #NUMI 260 #INUMI #NUM! 

270 281 #NUM! #NUMI .270 ##NUMI #NUMI 

280 296 #NUMI #NUMI 280 ##NUMI #NUMI 

290 310 #NUMI #NUMI 290 ##NUMI #NUMI 

300 323 #NUMI #NUMI 300 #NUMI #NUMI 

310 335 #INUMI. #NUMI 
.. 310 ##NUMI #NUMI 

320 347 #NUMI #NUMI 320 #NUMI #NUMI 

330 358 #NUMI #INUM! 330. #INUM! #NUMI 

340 368 #NUMI #NUMI 340 .#INUMI #NUMI 

350 378 #NUMI #NUMI 350 ##NUMI #NUMI 

360 387 #NUMI #NUMI 360 #INUMI #NUM! 

Page 1 



/ 

Sample##= PF-5 Sample##= PF-5 Sample##= PF-5 
Point#= 1 Point#= 2 Point#= 3 

Initial Initial Initial 
Length= 14.74 em Length= 14.80 em Length= 14.75 em 

Diameter .. 7.30 em Diameter= 7.30 em Diameter= 7.30 em 
Wet Weight• 1287.10 g Wet Weight .. 1286.90 g Wet Weight= 1287.60 g 

Area= 41.9 sq. em Area= 41.9 sq. em Area= 41.9 sq.em 
Sample Area= 6.49 sq. in. Sample Area= 6.49 sq. in. Sample Area= 6.49 sq. in. 

Volume= 616.9 ee Volume= 619.4 ee Volume= 617.3 ee 
Moistun; Content= 12.1% Moisture Content= 12.1% Moisture Content = 12.1% 
Specific Gravity= na Specific Gravity= na Specific Gravity = na 

Dry Weight of Solids= 1148.17 g Dry Weight of Solids= 1147.99 g Dry Weight of Solids= 1148.62 g 
Wet Density= 2.09 glee Wet Density= . 2.08 glee Wet Density= 2.09 glee 
Ory Density .. 1.86 glee Dry Density= 1.85 glee Dry Density= 1.86 glee 
Wet Density .. 130.2 pcf Wet Density= 129.6 pcf Wet Density= 130.2 pcf 
Dry Density = 116.1 pcf Dry Density = 115.6 pcf Dry Density = 116.1 pcf 

Cell PresSure= 100 psi . Cell Pressure= 100 psi Cell Pressure= 100 psi. 
Back PresSure= 97 psi Blick Pressure= 94 psi Back Pressure= 91 psi 

Confming Pressure= 3 psi Confming Pressure= 6 psi Confming Pressure= 9 psi 

Notes: I. Sample remolded to 95% of corrected maximum dry density (121.9 pcf) and +2% of corrected optimum moisture content (10.8%). 
2. Yellowish brown (tO YR 5/8) clayey sand with gravel (SC). 

Golder Associates, Inc. Tide: 

Denver, Colorado TRIAXIAL· SHEAR TEST-REPORT 

Job Sbor't Title: SAMPLE DATA AND CALCULATIONS 

RQCKY FLATS/FIELD & LAB TESTING/CO 
Sample No. Rnlewed: r·te: -~.f!I!J. Number: rigure: I 

PF-5 JEO 818!2004 043-2246.0001 



'ROJEct TITLE 
'ROJEct NUMBER 
:A.fv1PLEID 
:AMPLE TYPE 
>EPTH INTERVAL 
MCHINE SPEED (in/min) 
:TRAIN RATE (%/min) 
:ELL PRESSuRE(psi) 
:AMPLE PRESSURE (psi) 
:FF. CONSOLIDATION 
'REsSuRE, a, (psi) 
'REsSuRE, a, (psf) 

'INAL ·a· VALUE 
so (riliilutes) 

TIMB 
(MIN) 

0.0 
o.s 
1.0 
1.5 
1.8 
2.3 
4.0 

12.2 
IS.5 
20.3 
24.8 
28.7 
33.0 
36.2 
45.5 
53.8 
622 
70.3 
78.0 
812 

95.5 
104.0. 

ll2.S 
119.7 
129.0 
137.3 
145.8 
154.3 
161.7 

ACCUM. 

(inches) 
0.000 
0.003 
0.006 
0.009 
0.011 
0.014 
0.024 

0.073 
0.093 
0.122 
0.149 
0.172 
0.198 
0.217 
0.273 
0.323 
0.373 
0.422 
0.468 
o:s23 

· O.S73 
0.624 
0.61S 
0.718 
0.774 
0.824 
0.875 
0.926 
0.970 

I TEST {ASTM D 4767) 

ROCKY FLATS/FIELD AND LAB T~TINUfl;u INITIAL SAMPLE DATA em 
15.253 

0.006 
0.10 
89.0 
80.0 

9.0. 
1296.0 

0.97 
0.43 

.AXIAL 

Obs) 
13 
37 
49 
59 
67 
74 
89 

116 
117 
117 
117 
117 
118 
118 
119 
121 
123 
125 
128 
130 
132 
13S 
lj8 
140 
142 
145 
147 
ISO 
152 

DU 
@FAILURE 

~ :Milt HEIGHT 

PF-4 DIAMETER 
B;ik AREA 

- VOLUME 
WEIGHT(g) 
%MOISTURE 

. SPECIFIC GRAVITY 
MOIST DENSITY (pcf) 

DRY DENSITY, calc (pcf) 

VOLUME OF SOLIDS 

.....-----...., VOLUME OF VOIDS 
Mounting MethodJ Wet J VOID RATIO 

PORE 
PRESS. 
(PSJP-U 

80.8 
82.5 
83.1 
83.7 
84.1 
84.4 
84.8 

. 83.9 

83.8 
83.7 
83.7 
83.7 
83.7 
83.7 
83.7 
83.7 
83.7 
83.6 
83.S 
83.5 
83:4 
83.3 
83.1 
83.0 
82.9 
82.7 
82.7 
82.6 
82.S 

0:0 
244.8 
331.2 
417.6 
4152 
518.4 
576.0 

446:4 
432.0 
417.6 
417.6 
417.6 
417.6 
417.6 
417.6 
417.6 
417.6 
4032 
388.8 
388.8 
374.4 
360.0 

. 3312 
316.8 
302.4 
n3.6 
n3.6 
2592 
244.8 

8 

%STRAIN 
(%) 
0.00 
o.os 
0.10 
O.IS · 
0.18 
0.23 
0.40 

1.22 
us 
2.04 
2.49 
2.88 
3.31 
3.63 
4.56 

. 5.40 
6.24 
7.06 
7.82 
8.74 
9.S8 
10.43 

1129 
12.00 
12.94 
13.78 
14.63 
15.48 
1622 

SATURATION 

(l-6) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
0.96 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.86 
O.BS 
0.85 
0.84 

CORR. 
AREA 
(in2l 

6.06 
6.06 
6.07 
6.07 
6.07 
6.07 
6.08. 

... 6.13 
6.16 
6.19 
6.21 
6.24 
6.27 
6.29 
6.35 
6.41 
6.46 
6.52 
6.57 
6.64 
6.70 
6.77 
6.83 
6.89 
6.96 
7.03 
7.10 
7.17 
723 

CORR. 
HEIGHT 

(in) 

5.981 
5.978 
5.975 
s.m 
5.970 
5.967 
5.957 

7.087 
39.44 

601.61 
1266.20 

12.6 
2.70 
131.3 
116.6 

416.38 
185.23 

0.445 
. 76.7 

DBV. 

(psi) 

0.0 
562.9 
849.9 
1091.5 
1283.3 
1434.4 
1791.7 

Mini g,! •• • • ··24ii8 
5.888 2426.0 
5.859 2416.4 
5.832 2409.9 
5.809 2402.7 
5.783 23942 
5. 764 2400.1 
5.708 2399.5 
5.658 2418.9 
5.608 2446.6 
5.SS9 246l7 
5.S13 2508.1 
5.458 2537.3 
5.408 2557.0 
S.3S1 2586.1 
S.306 2618.4 
5263 26432 
5.207 2668.8 
S.IS7 2692.4 
S.l06 2712.4 
s.oss 2753.6 . 
5.011 n63.5 

I stu I 
DEVIA'ruKil; STRESS. _ __._........., 

@FAILURE I 1317.1 I 

in 
6.005 
2.790 
6.11 
36.71 

SIGMA I 
deVstr+ql 

(cr,) 
1296.0 
1858.9 
2145.9 
2387.5 
2579.3 
2730.4 
3087.7 

3712.4 
3705.9 
3698.7 
36902 
3696.1 
3695.5 
3714.9 
3742.6 
3758.7 
3804.1 
3833.3 
3853.0 
3882.1 
3914.4 
39392 
3964.8 
3988.4 
4008.4 
4049.6 
4059.5 

IIi" 

c:onected / 
5.981 
2.778 

·36.24 
1296.50 
15.32 

SIGMA I 

(cr,-4U) 
1296.0 

.:1614.1 
1814.7 
1969.9 

. 2104J 
2212.0 
2511.7 

3294.8 
3288.3 
3281.1 
3n2.6 
3278.5 
3277.9 
3297.3 
3325.0 
3355.5 
3415.3 
3444.5 
3478.6 
3522.1 
3S832 
3622.4 
3662.4 
3714.8 
3734.8 
3790,4 
3814.7 

SIGMA3 
EFF. 
(cr~ 

1296.0 
10SI2 
964.8 
878.4 
820.8 
777.6 
720.0 

878.4 
878.4 
878.4 
878.4 
878.4 
878.4 
878.4 
878.4 
892.8 
907.2 
9012 
921.6 
936.0 
964.8 
9192 
993.6 

lonr-
1022.4 
1036.8 
10512 

CORRECTED SAMPLE DATA 
DRY DENSITY, calc (pcf) 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID RATIO 

118.1 
416.38 

177.53 
0.426 

WATER CONTENT(% MOISTURE).,..._ __ ..., 
WT SOIL & TARE, MOIST (g) 
WT SOIL & TARE, DRY (g) 
WTTARE(g) 

1296.50 
1124.22 

o.oo. 
WT MOISTURE (g) 

WT DRY SOIL (g) 
%MOISTURE 

172.28 

1124.22 
15.32 

EFF.PRN 
STRRATIO 

(cr1'/ cr,, 
1.00 
t.s4 
1.88 
2.24 
2.56 
2.84 
3.49 

~ 
(P) 

1296.0 
1332.7 
1389.7 

(Ol 
0:0 
281.5 
424.9 

(A) 

0 

0.43 
0.39 

1424.1 545.7 0.38 
1462.4 641.6 0.37 
1494.8 717.2 0.36 
16U.9 895.9 0.32 

3.85 . . ·;::~mi~~g::s!iii:i::·:' . . 'i~os:f'~'' "'"''''" 0. ut"'m"'' 
. 3.81 

3.75 
3.74 
3.74 
3.73 
3.73 
3.73 
3.75 
3.79 
3.76 
3.76 
3.80 
3.77 
3.76 
3.71 
3.70 
3.69 
3.63 
3.65 
3.66 
3.63 

2077.0 1213.0 0.18 
2086.6 
2083.3 
2079.7 
2075.5 
2078.5 
2078.1 
2087.9 
2101.7 
2124.2 
2161.2 
2175.8 
2200.1 
m9.o 
2n4.0 
2300.8 
2328.0 
2368.6 
2378.6 
2413.6 
2433.0 

1208.2 
1204.9 
1201.3 
1197.1 
1200.1 
1199.7 
1209.5 
1223.3 
1231.4 
1254.0 
1268.6 
1278.5 
1293.0. 
1309.2 
i321.6 
1334.4 
1346.2 
13562 
1376.8 
1381.8 

0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.16 
0.16 
0.15 
0.15 
0.14 
0.13 
0.12 
0.11 
0.10 
0.10 
0.09 
0.09 

EFFECTIVE .......... && I li" STRESS TECH PWMJSPM 
RATIO@ FAILURE I 3.99 I DATE . 8/5/2004 

CHECKED 
REVIEWED .-.----1 



Stress Path Plot 
p'-q Plot-·. 

35 

30 ·-fll 
...... 

=- -3psi = 25 - ..,; ·- v fll / fll 

20 -6psi I ~ 

""' / ..... 
00 ..,.,. -.-9 psi 
""' 

15 
~ -= ...d ~ - KfEnvelope .CI 10 00 be 

....,.., 
r;. 

5 ~ 

~ 7_ v 
0 

0 5 10 15 20 25 30 35 40 

p', Mean Effedive Stress in psi 

Stress Path Parameters 

'1''= 33.2. degrees 
a'= 0.0 psi 

. Golder Associates, Inc. Title: 

Denver, Colorado CU TRIAXIAL SHEAR DATA 

Job Short Title: STRESS PATH PLOT 
ROCKY FLATS/FIELD & LAB TESTING/CO 

Sample No. Reviewed: Date: Job Number: Figure: 3 
PF-S JEO 8/8/2004 043-2246.0001 
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Mohr Circle Diagram 
Effective Stress Parameters 

10 15 20 
Effective Normal Stress, psi 

Mohr-Coulomb Parameters 

lj> '= 40.8 degrees 
c' = 0.0 psi 

25 

Golder Associates, Inc. Title: 

30 

-3psi 

-6psi 

--9psi 

-M-C 
Envelope 

Denver, Colorado. cu TRIAXIAL SHEAR DATA 

job Short Title: MOHR CIRCLE DIAGRAM 
ROCKY FLA TSIFIELD & LAB TESTING/CO 

Sample No. Date: Job Number: Figure: 

PF-5 8/8/2004 . 043-1246.0001 

4 



Consolidated Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC. 

/ 

Project: ROCKY FLATS/FIELD & LAB TESTING/CO 
Project Number: 043-2246.0001 

Sample,.N~rnber,,,,,, 

Dep~h..,,,,,,, .·,.,=:::,~'::~: .. ·'· , .. 

Effective Str~s'A.'~alysis 

PF-5 

P' 

·'· .,., 

'·. (psit ((lsi) . ·:. 

6.3 4.0 
10.3 7.0 
14.6 9.4 

tan( 'If')= . 0.6537 
a'·= 0.0151 

~·= 40.8 
c'= 0.0 

Printed oil: 8/9/2004 

degrees 
psi 

Effective Stress Analysis 
qvs.p' 

12,---------------------------------------~ 

10 

2 

0 2 4 

Go,lder Associates Inc. 

y=0.6537x + 0.0151 

R2 =0.9928 

6 8 10 

p', Mean Effective Stress In psi 

12 14 16 

PF-5jeo.xls.xls 



Consolidated Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC 

._/ 
. ---:...----

Project: ROCKY FLATS/FIELD & LAB TESTING/CO 
Project Number: 043-2246~0001 

Sample NumiJe.r. 
Depth. c.:' .. · .. 

Total Stress Analysis 

·.:· :~.:. Point Number •"1\,·: 
: ..... , ... · 

3 

Printed on: 8/9/2004 

13.2 
18.8 

tan(w) = 0.4756 
a= 0.581 . 

'= 28.4 
c= 0.7 

degrees 
psi 

Total Stress Analysis 
q vs. p-Uo 

lOr------------------------------------------
9 

8 

7 

1 
.!!! 6 

I s .. 
! 4 
fiJ 

rio 
3 

2 

y = 0.4756x + 0.581 
R2 =0.9987 

0+---~--~--~--~--~------~--+---+---~--~ 
0 2 4 6 8 10 12 14 16 18 20 

p-Uo, Mean Total Stress In psi 

Golder Associates Inc. PF-5jeo.xls.xls 



Shear Stress vs. Strain 

16 

·- \' . 
'•, 

14 
~ ..... 

a. 12 -.. ....... l,--' call 10 call 

/ ~ ----,...-... 8 ..... r;---Vl ... 6 -3psi 1-

" r~ ~ 
4 .cl -6psi I-

Vl 
2 -9psi 1-

0 

0% 5% 10% 15% 20% 25% 

Strain, 0/o 

Excess Pore Pressure vs. Strain 

.... 
call 6 s=. .. ,...__ -3psi e 4 1-
::s ~" call 

2 ~ -6psi call 1--
~ ""-.. 

~' 
... ~ ~ 0 -9psi 1-
~ ""'-..._ ... 

-2 i- -........... ...... ---0 
~ 

~ call -4 call 
~ 
~ 

-6 ~ 
~ 

0% 5% 10% 15% 20% 25% 30% 

Strain, 0/o 

Golder Associates, Inc. Title: 

Denver, Colorado CU TRIAXIAL SHEAR DATA 

Job Short Title: STRESS AND A PORE PRESSURE PLOTS 
ROCKY FLA TSIFIELD & LAB TESTING/CO 

. SampleNo. Reviewed: I Date: Job Number: Figure: 2 
PF-5 JEO 08/08/04' 043-2246.0001 



Sample##=. PF-6 Sampie## = 
Point##= 1 Point#= 

Initial 
Length= 14.68 em Length=· 

Diameter"' 7.30 em Diameter= 
Wet Weight= 1291.00 8 Wet Weight .. 

Area a 41.9 sq.em Area a 

Sample Area= 6.49 sq. in. Sample Area= 

Volume= 614.4 ee Volume= 
Moistun: Content= 14.0"/o Moistun: Content= 
Specific Gravity ... na Specific Gravity= 

Dry WCight of Solids= 11~2.46 8 Dry Weight of Solids= 
Wet Density= 2.10 glee Wet Density= 
Dry Density= 1.84 'ifee Dry Density = 
Wet Density"" 131.1 pcf Wet Density= 
Diy Density = 115.0 pcf Dry Density = 

CeU Pressure= 100 psi CeU Pressure= 
Back Pressure= 97 psi Back Pressure = 

Confmin8 Pressure= 3 psi Confmin8 Pressure= 

PF-6 
2 

Initial 
14.68 
7.30 

1290.50 
41.9 
6.49 

614.4 
14.0"/o 

na 
1132,02 

2.10 
1.84 

131.1 
115.0 

100 
94 
6 

em 
em 

8 
sq. em 
sq. in. 

ee 

g 
glee 
glee 
pcf 
pcf 

psi 
psi 
psi 

/ 
.::---· 

Sample##= 
Point##= 

Length= 
Diameter= 

Wet Weight= 
Area= 

Sample Area= 

Volume= 
Moistun: Content= 
Specific Gravity= 

Dry Weight of Solids = 
Wet Density= 
Dry Density = 
Wet Density= 
Dry Density= 

CeU Pressure= 
Back Pressure= 

Confming Pressure = 

PF-6 
3 

Initial 
14.83 em 
7.30 em 

1294.00 8 
41.9 sq. em 
6.49 sq. in. 

620.7 ee 
14.0% 

na 
1135.09 8 

2.08 glee 
1.83 glee 

130.1 pcf 
114.1 pcf 

100 psi 
91 psi 
9 psi 

·Notes: l. Sample remolded. to 95% of~aximum dry density (120.3 pet) and +2% of optimum (12.5%) moistun: content 
2. Yellowish brown (10 YR 5/8) clayey sand with gravel SC 

Golder Associates, Inc. Title: 

Denver, Colorado tRIAXIAL SHEAR TEST REPORT 

Job Short Title: SAMPLE DATA .AN)) CALCULATIONS 
ROCKY FLAMIELD & LAB TESTING/CO 

Sample No. JRmewed: r•te: .IJob Number: 

PF-6 JEO 8/1!2004 . 043-2246~0001 

I Figure: 1 



Shear Stress vs. Strain r . 

12 

·- 10 rn 

...... 

=- ---~ 8 
rn ~ -----~ ... 6 ---.... 

00 ~-... 
4 

-3psi 
~ r-
~ -6psi ·..= 

00 2 r---9psi 
0 

0% 5% 10% 15% 20% 25% 

Strain,% 

Excess Pore Pressure vs. Strain 

I -3psi -6psi -9psi I 
·- 6 rn 

=- r .. 
~ 4 ... r = rn --rn -~ 2 ... ---~ 
~ ~ -... 0 ~ -.._;_ 

t-~ 

-20 Vo 5 J." % 2( % 2( % rn 1\, 170 -rn 
~ 
~ 
~ 

li:l;l -4 

Strain, 0/o 

Golder Associates, Inc. Title: 

Denver, Colorado CUTRUUOALSBEARDATA 

Job Short Title: STRESS AND A PORE PRESSURE PLOTS 
ROCKY FLA TSIFIELD & LAB TESTING/CO 

.. 

Sample No, Reviewed: Date: ~~ob Number: I Figure: 2 
PF-6 JEO 08/01/04 043-2246.0001 



Stress Path Plot 
p'-q Plot 

20 
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·· .. 

t:l 14 
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~ """ -9psi .. 8 = ge: :..-~ ~ - KfEnvelope .t:l 6 
00 ~ 9' {._ 
r;. 4 

-'l_ / )_ 
2 

,.. 
/ 1-""' I' / 0 ~ / 

0 2 4 6 8 10 12 14 16 18 20 

p', Mean Effective Stress in psi 

Stress Path Parameters· 

'V'= 33.7 degrees 
a'= 0.0 psi 

Golder Associates, Inc. Title: 

Denver, Colorado CUTRUUUALSHEARDATA 

Job Short Title: STRESS PAm PLOT 
ROCKY FLATS/FIELD & LAB TESTING/CO 

Sample No. jRe~~~ Date: Job Number: JFigure: 3 
PF-6 8/112004 043-2246.0001 



Mohr Circle Diagram 
Effective Stress Parameters 

30 
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Effective Normal Stress, psi 

Mohr-Coulomb Parameters 

ell'= 41.9 degrees 
c'= 0.0 psi 

Golder Associates, Inc. Title: 

Denver, Colorado CU TRIAXIAL SHEAR DATA 

Job Short Title: · MOHR CIRCLE DIAGRAM 
ROCKY FLA TSIFIELD & LAB TESTING/CO 

Sample No. Depth Reviewed: Date: Job Number: Figure: 4 

i>:F-6· 0 JEO 8/1/2004 043-2246.0001 



Consolidated Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC 

Project: ROCKY FLATS/FIELD & LAB TESTING/CO 
ProjectNumber: 043-2246.0001 
Explination of Terminology 

~ .. 

Mohr-Coulomb Failure Criteria: 

Where: 

'ig = c'+o.u'tan t/J' 
'ig = c + o.utan t/J 

c', c = effective and total cohesive intercept 
ljl ', cjl = effective and total friction angle 

'ttJ = Shear Strength on the failme surface at failure 

a' tJ, atJ = effective and total normal stress on the failure surface at fail me 

Stress Path Space: 

q=Oi-(jj p Oi+UJ 
. 2 

Where: 
q = shear stress 
p', p = mean effective and total stress 

a'• , a' = Effective and Total Axial Stress 

a~', a'= Effective and Total ConfiDing Stress 

I q=a+ptan'l/ 
q =a+ (p -Uo)tan '1/ 

Where: 
a', a= intercept of the q-axis in effeqtive stress of total stress space 

2 

w'' 'I'= angle ofthe failure line in effective stress of total stress space 
p' = mean effective stress 
p-Uo == mean total minus the initial pore pressure . 

with the relationship between 'I' and cj» and a and care as fullows: 

tan(\jl) = sin(cj») 

a= c • cos(cj») 

Printed on: 8/912004 Golder Associates Inc. PF-5jeo.xls.xls 



Consolidated Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC 

/ 

Project: ROCKY FLATS/FIELD & LAB TESTING/CO 
Project Number: .043-2246.0001 

~::~·~:i~~·~·~i7l?:·i::::,.,, ,, PF-6 
..... 

Total Stress Analysis ' · 

q 
··'·· .. ·.: .. =: 

·.· ....... . 
. (psi) ( si) 

4.6 
2 14.1 7.8 
3 17.4 8.2 

tan(w) = 0.403 
a= 1.5432 

' = 23.8 degrees 
c= 1.7 psi 

Printed on: 8/212004 

Total Stress Analysis 
q vs. p-Uo 

9r---------------------------------------~ 

8 

7 

2 

y = 0.403x + 1.5432 

R2 =0.9344 • • 

0~--~--~---r---+--~----~~+---~---r--~ 
0 2 4 6 8 10 12 14 16 18 20 

p-Uo, Mean Total Stress In psi 

··----

Golder Associates Inc. PF-6.xls.xls 



Consolidated Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC 

Project: ROCKY FLATS/FIELD & LAB TESTING/CO 
Project Number: 043-2246.0001 
Explination of Terminology 

' ... \ 

Mohr-Coulomb Failure Criteria: 

~ 

ru = c'+011'tan ¢' 
ru = c + cu tan ¢ 

c', c = effective and total cohesive intercept 
tjl', + = effective and total friction. angle 

'tfr = Shear Strength on the failme smface at failme 

c:r' «, c:r« = effective and total normal stress on the fail me smface at failure 

Stress Path Space: 

q Oi-03 p Oi+03 

2 
··Where: 

q = shear stress 
p', p = mean effective and total stress 

c:r'1 , c:Jl = Effective and Total Axial Stress 

c:r'J; c:J3 = Effective and Tota.l Confming Stress 

~ 

I q=a+ptan'l' 
q =a+(p-Uo)tan'l' 

a', a= intercept of the q-axis in effectiVe: stress of total stress space 

2 

'II', 'II = angle of the failure line in effective stress· of total stress space 
p' = mean effective stress 
p-Uo = mean total minus the initial pore pressme 

with the relationship between 'I' and' and a and care as fOllows: 

· Printed on: 8/212004 Golder Associates Inc. PF-6.xls.xls 



•iU)JECT TITLE 
'ROJECl' NuMBER 
lAM'PLEID 
IAMPLETYPE 

ROCKY FLATS/FIELD AND LAB TESTING/CO INITIAL SAMPLE DATA 
043-2246-0001 HEIGHT 

1-------P:;.;F-:-~7-------1 DIAMETER 
Bulk AREA 

em 
15.248 
7.087 
39.44 

in 
6.003 
2.790 
6.11 

corrected I 

5.983 
2.788 
6.11 

CORRECTED SAMPLE DATA 
DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 

119.3 
423.99 
174.71 

>EPTH INTERVAL 
MCHJNE SPEED (inlmin) 
lTRAiN RATE (%/min) 
;ELL PRESStfRE (psi) 
lAM'PLB PRESSuRE (psi) 
!FF. CONSOLIDATION 
'RESSu'RE, a3 (psi) . 
'RESSURE, a3 (psf) . 
:iNAL "B" VALUE 

~--------~~-~~----~~VOLUME 

0.006 
0.10 
83.0 
80.0 

3.0 
432.0 

0.98 

WEIGHT(g) 
%MOISTURE 
SPECIFIC ORA VITY 
MOIST DENSITY (pcf) 
DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 

.-------. VOLUME OF VOIDS 
Mounting Method I Wet · · I VOID RATIO 

SATURATION 

601.41 
1285.27 

12.3 
2.70 
133.4 
118.8 

423.99 
177.41 
0.418. 

36.70 36.S4. 
1312.57 
14.66 

VOID RATIO 0.412 

WATER CONTENT(% MOISTURE).,_·-----. 
WT SOIL & TARE, MOIST (g) 
WT SOIL & TARE, DRY (g) 
wtTARE(g) 
WT MOISTuRE (g) 

WT DRY SOIL (g) 
%MOISTURE 

1312.57 
1144.78 

0.00 
167.79 

1144.78 
14.66 

so (minutes) O.lS 79.2 

&clJ 

(Q) 
0.0 0.000 17 79.9 0.0 0.00 1.00 6.11 S.983 0.0 432.0 432.0 432.0 1.00 432.0 0.0 0:00 
O.S 0.003 33 80.8 129.6 O.OS 1.00 6.11 S.980 377.1 809.1 679.S 302.4 2.2S 491.0 188.6 0.34 
1.0 0.006 40 81.0 IS8~4 0.10 1.00 6.11 S.977 S41.8 973.11 IIIS.4 273.6 2.98 S4U 270.9 0.29 
I.S 0.009 4S 81.2 .187.2 O.JS 1.00 6.12 S.974 6S9.3 1091.3 904.1 244.8 3.69 S74.4 329.6 0.28 
2.0 0.012 SO 81.3 201.6 0.20 1.00 6.12 S.971 776.6 J208.6 1007.0 230,4 . 4.37 618.7 388.3 0.26 
2.S O.OIS S3 81.3 201.6 0.2S 1.00 6.12 S.968 ' 846.8 l278.8 1077.2 230,4 4.68 6S3.8 423.4 0.24 

12.S 
16.7 
22.S 
2S.O 
29.2 
33.3 
41.7 
S2.S 
S8.3 
66.7 
7S.O 
83.3 
99.0 
100.0 
108.3 
116.7 
12S.O 
133.3 
141.7 
ISO.O 
IS8.3 
166.7 

!:~"~; ~··~";;~!mt~ .. ;~8·~~·1· • lili····l·lh~~-~.o~:~iis~o~;.~~~~·l~a~~89i~'~l!i11!,80~~~-2 ~1Y:~r:;l~1~:!41~ii~~l11l:l!li!J ... l0~:r~84~~.1-~·.rn :I r:~;!;'!!ITI'~~~;·i"';:m'~ ..... , .. f6"~_'l'16~lllimlrr&ls~:9~~3~:3~. ··I .. ~;:::J•~ .. ~-1 1~61:8~~3.~7 ~-. m·":l 1·· · ~· ·~'2~~u11!s~,_._!l!7 · ~-·I, ,i ... "~"'"~,2.li,0~ .. ;.
7 
.. ~ .. £S .. ;;.~., .. ::~"w,.!;~"'n·l1 !:,::.1>'3~~~~~i:!8mll,,,,'f,~,,!:II~<:~J.,i'i! s.Jl··~.3 ~:.··l .. '·n!'i"ll··i"ll.~··''·'·li~n1?..~.0.~.:iSl~··i1:~·:.~: .• Jr,~·-f!-~>~.!84~:~~1 .~_~8 ,·1· ·'ffi·ffl I mil .... li0~i:1113:~~-~~~ 

0.07S 102 192 -IOO.S 1.2S 0.99 6.18 S.908 1979.3 2411.3 2S12.1 S32.8 4.71 IS22.4 989.6 .O.OS 
0.100 107 78.8 ·IS8.4 1.67 0.98 6.21 S.883 2086.9 2S18.9 2677.3 S90.4 4.S3 1633.8 1043.4 .0.08 
0.13S 112 78.3 -230,4 2.26 0.98 6.2S S.848 2189.7 2621.7 28S2.1 662.4 4.31 17S7.2 1094.8 .0.11 
O.ISO liS 78.0 -273.6 2.SI 0.97 6.26 S.833 22S3.0 268S.O 29S8.6 70S.6 4.19 1832.1 1126.S .0.12 
0.17S 119 77.7 -316.8 2.92 0.97 6.29 S.808 2334.9 . 2766.9 3083.7 748.8 4.12 1916.3 1167.S .0.14 
0.200 122 77.S -34S.6 3.34 0.97 6.32 S.783 2393.3 282S.3 3170.9 777.6, 4.08 1974.2 1196.6 .0.14 
0.2SO l2S 77.0 -417.6 4.18 0.96 6.37 S.733 2440.4 2872.4 3290.0 849.6 3.87 2069.8 1220.2 .0.17 
O.JIS 129 76.9 -432.0 S.26 0.9S 6.4S S.668 2S02.1 2934.1 3366.1 864.0 3.90 ,211S.O 12SI.O .0.17 
0.3SO 134 76.7 -460.8 S.8S 0.94 6.49 S.633 2S97.6 3029.6 3490,4 892.8 3.91 2191.6 1298.8 .0.18 
o.400 137 76.S . -489:6 · 6.69 0.93 6.S4 S.S83 2640.6 3072.6 3S62.2 921.6 3.87· 2241.9 1320.3 .0.19 
0.4SO 140 76.4 -S04.0 7.S2 0.92 6.60 S.533 2682.4 3114.4 3618.4 936.0 3.87 2277.2 1341.2 .0.19 
O.SOO 142 76.3 -Sl8.4 8.36 0.92 6.66 S.483 2701.3 3133.3 36S1.7 9S0.4 3.84 2301.1 13S0.7 .0.19 
O.S94 149 76.1 -S47.2 9.93 0.90 . 6.78 S.389 2803.7 323S.7 3782.9 979.2 3.86 2381.1 1401.9 .0.20 
0.600 149 76.0 -S61.6 10.03 0.90 6.79 5.383 2800.6 3232.6 3~.2 993.6 3.82 23113.9 1400.3 .0.20 
0.6SO IS~ 76.0 -S61.6 10.86 0.89 6.85 S.333 2879.7 3311.7 3873.3 993.6 ·3.90 2433.4 1439.8 .0.20 
0.700 1S7 7S.9 -S76.0 11.70 0.88 6.92 S.283 2915.1 3347.1 3923.1 1008.0 3.89 246S.6 1457.6 .0.20 
0.7SO IS9 7S.8 -S90.4 12.S4 0.87 . 6.98 5.233 2928.8 3360.8 39SI.2 1022.4 3.86 2486.8 1464.4 .0.20 
0.800 162 7S.7 -604.8 13.37 0.87 7.05 S.183 2962.1 3394.i 3998.9 1036.8 3.86 2S17.8 1481.0 .0.20 
o.8so 164 75.7 -604.8 14.21 0.86 1.12 S.J33 2974.0 , 3406.0 4010.8 -uau .. _ 3.87 2S23.8 1487.0 -o.2o 
0.900 167 7S.6 .619.2 IS.04 0.8S 7.19 S.083 300S.I 3437.1 40S6.3 10SI.2 3.86 2SS3.8 IS02.6 .0.21 
0.9SO 171 7H -633.6 IS.88 0.84 7.26 S.033 30S4.9 3486.9 4120.5 1o65.6 3.87 2S93.1 1S27.S .0.21 
1.000 172 7S.4 -648.0 16.71 0.83 7.33 4.983 3044.2 3476.2 4124.2 1080.0 3.82 2602.1 1S22.1 .0.21 

DU 

@FAILURE ·I t81.1o I · 
DEViAToiUCsTRESS_ , 
®FAILURE I 1117.18 I 

TECH 
DATE S/4104 

CHECKED 
REViEWED ~-----f 



'ROJECT TITLE 
'ROJEC'r NUMBER 
:AMl'LEID 
:AMPLE TYPE 

TRI.A Yl A I' COMPRI'-IQ!QIOII! TEST (ASTM D 4767) 

ROCKY FLATS/FIELD AND LAB TESTING/CO INITIAL SAMPLE DATA · 
043-2246..0001 HEIGHT 

._ _____ ...:.P.:.,F~-7,:..__ ____ ---l DIAMETER 

Bulk AREA 
~--------~~-~----------~VOLUME 

0.006 
0.10 

WEIGHT(g) 
%MOISTURE 

• . ''lATED IINDD,t.INv~ WiTH PORE PDI'_fltC8fDii' 

em 
IS.243 
7.087 
39.44 

601.21 
1284.S7 

12.3 

in 
6.001 
2.790 
6.11 

36.69 

corrected 1 

S.91S 
2.781 
6.07 
36.30 

1308.17 
14.36 

CORRECTBDS~LBDATA 

DRY DENSITY, calc (pet) 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID RATIO 

120.0 
423.68 
171.12 
0.404 

>EPTH iNTERVAL 
.1ACHINE SPEED (in/min) 
:TRAiN RATE (Wmin) 
:ELL PRESSURE (psi) 
:AMPLE PRESSURE (psi) 

lFF. CONSOLIDATION 
'RBSS\JRB, a, (psi) 
'RBSSli'RB, a, (psf) 

86.0 
80.0 

SPECIFIC ORA VITY 
MOIST DENSITY (pet) 

DRY DENSITY, calc (pet) 
VOLUME OF SOLIDS 

133.3. 
WATER CONTENT(% MOISTURE).r-. ~----...., 
WT SOIL & TARE, MOIST (g) 1308.17 

2.70 

WT SOIL & TARE, DRY (g) 1143.94 
Wr T ARB (g) 0.00 

118.7 
6.0 423.68 

:iNAL "8" VALUE 
WTMOISTURB(g) 164.23 864.0 VOLUME OF VOIDS 

0.99 Mounting MethodJ Wet J VOID RATIO 
177.52 

10 (minutes) WT DRY SOIL (g) 1143.94 
0.64 SATURATION 

0.419 
79.2 %MOISTURE 14.36 

TIME 
cMIN> 

ACCUM. 
DBPLBCT. 
_(inches) 

AXIAL 
LOAD 
Obs) 

PORB 
PRESS. 
(psiru 

: PWPdump 
DU(psf) 

(ecc) 
0.0 

s CORR CORR. DBV. SIGMA I SIGMA I SIGMA 3 EFP.PRN L2L±!&l 
%STRAIN (I-s) ARBA HEIGHT STRESS deYSII+ql BPP. BPP. STR RATIO 

(~ ~~ (i~ ~ ~1) (a,~ ~ ~1Va~ (~ (Q) 
0.00 1.00 6.07 5.975 0.0 864.0 864.0 864.0 1.00 864.0 

216.0 0.05 1.00 6.08 5.972 544.9 1408.9 1192.9 648.0 1.84 920.5 272.S 
2S9.2 0.10 1.00 6.08 S.969 7S7.8 1621.8. 1362.6 604.8 2.2S 983.7 378.9 

0.0 

288.0 O.IS 1.00 6.08 S.966 899.4 1763.4 147S.4 S76.0 2.S6 102S.7 449.7 
316.8 0.20 1.00 6.09 S.963 1040.9 1904.9 1S88.1 5472 2.90 1067.6 S20.4 
3312 02S 1.00 6.09 5.960 1111.3 1975.3 1644.1 532.8 3.09 1088.5 SSS.7 

0.000 
0.003 
0.006 
0.009 
0.012 
0.015· 
0.02S 
0.050 

3312 0.42 1.00 6.10 S.9SO 1392.7 22S6.7 192S.5 532.8 3.61 1229.1 696.3 

~ruK~~~~!~:¥6~.~7] !I~~~illlm~~~ Oll . .t~oo~·~· ... ,~H!'fl.l.~~·~·~2~ ~lll(la~81fi.~6~~~rml1~~~~r,~:~::t~.·22!~~,~il11.~.:!~~:·684~i!!i!f:::::llli:::,~:~!:~:~~:::ll!![miL;•:.m.e.•·!:li!~':·~~~~!~3iiBmiJii~~~:;:92S~87~5: i:ll!i· ::f::~::JW;.I ::~': 2~.7~~-446~-~;3·~9 Ellli~23:~:~~:~~l1~!:~·~~~:~~;::~; ':::I!:J'i~·:fm::!fJl··~ 7604~48 .. !·88~·~.~(~~J·;ll~:,:,·l·~i~:~ ~~~~;~:~~::~~:-~ .. ·I'J'I~:~~ci~r~,~;:: .: ::.,~~i.: 
20.8 O.llS tiS 81.5 100.8 2.09 0.98 6.20 S.8SO 2204.8 3068.8 2968.0 763.2 3.89 I86S.6 1102.4 

0.0 
o.s 
1.0 
1.5 
2.0 
2.S 
42 
8.3 

20 
43 
S2 
58 
64 
67 
79 
95 

80.8 
82.3 
82.6 
82.8 
83.0 
83.1 

.83.1 
82.6 

25.0 0.150 119 813 72.0 2.SI 0.97 6.23 5.82S 2287.8 31S1.8 3079.8 792.0 3.89 19JS.9 1143.9 
292 o.m 122 81.1 432 2.93 o.97 6.26 s.800 2347.0 32lt.o 3167.8 820.8 3.86 1994.3 tt73.s 
33.3 0.200 llS 81.0 28.8 3.35 0.97 6.29 5.77S 2405.6 3269.6 3240.8 835.2, 3.88 2038.0 1202.8 
41.7 0.2SO 129 80.8 0.0 4.18 0.96 634 S.72S 247S.7 3339.7 3339.7 864.0 3.87 2101.8 1237.8 
SO.O 0300 134 80.5 -432 5.02 0.9S 6.40 S.67S 2566.6 3430.6 . 3473.8 9012 3.83 2190.S 1283.3 
583 0.350 137 80.3 -n.o 5.86 0.94 6.liS 5.62S 2610.9 3474.9 3S46.9 936.0 3.79 2241.5 1305.5 
66.7 0.400 142 80.1 -100.8 . 6.69 0.93 6.SI S.S7S 2698.3 3~62.3 3663.1 964.8 3.80 2314,0 1349.2 
7S.O 0.450 14S 80.0 -IIS2 7.S3 0.92 6.S7 S.52S 2739.9 3603.9 3719.1 979.2 3.80 2349.1 1369.9 
83.3 0.500 149. 79.8 -144.0 837 0.92 6.63 5.47S 2802.0 3666:0 3810.0 1008.0 3.78 2409.0 1401.0 
91.7 O.SSO ISS 19.6 -tn.8 9.21 0.91 6.69 5.425 290S.S 3769.S 3942.3 1036.8 3.80 2489.6 1452.8 
100.0 0.600 160 . 79.4 -201.6 · 10.04 0.90 6.7S SJ?S 29853 38493 4050.9 1065.6 3.80 2SS8.3 1492.7 
110.0 0.660 164 79.3 -216.0 11.05 0.89 6.83 5.315 3036.4 3900.4 4116.4 1080.0 3.81 2S98.2 15182 
116.7 0.700 167 79.1 -244.8 11.72 0.88 6.88 S.27S 3076.3 3940.3 418S.I 1108.8 3.77 2646.9 IS38.1 
llS.O 0.7SO tn 78.8 -288.0 12.SS 0.87 6.95 S22S 31S0.8 4014.8 4302.8 IIS2.0 3.74 2727.4 IS7S.4 
133.3 0.800 176 78.7 -302.4 13.39 0.87 7.01 S.I1S 3202.8 4066.8 4369.2 1166.4 3.7S 2767.8 1601.4 
143.7 0.862 179 78.5 -3312 14.43 0.86 7.10 5.113 322S.2 40892 4420.4 1195.2 3.70 2807.8 1612.6 
ISO.O 0.900 182 78.4 -345.6 15.06 0.85 7.15 S.07S 3261.7 412S.7 4471.3 1209.6 3.70 2840,4 1630.8 
1583 0.950 186 78.2 -374.4 IS.90 0.84 7.22 5.02.5 33093 4173.3 4547.7. 1238.4 3.67 2893.0 1654.6 
166.7 1.000 189 78.2 -374.4 16.74 0.83 730 4.975 3335.6 4199.6 4574.0 1238.4 3.69 2906.2 1667.8 

DU 
@FAILURE 187.2 

DEVIATORIC STRESS..---~-, 
@ FAILURE I 1989.6 I 

EFFECfiVE rlW"'ui'LE STRESS 
RATIO@FAILURE I 3.94 I 

TECH 
DATE 

(A) 
0.00 
0.40 

·o.34 
0.32 
0.30 
0.30 
024 
0.15 

,,m.,..,...,f 

.. ' .. ·. o.os"''"~,;;;; 

o.os 
0.03 
0.02 
0.01 
0.00 
-0.02 
-0.03 
-0.04 
-0.04 
-0.05 
-0.06 
-0.07 
-0.07 
-0.08 
-0.09 
-0.09 
-0.10 
-0.1 I 
-0.11 
-0.11 

P~I\A 

8/4/2004 
CHECKED ._, __ ---1 

REVIEWED 



Consolidated Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC 

/ 
~-

Project: ROCKY FLATS/FIELD & LAB TESTING/CO 
Project Number: 043-2246.0001 

Sampl~ Number 
Depth ·•· ;.: 

Efre~tive Stress Analy~is· •.•.. 

Point Number 
.,.:.::! ··-· 

=·· .. 

':.·.,·. 

1 
2 
3 

Printed on: 8/2/2004 

· ... J:·:. ···. : .. 

..'!-)[ 

'L~ (psi).~ · · ' 
. .,_. 
:r; (psi) 

7.4 4.6 
11.0 7.8 
12.6 8.2 

tan( 'I'')= 0.6674 
a'= 

+'= 41.9 
·c'= 0.0 

degrees 
psi 

Effective Stress Analysis 
qvs.p' 

9,-------------------------------------~~ 

8 

7 

2 

0 2 4 

Golder Associates Inc. 

y=0.6674x 

R2 =0.94S4 

6 8 

p', Mean Effective Stress In psi 

10 12 14 

PF-6.xls.xls 



A.UG UST 2004 043-2246-0001 

c::-., 
Q, ...... 

·~ 
fl.) 
fl.) 

~ 
lloc 

~ 
0 
lloc 

5000 

0 

7 

6 

TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 

/::i ~ 
Ill 
r 

0 2. 

PROJECT NAME: 
PROJECfNUMBER: 
SAMPLEID: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-2246-eOOl 
PF-7 DEPlH: 

STRESS-STRAIN CURVE 

2 

6 I 10 12 14 '16 II 20 

%STRAIN 

STRESS RATIO-STRAIN CURVES 

Sample Type: Bulk 

1'\I 
2 ...... ........ 

y 3 

• 

0 

0 2 4 6 10 12 14 16 

%STRAIN 

PORE PRESSURE-STRAIN CURVE 
1000 

500 

0 ~ ~ 3 

' ~ r-- 2 
-500 

1 

·1000 
0 2 4 . 6 10 12 14 16 

•;.STRAIN 

18 20 

18 20 

Soil Description 
Brown, COARSE TO FINE SAND, some fine 
gravel, some silty clay. 

LL PL PI 

Comments 
Sample was remolded to approx. 95% of the 
Max. Dry Demity,@ Opt. Moisture Content +2%. 

* Failure based oa effective stress ntio 
or JS•k strain. 



1004 

c:::-.. 
Clo ...... 

, .... -.-
~ 
b ...... 

0 

C' .. 
Clo --1"1) 

= '""' 1"1) 

== < 
[;l;l 

= 1"1) 

TRIAXIAL COMPRESSION TEST-CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASI'MD4767 

PROIECfNAME: 
PROJECT NUMBER: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-2246-{1001 

SAMPLEID: PF-7 DEP1H: 

STRESS PATH 
3~r--------------------r------------------~------,----------------,----------------~ 

Sin( GO) •tan(Cl) 

e c•--
cos(t>) 

:zooo 
EfFEC1JVE 

• •. y•O.S16Sx+ 142.31 

I~ 

SlRESSPA1H MOHR CIRCLES 

. MOHR STRESS CIRCLES 
3~r--------------------r------------------~---------------------~------------------~ 

:zooo 

I~ 

0 :zooo 
NORMAL STRESS (psf) 

EFFECllYE 

y .. 0.6032x+ 166.19 

TOTAL 
y-0.4959x+ 151.72 

SoD Description 

118.7 
118.7 

Bulk 

Brown, COARSE lO FINE SAND, some fine 
gravel, some silty clay. 

uses esc) I 

PL PI 

Comments 
Sample was RIDOided to approx. 95"/o of the 
Max. Dry Dcosity,.@ Opt. Moisture Coatmt +2%. 

* FaUare based oa effective stress ntio 
or ts•lo stnio. 



Mohr data 

CONSOLIDATED UNDRAINED TRIAXIAL STRENGTH CoNSOLIDATED UNDRAINED TRl 

MOHR CIRCLE GENERATION SPREADSHEET , MOHR CIRCLE GENERATION SPRJ 

PF-7 - 8 c A ·PF-7 -
CONFINING PRESSURE USED (S3) 432 864 1296 _psf . CONFINING PRESSURE USED (S3) 

CONFINING PRESSURE USED (S3) 432 864 1296 psi CONFINING PRESSURE USED (S3) 

MAXIMUM DEVIATOR STRESS (PS 11272 1989.6 2494.8 psf . MAXIMUM DEVIATOR STRESS (PS 

(or load at 15% strain) - (or load at 15% strain) 

dUATFAil (Sl-S3)12 (Sl'+S3')12 coh . sin phi phi .dUATFAil _(_Sl-S3)fl (Sl'+S3~_ 

1872 563.6 808.4 ·COH1&2 160 0.499535201 30 - 1872 563.6 995.6 

187.2 994.8 1671.6 COH1&3 140 '• 0.519057351 31 1872 994.8 . 1858.8 

\417.6 1247.4 2125.8 COH2&3 70 0.556157545 . 34 417.6 1247.4 2543.4 
···t EFFECTIVE TOTAL 

TAPOINTS A 8 c DATA POINTS A 8 

MOHR.1 MOHR.2 MOHR.3 MOHR.1 MOHR.2 

X Y,l Y;l Y,3 X Y,1 Y;l 

0 #NUMI ##NUMl tiNUMI 0 #NUMI ##NUMI 

10 #NUMI ##NUMl I#NUMI 10 #NUMI ##NUMI 

20 #NUMI #NUMI I#NUMI 20 #NUM! ##NUMI 

30 #NUMl #NUMI I#NUMI 30 #NUMl #NUMI 

40 #NUMl #NUM! I#NUMI 40 #NUMI ·#NUMJ 

so #NUMI #NUMI I#NUM! so #NUM! #NUMI 

60 .#NUM! ##NUMl tiNUMl 60 #NUM! #NUMI 

70 ##NUMI ##NUMl tiNUMI 70 #NUM! #NUMI 

80 ##NUMI #NUMI. I#NUM! 80 #NUMI #NUMI 

90 #NUMI #NUMI tiNUMl 90 #NUMI #NUMI 

100 #NUMI #NUMI tiNUMI 100 #NUMI ##NUMI 

110 #NUMl #NUMI I#NUMI 110 #NUM! ##NUMI 

120 #NUMI #NUMI tiNUMI' 120 #NUMI ##NUMI 

130 #NUMl #NUMI I#NUMI 130 #NUMI #NUMI 

140 #NUMl ##NUMl tiNUMI 140 #NUMI ##NUMI 

150 #NUMI #NUMI I#NUMI 150 #NUMI #NUMI 

160 ##NUMI ##NUMl I#NUMI 160 #NUMI ##NUMI 

170 ##NUMI ##NUMl tiNuM! 170 #NUMI #NUMI 

. 180 #NUMI #NUMI I#NUMI 180 #NUMI #NUMI 

190 ##NUMl #NUMI #INUMI 190 #NUMI #NUMI 

200 #NUMI #NUMI I#NUM! 200 #NUMI ##NUMI 

210 #NUMI #NUMI . tiNUMI 210 #NUMI #NUMI 

220 #NUMI ##NUMl tiNUMI 220 #NUM! #NUM! 

230 #NUMI ##NUMl I#NUM! 230 #NUMI #INUMI 

240 #NUMI #NUMI tiNUMI 240 #NUM! #INUMI 

250 76 ##NUMl I#NUMI 250 ##NUMI #INUMI 

260 130 #NUMI tiNUMl 260 #NUM! #INUMI 

270 167 #NUMI tiNUMI 270 #NUMI #INUMI 

280 196 #NUMI I#NUMI 280 #NUM! #INUMI 

290 221 #NUMI tiNUMI 290 ##NUMI #INUMI 

300 243 #NUMI tiNUMI 300 ##NUMI #INUMI 

310 263 #NUMI I#NUMI 310 #NUM! #INUMI 

320 281 #NUMI 'tiNUMI 320 #INUMI #NUMI 

330 298 #NUMI tiNUMl 330 ##NUM! #NUMI 

340 313 ##NUMl tiNUMl 340 ##NUMI #INUMI 

. 350 328 #NUMI tiNUMI 350 ##NUMI #NUMI 

360 341 #NUMI tiNUMI 360 #NUMI #INUMI 

Page I 



. ·, 

r TEST <ASTM o 4767)A»~TEo .......... • .... ..,..., w1m roiti • 'J'WYIAI,\,;UMr 

lOJECf TITLE ROCKY FLATS/FJELD AND LAB T~TINU/l,;U INITIAL SAMPLE DATA em in corri:cted / CORRECTEDSANWLEDATA 

lOJECf NUMBER ·n4'>-.,'U.o:J\n'll . HEIGHT 15.187 5.919. 5.954 .· DRY DENSITY, calc (pef) .113.6 

\MPLEID PF-8 DIAMETER 7.087 2.790 2.783 VOLUME OF SOLIDS 400.05 

\MPLE1YPE Bulk AREA 39.44 6.11 6.08 VOLUME OF VOIDS 193.45 
EPTH INTERVAL - VOLUME 599.00 36.55 36.22 VOID RATIO 0.484 
ACHINE SPEED (in/min) 0.006 WE1GHT(g) 1229.25 1261.25 
rR.AJN RATE (o/olinin) 0.10 %MOISTURE 13.8 16.77 
ELL PRESSURE (psi) 83.0 SPECIFIC GRAVITY 2.70 WATER CONTENT(% MOISTURE) 
~LEPRESSURE(psQ 80.0 MOIST DENSITY (pet) 128.1 WT SOIL & TARE, MOIST (g) 1261.25 
FF. CONSOLIDATION DRY DENSITY, calc (pet) 112.5 WT SOIL & TARE, DRY (g) 1080.13 
lESSURE, a 3 (psi) 3.0 VOLUME OF SOLIDS 400.05 WTTARE(g) 0.00 
~SURE, GJ (psi} 432.Q VOLUME OF VOIDS 198.95 WT MOISTuRE (g) 181.12 
lNAL "B".VALUE l.QO Mounting Methodl wet lvOIDRATIO 0.497 WT DRY SOIL (g) 1080.13 
J (ininutes) . 0;11 SATURATION 15.0 %MOISTURE 16,77 

ACCUM. AXIAL PORE PWPdumae 8 CORR. CORR DEV. .SIGMA! SIDMI\1 SIGMA3 EFF.PRN ~ ~· TIME PRESS. DU(psf) %STRAIN (1-8) devstrtqJ EFF. STRRATIO 
(lvli'N) (inches) Obs) (PSi)=U (ace) (%) (in2) (in) .(psf) (a,) (a,-dU) (a,-dU) (a,'/ a,') (P) (Q) (A) 

. 0.0 0.000 13 81.3 0.0- 0.00 1.00 6.08 ~.9S4 0.0 4310 432.0 432.0 1.00 432.0 0.0 0.00 
0.3 0.002 30 81.8 72.0 0.03 1.00 6.08 ~-9~2 411.8 843.8 771.8 360.0 2.14 S6S.9 20S.9 0.17 
1.0 0.006 3~ 82.0 100.8 0.10 1.00 6.09 ~.948 S34.~ 966.S 86S.7 3312 2.61 S98.4 267.2 0.19 
1.~ 0.009 38 82.1 11S2 O.IS 1.00 6.09 ~.94S 609.8 1041.8 926.6 316.8 2.92 621.7 304.9 0.19 
2.0 0.012 . 42 82.2 129.6 020 1.00 6.10 S.942 6922 11242 994.6 302.4 . 3.29 648.S 346.1 0.19 
2.S 0.01S 4S 822 129.6 02S 1.00 . 6.10 S.939 7~8.0 1190.0 1060.4 3024 3.SI 681.4 379.0 0.17 
3.S 0.021 49 82.2 129.6 0.3S 1.00 6.10 ~.933 8S3.9 128S.9 11S6.3 302.4 3.82 729.4 427.0 0.1S 
7.7 .· 0.04~.·.· .. ss.· •·•···au·:··.· .... · ... :~86.4/·. >.om• ... C!,99.>,.,- • .. 6,13;<·· .5.908···· 1007.7 i43?.7 

. . 
i353.3 ·.: I'< : 3;45.6 .•. · .. 3.92 849;5 503.9 0.09 .. .. ~~ .· :·, . ..,, ... 

. 11.7 0.070 . ss 81.9 86.4 1.18 0.99 6.16 S.884 1001.3 1433.3 1346.9 34S.6 3.90 11462 S00.6 0.09. 
IS.3 0.092 '56 81.8 72.0 l.SS 0.98 6.18 ~.862 10022 14342 1362.2 360.0 . 3.78 861.1 SOI.l 0.07 
20.2 0.121 56 81.7 57.6 2.03 0.98 6.21 S.833 1001.9 1433.9 1376.3 374.4 3.68 87~.3 ~00.9 0.06 
24.3 0.146 56 81.7 57.6 2.45 0.98 6.24 5.808 993.0 1425.0 1367,4 374.4 3.65 870.9 496.~ 0.06 
28.7 0.172 S6 81.7 S1.6 2.89 0.97 626 5.782 10092 14412 1383.6 374.4 3.70 879.0 . S04.6 0.06 
32.S 0.19S 56 81.6 43.2 328 0.97 629 ~.1S9 10052 1437.2 1394.0 388.8 3.S9 891.4 S02.6 0.04 
36.S 0219 S1 81.5 28.8 3.68 0.96 6.32 5.73S 1019.3 14~1.3 1422.S 4032 3.53 912.8 S09.6 0.03 
4S.O 0.270 S8 81.3 0.0 4.S3 0.9S 6.37 S.684 103S.O 1467.0 1467.0 432.0 3.40 949.S SI7.S 0.00 
S32 0.319 S9 81.3 0.0 S.36 0.9S 6.43 S.63S 1041.8 1473.8 1473.8 432.0 3.41 9S2.9 S20.9 0.00 
61.7 0.370 60 81.3 0.0 621 0.94 6.49 5.S84 10612 14932 14932 432.0 3.46 962.6· 530.6 0.00 
70.3 0.422 61 81.2 -14.4 7.09 0.93 6.SS S.532 1075.6 IS07.6 1522.0 446.4 3.41 984.2 537.8 ~.01 
78.3 0.470 63 81.2 -14.4 7.89 0.92 6.60 S.484 1101.1 1S33.1 IS47.5 446.4 3.47 997.0 SSD.6 ~.01 
86.7 O.S20 63 81.2 -14.4 8.73 o:91 6.67 S.434 1091.1 1S23.1 IS37.S 446.4 3.44 991.9 S4S.S ~.01 

94.S O.S61 64 812 -14.4 9.S2 0.90 6.72 .S.387 1107.3 IS39.3 ISS3.7 446.4 3.48 1000.1 SS3.7 ~.01 

103.S 0.621 66 81.2 -14.4 1o.43 0.90 6.79 S.333 1125.9 · 1SS7.9 1S1t.3 446.4 3.S2 . 1009.4 S63.0 ~.01 

111.8 0.671 67 81.2 -14.4 1121 0.89 6.86 S183 1142.7 1S74.7 1S89.1 446.4 3.S6 1017.7 S71.3 ~.01 

120.0 0.720 68 81.2 -14.4 12.09 0.88 6.92 S234 IIS7.0 1S89.0 1603.4 446.4 3.S9 1024.9 S18.S ~.01 

128.8 0.773 . '69 81.0 -43.2 12.98 0.87 6.99 S.181 IISS.6 IS87.6 1630.8 47S.2 3.43 10S3.0 577.8 ~.04 

136.2 0.817 71 81.0 -43.2 13.72 0.86 ?.OS S.137 1184.6 1616.6 16S9.8 -:~{~--- 3.49 1067.S S92.3 ~.04 

14S.S 0.873 70 81.0 -432 14.66 O.BS 7.13 S.081 1169.7 1601.7 1644.9 3.46 1060.0 S84.8 -0.04· 

1S3.8 0.923 71 81.0 -43.2 IS.SO 0.84 120 S.031 11762 16082 16S1.4 41S2 3.48 1063.3 S88.1 ~.04 

166.7 1.000 72 80.9 -S7.6 16.80 0.83 7.31 4.9S4 1172.0 1604.0 1661.6 489.6 3.39 107S.6 S86.0 ~.OS 

DU DEVlA"• UKil,; SfRESS .1!.1'1'11!.\,; II' '&.&'I ... aa ~ESS- TECH .PWMISOM 

@FAILURE I 86.40 I · @FAILU'RE I 1007.71 I RATIO@ FAILURE r 3.91 DATE 7/30/04 

CHECKED 
REVlEWED 

~- ,_,.__ ·----=-~- .... ..... 



ROJEC1' TITLE 
ROJECT NuMBER 
AMPLEii> 
AMPLE TYPE 
•EPTH INTERVAL 
lACHINE SPEED (in/min) 
TRAIN RATE (o/Jmin) 
ELL PRESStiRE (psi) 
AMPLE PRESSURE (psi) 
FF. CONSOLIDATION 
RESSURE, a3 (psi) 
RESSURE, a3 (psf). 
tNAL "8" VALUE 
o (minutes) 

tiME 
(MIN) 

0:0 
0.5 
1.0 
I.S 
2.0 
2.5 

ACCUM. 
DEFLECr. 

Cinches) 
0.000 
0.003 
0.006 
0.009 
0.012 
0.015 

4,2 0.025 
8.3 0.050 

:::wr.;mm;l , ::'""''"'"'iii:,, ., ,. : , . "''"""'' 
'·' 0.100 

21.7 0.130 
25.0 O.ISO 
29.2 0.175 
36.7 0.220 
41.7 
50.0 
58.3 
66.7 
79.2 
8H 
91) 
100.0 
108.3 

116.7 
125.0 
133.3 
141.7 
150.0 
158.3 
166.7 

0.250 
0.300 
0.350 
0.400 
0.415 

0.500 
0.550 
0,600 

0.650 
0.700 
0.150 
0.800 
0.850 
0.900 
0.950 
1.000 

ROCKY ~ANDLAB TESTING/CO INITIAL SAMPLE DATA 
;,.~7"ft11 HEIGHT 

. PF • 7 DIAMETER 

BUJk AREA 

~----~----~-~----------_JVOLUME 
0.006 WEIGHT (g) 
0.10 %MOISTURE 
89.0 SPECIFICGRAVITY 
80.0 MOIST DENSITY (pcf) 

9.0 
1296.0 

0.23 

AXIAL 
LOAD 
(1\ls) 
20 
48 
60 
69 
75 
80 
94 
liS 

132 
I3S 

137 
139 
142 
144 
147 
ISO 

m 
160 
162 
16S 
169 
172 
176 
177 
181 
182 
183 
184 
185 

DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 

Mounting Method ... ! -W-et-.. 1 VOID RATIO 
SATURATION 

PORE. 

Cosi)=U 
80.7 
82.6 
8.1.1 
83.5 
83.7 
83.9 
84.2 
84.0 

83.3 
83.2 
83.1 
83.0 
82.9 
82.8 
82.7 
82.S 
82.3 
82.2 
82.1 
81.9 
81.8 
81.7 
81.6 
81.5 
81.4 
81.4 
81.3 
81.3 
811 

PWPmim&e 
DU(psf) 

(ace) 

0.0 
273.6 
345.6 
403.2 
432.0 
460.8 
504.0 
475.2 

'''"'374'.4' 
360.0 
345.6 
331.2 
316.8 
302.4. 
288.0 
259.2 
230,4 
216.0 
201.6 
172.8 
158.4 
144.0 
129.6 
IIS2 
100.8 
100.8 
86.4 
86.4 
72.0 

8 

%STRAIN 
(%) 

(I -a) 

1.00 
too 
1.00 
1.00 
1.00 
1.00 

CORR. 

(in2) 
6.10 
6.10 
6.10 
6.lt 
6.11 
6.11 

1.00 6.12 

•. 68';;;,.:::::. :.:;.:;:':o:98.;;;;,, :··' ,,,;::·:•::r26'' 

2.18 
2.52 
2.94 
3.69 
4.19 
5.03 
S.87 
6.71 
7.97 
8.39 
9.23 
10.06 
10.90 
11.74 
12.S8 
13.42 
14.26 
1S.IO 
15.93 
16.77 

0.98 6.23 
0.97 6.26 
0.97 6.28 
0.96 6.33 
0.96 
0.95 
0.94 
0.93 
0.92 
0.92 
0.91 
0.90 
0.89 
0.88 
0.87 
0.87 
0.86 
0.85 
0.84 
0.83 

6.37 
6.42 
6.48 
6.54 
6.63 
6.66 
6.12 
6.78 

. 6.84 

6.91 
6.98 
7.04 
7.11 
7.18 
7.25 
7.33 

."'---. 
r-.....=cm:.::...___,.--.....::in!--+...;co::::.:rm:t=:ed~ 1 
t-:1:.::.5:::.2::.:58:__~·:::.:6.0.::.:0:.:.7 __ ~;::;5.9~6=2~·· 

7.087 2.790 2.787 

39.44 6.11 6.10 

601.81 36.72 36.36 

1284.97 1308.97 

12.2 14.32 

CORRECTED SAMPLE DATA 
DRY DENSITY, calc (pci) 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID RATIO 

119.9 

424.09 

171.72 

0.405 

2.70 

133.2 
WATER CONTENT(% MOISTURE) ...... ____ ..., 
WT SOIL & TARE, MOIST (g) 

WT SOIL & TARE, DRY (g) 

CORR. 
HEIGHT 

(in) 
5.962 
5.959 
5.956 
5.953 
5.950. 
5.947 

118.7 
424.09 
177.72 

0.419 
78.7 

DEV. 
STRESS 

(psi) 

0.0 
660.8 
943.6 
115s.J 
1296.1 
1413.2 

5.937 1740.0 

1296.0 
1956.8 
2239.6 
24SI.3 
2592.1 
2709.2 
3036.0 

SiGMA~ 
EFF. 
(a,~ 

1296.0 
16832 
1894.0 
2048.1 
2160.1 
2248.4 
2532.0 

SIGMA3 
EFF. 

(a..dlJ) 

-f2%.o 
1022.4 
950.4 
892.8 
864.0 
8351 
792.0 

WTTARE(g) 
WT MOISTtiRE (g) 
WT DRY SOIL (g) 
%MOISTURE 

EFF.PRN 
STRRATIO 

(a1'1 a 1') 

1.00 
1.65 
1.99 
2.29 
2.50 
2.69 
3.20 

~ 

(P) 

1296.0 
1352.8 
1422.2 

. 1470,4 
ISI2.0 
1541.8 
1662.0 

5.912 2224.4 3520.4 30452 820.8 3.71 1933.0 
'~. _,,,,,.,l..,;,;•m~•ft ·, . ""''"'=·•··· · ·· 

.. · ..... :!;,; ;!!''! !>r .·:, ·,. ··,,:. .. . . ···"·.;~·~:. ::·:.:·! ·.:l~i~l~-,. ,;l';::;~;i~iij;:;~ ~;c~i:-~~--, ._,, :.:·,.,;!:·:.:,;:,;, ~==· · 
5.862 2600.3 .>o:ro • .> 3521.9 921.6 ilii'"""'"'' ;·; ... , ... n21.1 

S.832 2656.3 3952.3 3592.3 936.0 3.84 2264.1 
5.812 26932 
5.181 2727.5 
5.742 2774.5 
5.712 
S.662 
5.612 
5.562 
S.487 
5.462 
5.412 
5.362 
5.312 
5.262 
5212 
5.162 
5.112 
S.062 
5.012 
4.962 

2805.2 
2847.9 
2889.5 
2973.9 
3042.4 
3071.8 
3108.0 . 

3164.3 
3197.9 
3251.1 
3240.9 
3291.6 
3279.9 
3267.9 
3255.5 
3242.6 

39892 
4023.5 
4070.5 
4101.2 
4143.9 
4185.5 
4269.9 

"4338.4 
4367.8 
4404.0 
4460.3 

. 4493.9 
4547.1 
4536.9 
4581.6 
4515.9 
4563.9 
4551.5 
4538.6 

3643.6 
3692.3 
3753.7 
3798.8 
3855.9 
3926.3 
4039.5 
4122.4 
41662 
4231.2 
4301.9 
4349.9 
4417.S 
4421.7 
4486.8 
4475.1 
4417.5 
4465.1 
4466.6 

950.4 
964.8 
979.2 
993.6' 
1008.0 
1036.8 
1065.6 
1080.0 
1094.4 
11232 
1137.6 
1152.0 
1166.4 
1180.8 
1195.2 

--ll'U~--
1209.6 
1209.6 
1224.0 

3.83 
3.83 
3.83 
3.82 
3.83 
3.79 
3.79 
3.82 
3.81 
3.17 
3.78 
3.78 
3.79 
3.74 
3.7S 
3.74 
3.70 
3.69 
3.65 

2297.0 
2328.5 
2366.4 
2396.2 
2432.0 
2481.5 
25S2.S 
2601.2 
2630.3. 
2617.2 
2719.7 
2750.9 
2792.0 
2801.2 
2841.0 
2835.2 
2843.5 
2837.3 
2845.3 

~· 

COl 
0:0 
330.4 
471.8 
511.6 
648.0 
706.6. 
870.0 
1112.2 

1308.97 

1145.03 
0.00 

163.94 

1145.03 
14.32 

(A) 
0 

0.41 
0.37 
0.35 
0.33 
0.33 
0.29 
0.21 

. . ·: .. ,,,;,~~m: ·:,!:;'ii:!I';'W : ''""'''l:igr,::i;· 

1328.1 
1346.6 
1363.7 
1387.2 
1402.6 
1424.0 
1444.7 
.1486.9 
IS21.2 
1535.9 
ISS4.0 
15821 
1598.9 
1625.6 
1620,4 
1645.8 
1640.0 
1633.9 
1627.7 
1621.3 

0.14 
0.14 
0.13 
0.12 
0.11 
0.11 
0.10 
0.09 
0.08 
0,07 

0.01 
0.06 
0.05 
0.05 
0.04 
0.04 
O.oJ 
0.03 
0.03 
0.03 
0.02 

DU 
@FAILURE I 417.6 I 

U)!;VIATUKI\,; STRESS ...... ----. 
@ FAILURE I 1494.8 I 

EFFECTIVE PRINCIPLE 1!iTK~ 
RATIO® FAILURE I 3.84 I 

TECH ~nu 
DATE li)4nnn4 

- - - ~- ~- - ·- -

CHECKED 
RE~EwED~------~ 



TRL\XIAt,._ I TEST (ASTM D 4767) coArno liNDRAINED WlTH PORE ~~ 

lOJEct TITLE ROCKY FLA"fSIFIELD ~D.LAB T.t.:> IIN\.J/1.;1... INITIAL SAMPLE DATA em. in comcted 
/ 

CORRECTEDSANWLEDATA 
lOJECT NUMBER nA"> ""·'" nnn1 HEIGHT 15.245 6.002 5.961 .. DRY DENSITY, calc (pet) 115.5 
OOLEID _IT-_! DIAMETER 7.087 2.790 2.763 VOLUME OF SOLIDS 401.38 
OOLE TYPE . ~ AREA 3~.44 6.U S.99 VOLUME OF VOIDS I84.23 
EPTH iNTERVAL - VOLUME 601.31 36.69 35.74 VOID RATIO 0.459 
lACHINE SPEED (in/min) 0.006 WEIGHT(g) I229.74 I262.04 
rRAIN RATE (o/crlrnin) 0.10 %MOISTURE 13.5 16.45 
ELL PRESSURE (psi) ~ SPECIFIC ORA VlTY 2.70 WATER CONTENT(% MOISTURE) 
AMPLE PRESSURE (psi) 80.0 MOIST DENSITY (pet) I27.6 WT SOIL & TARE, MOIST (g) I262.04 
FF. CONSOLIDATION DRY DENSITY, calc (pet) 112.5 WT SOIL & TARE, DRY (g) I083.72 
RESSURE, al (psi) 9.0 VOLUME OF SOLIDS 401.38 WTTARE(g) 0.00 
RESSuRE, al (psf) 1296.0 VOLUME OF VOIDS 199.93 WT MOISTURE (g) 178.32 
f'NAL "B" VALUE 1.00 Mounting Metbodl Wet lvOIDRATIO 0.498 WT DRY SOIL (g) 1083.72 
o (minutes) 0.13 SATURATION 73.0 %MOISTURE 16.45 

ACCUM. AXIAL PORE PWPdJange & CORR. CORR DEV. SIGMA I SIGMA I SIGMA3 EFF.PRN ~ ~ mAE PRESS. DU(psf) %STRAIN (I~) HEIGHT STRESS devstr+1:p EFF. EFF. 
~~~~0 <MiN> (indies) (lbs) ~ ~ (%) (in 2) (in) Jpsf) (o,) . (o!-dU) (o,..dU) (P) Jg)_ ___® 

0.0 0.000 14 81.3 0.0 0.00 1.00 5.99 5.961 0.0 1296.0 1296.0 1296.0 1.00 1296.0 0.0 0 
0.3 0.002 45 83.2 273.6 0.03 1.00 6.00 5.959 761.2 2057.2 1783.6 1022.4 1.74 1403.0 380,6 0.36 
0.8 0.005 53 83.6 3311 0.08 1.00 6.00 5.956 948.0 2244.0 1912.8 964.8 1.98 1438.8 474.0 0.35 
1.3 0.008 59 83.9 374.4 0.13 1.00 6.00 5.953 1081.9 2377.9 2003.5 921.6 2.17 1462.5 540.9 0.35 
1.8 0.011 63 84.1 403.2 0.18 1.00 6.01 5.950 1177.2 2473.2 2070.0 892.8 2.32 1481.4 588.6 0.34 
2.3 0.014 65 84.3 432.0 0.23 1.00 6.01 5.947 1241.3 2537.3 2105.3 864.0 2.44 1484.7 620.7 0.35 
2.8 0.017 68 84.5 460.8 «p9 1.00 6.01 5.944 1293.4 2.589.4 2128.6 83.5.2 · 2.SS 1481.9 646.7 0.36 
3.2 0.019 69 84.7 489.6 0.32 1.00 6.01 .5.942 1333.7 2629.7 2140.1 806.4 2.6.5 1473.2 666.8 0.37 
7.3 0.044 73 8.5.4 590.4 . 0.74 0.99 6.04 .5.917 . 1428.2 2724.2 2133.8 705.6 3.02 1419.7 714.1 0.41 

. 11.5 0.069 72 85.7 633.6 1.16 . 0.99 6.07 5.892 1388.9 2684.9 2051.3 662.4 3.10 1356.9 694.5 0.46 
14.7 0.088 . 71 85.9 662.4 1.48 0.99 6.08 .5.873 1365 . .5 2661.5 1999.1 633.6 3.16 1316.4 682.8 0.49 

... 19:7· :. OJI8_ .. · 
.>. 

:o.7L 86.0.' · .; 676.8·· ·· 1.98 •'.· .. 0.98 ,; •. .·.:_6,12 :<\. •' 5.843 1•.·._mu·_.• 2652.2 ·•..;1975.4. ·.: 619.2; ... ·3.19 . 1297.3. 678.1 .. . : o.so .. , .. .>:· . ·:,·· 
23.8 0.143 70 86,1 691.2 2.40 0.98 6.14 .5.818 1324.6 262o.ci' 1929.4 604.8 3.19 1267.1 662.3 0 . .52 
28.2 0.169 70 862 705.6 2.84 0.97 6.17 5.792 1311.7 2607.7 1902.1 590.4 3.22 1246.2 655.8 0.54 
32.0 0.192 69 86.2 705.6 3.22 0.97 6.19 5.769 1283.2 25792 1873.6 590.4 • 3.17 1232.0 641.6 o.ss 
35.8 0.215 69 86.3 720.0 3.61 0.96 6.22 5.746 1275.8 2571.8 1851.8 576.0 3.21 1213.9 637.9 0.56 
40.5 0243 69 86.3 720.0 4.08 0.96 6.25 5.718 1276.5 2572.5 1852.5 576.0 3.22 1214.2 6382 0.56 
44.S 0.267 69 86.4 734.4 4.48 0.96 6.28 5.694 1271.1 2567.1 1832.7 561.6 3.26 1197.2 635.6 0.58 
52.8 0.317 69 86.4 734.4 5.32 0.95 6.33 5.644 1266.8 2562.8 1828.4 561.6 3.26 1195.0 633.4 0.58 
61.3 0.368 70 86.4 734.4 6.17 0.94 . 6.39 5.593 1280.1 2576.1 1841.7 561.6 328 1201.7 640,1 0.57 
69.8 0.419· 70 86.4 734.4 7.03 0.93 6.45 5.542 1268.4 2564.4 1830.0 561.6 326 119.5.8 634.2 0.58 
n.s 0.465 71 86.4 734.4 7 .. 80 0.92 6.SO 5.496 1262.4 2558.4 1824.0 561.6 3.2.5 1192.8 6312 0.58 
86.3 0.518 71 86.4 734.4 8.69 0.91 6.57 5.443 1265.5 . 2S61.S 1827:1 561.6 3.25 . 1194.4 632.8 0.58 

; 
94.7 0.568 72 86.4 . 734.4 . 9.53 0.90 6.63 5.393 1277.8 . 2573.8 1839.4 561.6 3.28 1200.5 638.9 O.S1 
103.3 0.620 72 86.4 734.4 10.40 0.90 6.69 5.341 1256.9 2552.9 1818.5 561.6 .324 1190.0 628.4 0.58 
150.0 0.900 72 '86.4 734.4 IS.lO 0.85 7.06 5.061 1193.0 2489.0 1754.6 561.6 3.12 1158.1 596.5 0.62 
158.3 0.950 72 86.4 734.4 15.94 0.84 7.13 5.011 1181.2 2477.2 1742.8 ~1.6 3.10 1152.2 590.6 0.62 
166.7 1.000 72 86.4 734.4 16.78 0.83 120 4.961 1169.5 2465.5 1731.1 561.6 ___ 3.08 1146.3 584.7 0.63 
0.0 -11707.2 0.00 1.00 5.99 5.961 -324.3 971.7 12678.9 130032 0.98 12841.1 -162.1 36.10 

0.0 -11707.2 0.00 1.00 5.99 5.961 -324.3 971.7 12678.9 13003.2' 0.98 12841.1 ·162.1 36.10 

DU DEVIATORIC STRESS EFFECTIVE.·- ·~--'LE STRESS TECH PWU~nU 

I @FAILURE I I @FAILURE I 1356.1 I RATIO@FAILURE I 3.19 DATE '7nnnnnA 676.8 
CHECKED 

REViEwED 
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TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASfMD4767 

PROJECT NAME: 
PROJECT NUMBER: 
SAMPLEID: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-2246-{)001 
PF-8 DEPTII: 

STRESS-STRAIN CURVE 

Sample Type: 

043-22~001 

Bulk 

:zooo 

~ 
~ 

i'ooo... 

~ 1 

0 
0 2 4 6 I 10 12 14 16 

•;.STRAIN 

STRESS RATIO-STRAIN CURVES 
6 

5 

............ .1. 

:1 --- 1 

';/ J, 

0 
0 2 4 6 10 12 14 ' 16 

%STRAIN 

PORE PRESSURE-STRAIN CURVE 
1000 

750 
"J 

500 r -
J 2 
r--~ 

250 

""---
0 

1 

-250 
0 2 4 6 a 10 12 14 16 

%STRAIN 

-

II 20 

II ·20 

18 20 

Effective .·. Initial: Initial 
· eonfinins 

:~ .. -
, · Molslllre 

.. ,~,.;.- Content 
·_ Speclriien : (Jiaf) -: ~-: (pet) (%) 

1 432 112.5 13.8 
2 864 112.3 13.6 
3 1296 112.5 13.5 

Averase 111.4 13.6 

· . FAJLlJRE SKETOI.· 

0 0 
! , 
\ ..1 

1 2 3 

Soil Description 
Brown, COARSE TO FINE SAND, some fine 
wave1, some silty clay. 

LL PL PI 

Comments 
Sample was remolded to approx. 95% of the 
Max. Dry DenSity,@ Opt. Moisture Content +2%. 

* Failure based on effective stress ratio 
or rs•1. straia. 
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TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 

PROJECT NAME: 
PROJECT NUMBER: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-2246-0001 

SAMPLEID: PF-8 DEPTII: 

STRESS PATH 
3000 

Sin( Ill) •tan(ca) 

a c•--
COS( Ill) 

:zooo . 

... EFFEC'IJVE 

__ .............. .--··· yc 0.3888x + 180.49 

1000 
_.:.-···-

~~ 10TAL 

: J 
D 0.1682x + 3S1.71 

~ ----x L ................ 
1 

0 

0 1000 3000 4000 

S1RESSPA1H MOHR CIRCLES 
... , *TOT~ S1RESS PAkAMEJ'ER 

... -roTALSlRENGJHPAkAMEJ'ER •·••· . 
a 9.5 • • ~7· 

a 351.8 psf' c 356.9 psf' 

Bulk 

' Effec:tlw .. Initial ' ' >InitiaL . 

. corifinini ,DrY. : : ·~~.~ 
Pni.SUre .· ~: .· eoidii~ 

Specbnen : •···(Jisf,·••'···· >; (Pc:f):.' ·. :.·. (%) • . 
1 432 i 112.5 13.8 
2 864 1 112.3 13.6 
3 1296 1 112.5 13.5 

1 0.10 75.0 93.6 
2 0.10 73.4 93.6 
3 0.10 73.0 96.8 

. ' ..• ···: • EFFEcnVE STREss PARAMEJER. "EfFECTIVE STRENGTH. PARAMm . · . 

.;::-... 
Q, ....... 

fl.) 

~ 
!-o 
fl.) 

~ 
< 
~ 

= fl.) 

a' 
a' 

21.2. 
180.5 PSf 

•• 
c' 

MOHR STRESS CIRCLES 

22.9 • 
195.9~ 

3000~----------~-------------r------------~----------~ 

.. ... . . 
:zooo 

1000 

0 1000 

EFFEC'IJVE 

, ___ ... -················-···--·· 
y D 0.422x + 19S.9 

y D 0.1706it + 3S6.8S 

:zooo 
NORMAL STRESS (psf) 

3000 4000 

Soil Descriptioa 
Brown, COARSE TO FINE SAND, some fine 
gravel, some silty clay . 

uses (SC) J 

LL PL PI 

Commeats 
Sample was remolded to approx. 95% of the 
Max. Dry Deusity, @ Opt. Moisture Content +2".4. 

* Failare based oa effective stress ntio 
or IS% stnia. 



Mohr data 

CONSOLIDATED UNDRAINED TRIAXIAL STRENGTH . CONSOLIDATED UNDRAINED TRJ 

MOHR CIRCLE GENERATION SPREADSHEET MOHR CIRCLE GENERATION SPRJ 

PF-8 - B c A · PF-8 -
CONFINING PRESSURE USED (S~ 432 864 1296 psf CONFINING PRESSURE USED (S3) 

CONFINING PRESSURE USED (S3) 432 864 1296 psi . CONFINING PRESSURE USED (S3) 

MAXIMUM DEVIATOR STRESS (PS 1007.7 1222.1 13S6.2 psf MAXIMUM DEVIATOR STRESS (PS 

(or load at 1S%strain) (or load at 1S%slraiD) 

dUATFAIL (S1-S3)12 tS 1 '+S3')12 cob sin phi phi dUATFAIL 1s1.sm (S 1 '+S3')12 

86.4 S03.9 849.S COH 1&:2 90 0.4819687S1 29 - 86.4 S03.9 93S.9 

403.2 611.0 1071.8 COH1&3 170 0.3890S2893 23 403.2 611.0 147S.O 

. 6\7_6.8 678.1 1297.3 COH2&3 290 0.297401663 17 676.8 678.1 1974.1 .. , 
EFFECfiVE TOTAL 

TAPOINTS A B c DATA POINTS A B 
MOHR.1 MOHR.2 MOHR,3 MOHR.1 MOHR.2 

X Y,1 Y). Y,3 X Y,1 Y). 

0 ##NUMl #INUMI tiNUMl 0 #INUMI ##NUMl 
10 ##NUMl #INUM! #INUMI 10 tiNUMl I#NUMI 

20 .##NUMJ #INUMI #INUMI 20 #INUMI I#NUMI 

30 I#NUMI #INUMI #INUMI 30 . #INUMl I#NUMI 

40 #NUMI #INUMI . tiNUMl 40 #INUMl I#NUMI 

so #NUMI #INUMI tiNUMl so #INUMl ##NUMl 
60 . ##NUMl #INUMI tiNUMl 60 #INUMI #NUMI 

70 #NUMI #INUMI tiNUMl 70 #INUMl #NUMI 
80 ##NUMl #NUMI tiNUMl 80 tiNUMl I#NUM! 

90 #NUMI #NUM! #INUMI 90 #INUMI #NUMI 

100 #NUMI #INUMI tiNUMl 100 tiNUMl #NUMI 

110 t#NUM! #INUMI tiNUMl 110 #INUMI I#NUMI 

120 #NUMI #INUMI #INUMI 120 #INUMI #NUMI 

130 #NUMI #NUMI #INUMI 130 #INUMI #NUMI 

140 #NUMI #INUMI #INUMI 140 #INUMI #NUMI 

1SO #NUMl #NUMI #NUMI 1SO #INUMI #NUMI 

160 #NUMI #INUMI tiNUMl 160 #INUMI #NUMI 

170 #INUMI #NUMI t#NUMI 170 #NOM! #NUMI 

180 #INUMI #INUMI tiNUMl 180 #INUMI #NUMI 

190 #NUMl #INUMI tiNUMl 190 tiNUMl #NUMI 

200 #INUMI #INUMI t#NUMI 200 #INUMI #NUMI 

210 #INUMI #INUMI tiNUMl 210 #INUMI #NUMI 

220 tiNUMI #NUMI f#NUMt· 220 #NUMI #NUMI 

230 . #NUMI #INUMI t#NUMI 230 #INUMI #INUMI 

240 #INUMI #INUMI tiNUMl 240 #INUMI #NUMI 

2SO #INUMI #INUMI t#NUMI 2SO #INUMI #NUMI 

260 #NUMl #INUMI #NUMI. 260 #NUMl #NUMI 

270 #INUMI #NUMI #NUMI 270 ##NUMI #NUMI 

280 #INUMI #INUMI #NUMI 280 ##NUMI #NUMI 

290 .#NUMI #NUMI fiNUMI 290. #NUMI #INUMI 

300 #NUMI #INUMI fiNUMI 300 ##NUMI #NUMI 

310 #NUMl #INUMI #NUMI 310 #NUMI #INUMI 

320. ##NUMI #NUMI #NUMI. 320 ##NUMI #NUMI 

330 #NUMI ##NUMI fiNUMI 330 ##NUMI #NUMI 

340 ##NUMI #NUMI #NUMI 340 #INUMI #INUMI 

3SO 66 #NUMI #NUMI 3SO. . ##NUMI #NUMI 

360 120 #NUM! .fiNUMI 360 ##NUMI #NUMI 

Page I 



tOJECl' TITLE 
tOJEC'i' NUMBER 
\MPLEID 
OOLETYPE 
EPTH iNTERVAL 
<ACmNE SPEED (in/min) 
rrwN RATE (o/Jmin) 

ELL PREsSuRE (psi) 

1\Mi>LE PREsSuRE (psi) 

FF. CONSOLIDATION 
lESSuRE, a3 (psi) 

RESSURE, aJ (psf} 

INAL "8" VALUE 
) (minutes) 

TIME 
(M]N) 

0.0 
0.3 
0.8 
1.3 
1.8 
2.3 
2.8 

3.3 
1.S 

.· .·II..S ... 

IS.S 

20.0 
24.2 
28.3 
32.3 
36.2 
45.0 
S3.2 
6l.S 
70.3 
78.3 
86.7 

9~.0 

103.7 

112.0 
120.2 
128.7 
136.8 

145.S 

162.2 

ACaJM 

Cincbes) 
0:000 
0.002 
O.OOS 
0.008 
0.011 
0.014 

0.017 
0.020 
0.045 

,_::_0.069'.'-':· 

0.093. 
. 0.120 

0.14S 
0.170 
0.194 
0.217 
0.270 
0.319 
0.369 

0.422 
0.470 
O.S20 

0.570 

0.622 

o.6n 
0.721 

~. 0.772 

: 0.821 
. 0.873 

0.973 

TRIAXIAL . TEST (ASTM D 4767} ~TED uNDRAINED wiTH PORE ~.mu~· 
ROCKY FLATS/FIELD AND LAB l.t.;S lNG/CO INITIAL SAMPLE DATA 

1-----I\Ai~!,::-~~"'"~ft!!!''"!!!"i!.._I ___ ~ HEIGHT 
1------_..:,P.:..F;....; -· 8:;,._ ____ --1 DIAMETER 

Bulk AREA 
~------=~_------~VOLUME 

86.0 
80.0 

6.0 
864.0 
Too . 
0.41 

WEIGHT(g) 
%MOISTURE 
SPECIFIC GRAVITY 
MOIST DENSITY (pet) 

DRY DENSITY, calc (pet) 
VOLUME OF SOLIDS 

r--"":':":'~-. VOLUME OF VOIDS 
Mounting Method! Wet I VOID RATIO 

SATURATION 

. AXIAL PORE PWP cbange s CORR. CORR. 
LOAD DU %STRAIN (l-41) 
(lbs) (psi)=U (ace) (%) (in 2) 

. HEIGHf 
(in) 

14 81.4 0.0 0.00 1.00 6.06 
36 82.6 172.8 0.03 1.00 6.06 
44 83.0 230.4 0.08 1.00 6.06 
so 83.3 273.6 0.13 . 1.00 6.06 
SS 83.S 302.4 0.18 1.00 6.07 
S8 83.6 316.8 0.23 1.00 6.07 
61 83.7 331.2 0.28 1.00 6.07 

63 83.8 34S.6 0.34 1.00 6.08 

S.968 
S.966 
S.963 
S.960 
S.9S1 
S.9S4 
S.9SI 
S.948 

em in corrected 
I 

1---=1~52:=.4.;.;0~_....;6;:,:.0:..:.00:......· +-..:5.:.;..9,;.:68~· ~-
7.087 2.790 2.777 
39.44 6.11 6.06 

601.11 36.68 36.14 
1229.05 1261.25 

13.6 16.56 
2.70 
127.6 
112.3 

400.15 
200.36 
0.500 
73.4 

DEV. 
STRESS 

(psf) 

0.0 

520:5 
722.2 
861.9 
968.3 
1057.9 
1121.4 
116S.9 

864.0 

1384.5 
IS86.2 
172S.9 
1832.3 
1921.9 
198S.4 
2029.9 

SIGMA I 

(a,-i!U) 

864.0 
1211.7 

ms.8 
14S2.3 
IS29.9 
160S.I 
1654.2 
1684.3 

SIGMA3 

(ari!U) 

864.0 

691.2 
633.6 
S90.4 
S61.6 
S47.2 
S32.8 
Sl8.4 

67 84.1 388.8 0. 75 0.99 6.10 S.923 ll5S.4 2119.4 173D.6 47S.2 
"":66L·~~:. ::;:84~.iJI:'-::t4oo,2:;: :.-_u6t:: _·,,o.99: •. ·_6.13•; 

6S 84.2 403.2 l.S6 0.98 6.1S 
_,,. ~-899. ,, _lm:t ·• :' 2086.1j' 1·:·. ~~'~:<i:' :~>460.8;; 

S.81S 1210.1 2074.1 1670.9 460.8 
64 84.3 417.6 2.01 0.98 6.18 
6S 84.3 417.6 2.43 0.98 6.21 
64 84.3 417.6 2.8S 0.97 6.23 
64 84.3 417.6 3.2S 0.97 6.26 
6S 84.3 417.6 3.64 0.96 6.28 
6S 84.4 432.0 4.S2 0.95 6.34 
66 84.4 432.0 S.JS 0.9S 6.40 
66 84.4 432.0 6.18 0.94 6.46 

67 84.3 417.6 7.07 0.93 6.52 
67 84.4 432.0 7.88 0.92 6.S7 
68 84.4 432.0 8.71 0.91 6.63 
69 84.4 432.0 9.55 . 0.90 6.70 

69 84.4 432.0 10.42 0.90 6.76 

70 84.4 432.0 11.26 0.89 6.82 

70 84.3 417.6 12.08 0.88 6.89 
71 84.4 432.0 12.94 0.87 6.96 
n 84.4 432.0 13.76 o.86 1.02 
73 84.3 417.6 14.63 0.8S 7.09 

75 . 84.3 417.6 16.30 0.84 7.24 

S.848 
S.823 
S.798 
S.774 
s.m 
S.698 
S.649 
S.S99 
S.S46 
S.498 
S.448 
S.398 

-5.346 

S.296 
S.247 
S.l96 
S.147 
S.09S 
4.99S 

1178.9 
1183.1 
1168.8 
1166.3 
1173.1 
m7.7 
116S.8 
IIS9.9 
1168.8 
1174.1 
1178.6 
1182.8 

1182.1 

118S.8 
1181.1 
1190.3 
1201.6 
1201.7 

121S.9 

2042.9 
2047.1 
2032.8 
2030.3 
2037.1 
2021.7 
2029.8 

. 2023.9 
2032.8 
2038.1 
2042.6 
2046.8 
2046.1 

2049.8 
204S.I 
20S4.3 
206S.6 
206S.7 
2079.9 

162S.3 
1629.S 
161S.2 
1612.7 
1619.s 
IS89.7 
IS97.8 
IS91.9 

161S.2 
1606.1 
161D.6 
1614.8 
1614.1 
1617.8 

1627.5 
1622.3 
1633.6 
1648.1 
1662.3 

446.4. 

446.4 
446.4 
446.4 
446.4 
432.0 
432.0 
432.0 

446.4 
432.0 
432.0 
432.0 
432.0 
432.0 
446.4 
432.0 
432.0 
446.4 
446.4 

CORRECTED SAMPLE DATA 
DRY DENSITY, calc (pet) 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID RATIO 

114.0 
400.15 
191.56 
0.478 

WATER CONTENT(% MOISTURE),.-----. 
Wf SOIL & TARE, MOIST (g) 
Wf SOIL & TARE, DRY (g) 
WfTARE(g) 
Wf MOISTURE (g) 
Wf DRY SOIL (g) 
%MOISTURE 

EFF.PRN 
RATIO 

(a,'/ a,1 
1.00 

1.7S 
2.14 
2.46 
2.n 
2.93 
3.10 
3.2S 

3.64 
: .. 3.6S ; : 

3.63 
3.64 
3.6S 
3.62 
3.61 
3.63 
3.68 
3.70 
3.69 
3.62 
3.n 
3.73 
3.74 

3.74 
3.74 
3.6S 
3.76 
3.78 
3.69 

3.72 

864.0 

9S1.5 
994.7 
1021.4 
104S.7 
1076.2 
1093.S 
I 101.3 
1102.9 
107U.·· 
106S.8 
103S.8 
1038.0 
1030.8 
1029.S 
1032.9 
1010.9 
1014.9 
1012.0 
1030.8 
1019.0 
1021.3 
1023.4 
1023.0 
1024.9 
1036.9 
1027.1 
1032.8 
1047.2 
IOS4.3 

(Q) 

0.0 

260.3 
361.1 
431.0 
484.1 
S29.0 
S60.1 
S82.9 
627.7 

. • 611.0 ·<: 
60S.O 
S89.4 
S91.6 
S84.4 
583.1 
586.S 
578.9 
S82.9 
S80.0 
584.4 
S87.0 

589.3 
S9l.4 
S91.0 
592.9 

· 590.5 

S9S.I 
600.8 
600.8 
607.9 

1261.25 
1082.02 

0.00 
179.23 
1082.02 
16.56 

(A) 

0.00 
0.33 
0.32 
0.32 
0.31 
0.30 
0.30 
0.30 
0.31 
0.33 
0.33 
0.3S 
0.3S 
0.36 
0.36 
0.36 
0.37 
0.37 
0.37 
0.36 
0.37 
0.37 
0.37 
0.37 
0.36 
0.3S 
0.36 

0.36 
0.3S 
0.34 

DU 
@FAILURE 403.2 I 

Difu TO RIC STRESS 
@FAILURE ,...., -l~ll~l.~l ...,, 

t;J<J<t;t:HV.t; PIW'IIt:dLE STRESS 

RATIO@FAILURE I 3.65 I 
TECH owul'i:nu 

DATE 

,.,._ 1-'-- A ---.-:lft4.~,. 1 .. ,. 

CHECKED 1------1 
REVIEWED 



TRIJl Yl .& I' {;UMI"K I TEST (ASTM D 4767) ~TED tiNna.&t'Nwl) WITH PORE F • lOJECT TITLE -ROCKY FLATS/FIELD AND LAB . ~ llNU/l;U INITIAL SAMPLE DATA em in corrected I CORRECTED SAMPLE DATA 

lOJECT NUMBER " ........... ""'11 HEIGIIT IS.248 6.003 S.981 ..:---· DRY DENSITY, calc (pet) 119.9 

<\MPLEIO PF-9 DIAMETER 7.087 2.790 2.780 VOLUME OF SOLIDS 423.44 

o\MPLETYPE Bulk AREA 39.44 6.11 6.07 VOLUME OF VOIDS 171.S7 

EPTH INrERV AL - VOLUME 601.41 36.70 36.31 VOID RATIO 0.40S 
lACHINE SPEED (in/min) 0.006 WEIGHT (g) 1286.57 1310.17 

fiWN RATE (%/min) 0.10 %MOISTURE 12.S 14.60 
ELL PRESSURE (psi) 86.0 SPECIFIC ORA VITY 2.70 WATER CONTENT(% MOISTURE) 
AMPLE PRESSURE (psi) Bo:o MOIST DENSITY (pet) 133.S WT SOIL & TARE, MOIST (g) 1310.17 
FF. CONSOLIDATION DRY DENSITY, calc (pet) 118.6 WT SOIL & TARE, DRY (g) 1143.28 
itESSURE, cr3 (psi) 6.0 VOLUME OF SOLIDS 423.44 WTTARE(g) 0.00 
R.ESsuRE, crJ (psf) 864.0 VOLUME OF VOIDS . 177.97 WT MOISTURE (g) 166.89 
fNAL "8" VALUE 1.00 Mounting Method! Wet I VOID RATIO 0.420 WT DRY SOIL (g) 1143.28 
o(minutes) 0.16 SATURATION 80.S %MOISTURE 14.60 

ACCUM. AXIAL PORE PWPchange B CORR. CORR. DBV. SIGMA I SiClMAI. SIGMA3 

~=0 ~ 
(!U.:..!W = DU(psf) %STRAIN- (1-a) STR 

(inches) Obs) (psi)-U (ace) (%) (in2) (in) (psf) (at) (a,-dU) (a..-dU} (a1'1 a 1') (P) (Q) {A) 
0.0 0.000 13 8t.S 0.0 0.00 1.00 6.07 5.981 0.0 864.0 864.0 864.0 1.00 864.0 0.0 0.00 
0.5 0.003 38 83.1 23D.4 0.05 1.00 6.07 5.978 S91.4 1461.4 1231.0 633.6 1.94 932.3 298.7 0.39 
0.8 O.OOS 43 83.3 2S92 0.08 1.00 6.08 S.916 701.5 1565.5 1306.3 604.8 2.16 955.6 350.8 0.37 
1.5 0.009 52 83.7 316.8 0.15 1.00 6.08 5.972 921.3 1785.3 1468.5 547.2 2.68 1007.9 460.7 0.34 
2.0 0.012 S9 83.9 345.6 0.20 1.00 6.08 5.969 1086.6 1950.6 1605.0 S18.4 3.10 1061.7 S43.3 0.32 
2.5 O.OIS 6S 84.1 374.4 025 1.00 6.09 5.966 1230,4 2094.4 1720.0 489.6 3.51 1104.8 6152 0.30 
3.0 0.018 70 84.1 374.4 0.30 1.00 6.09 S.963 134D.9 2204.9. 1830.5 489.6 3.74 ll60.0 670.4 0.28 
4.0 0.024 79 84.2 388.8 0.40 1.00 6.10 5.957 ISS4.5 2418.5 2029.7 4152 4.27 12S2.5 777.3 025 
8.3" .. : ·. 0.050 : .: 106 I < IIJ.4 273_.6 : 0.84: . . 0.99 : 6.12 ·. 5.931 . :2178.1 ·_3042.1.:-'' ... 2768.5 . : ,590.~ : '. 4.69, 1679.5. 1089} . 0.13 ... . . 
11.8 0.071 119 82.4 129.6 1.19 0.99 6.14 5.910 24892 33532 3223.6 734.4 4.39 1979.0 1244.6 o.os 
15.8 0.09S 129 81.7 28.8 l.S9 0.98 6.17 5.886 2700.8 3564.8 3S36.0 8352 4.23 2185.6 13S0.4 0.01 
20.3 0.122 134 81.2 -432 2.04 0.98 620 5.859 2809.3 3673.3 3716.5 9012 4.10 2311.8 1404.6 ..0.02 
24.S 0.147 137 80.9 . -86.4 2.46 0.98 622 5.834 2873.6 3737.6 3824.0 950.4 4.02 2387.2 1436.8 ..0.03 

. _28.8 0.173 139 80.7 -1152 2.89 0.97 625 5.808 2900.0 3764.0 3879.2 9192 3.96 24292 1450.0 ..0.04 
32.7 0.196 140 80.6 -129.6 3.28 0.97 . 6.28 S.785 2902.3 3766.3 3895.9 993.6 ' 3.92 2444.7 1451.1 ..0.04 
37.0 0.222 142 80.S -144.0 3.71 0.96 6.30 S.1S9 2941.7 3805.7 3949.7 1008.0 3.92 2478.9 147D.9 ..0.05 
45.5 0.273 144 80.4 -158.4 4.56 0.95 6.36 5.708 29542 38182 3976.6 1022.4 3.89 2499.5 1477.1 ..0.05 
53.5 0.321 145 80.4 -158.4 5.37 0.95 6.42 5.660 2954.0 3818.0 3976.4 1022.4 3.89 2499.4 1477.0 ..0.05 
62.3 0.374 148 80.3 -172.8 6.2S 0.94 6.48 5.607 2999.7 3863.7 4036.5 1036.8 3.89 2S36.7 1499.9 ..0.06 
70.7 0.424 ISO 80.3 -172.8 7.09 0_.93 6.53 5.557 3017.1 3881.1 4053.9 1036.8 3.91 2545.3 1508.5 ..0.06 
78.8 0.473 lS2 802 -1872 7.91 0.92 6.59 5.508 3038.5 3902.5 4089.7 l0Sl2 3.89 2S70.5 1519.3 ..0.06 
87.5 0.52S 154 80.2 -1872 8.78 0.91 6.65 5.456 30S7.4 3921.4 4108.6 10512 3.91 2579.9 1528.7 ..0.06 

95.3 0.572 156 80.0 -216.0 9.56 0.90 6.71 5.409 3074.0 3938.0 4154.0 1080.0 3.85 2617.0 1537.0 ..0.07 

1042 0.62S 160 80.0 -216.0 10.45 0.90 6.78 5.356 3126.7 3990.7 4206.7 1080.0 3.90 2643.4 1563.4 ..0.07 

ll2.7 0.676 163 79.9 -230.4 11.30 0.89 6.84 5.305 3151.7 4015.7 4246.1 1094.4 3.88 2670.2 1575.8 ..0.07 

120.7 0.724 166 79.8 -244.8 12.10 0.88 6.91 5257 3189.9 4053.9 4298.7 110il.8 3.88 2703.7 1594.9 ..0.08 

129.5 o.m 169 79.7 -2S92 12.99 0.87 6.98 5204 3219.6 4083.6 4342.8. 11232 3.87 2733.0 1609.8 ..0.08 

1312 0.823 171 79.6 -273.6 13.76 0.86 7.04 5.158 3232.1 4096.i 4369.7 1137.6 3.84 2753.6 1616.0 ..0.08 

146.0 0.876 175 79.5 -288.0. 14.65 0.85 7.11 S.IOS 3277.8 4141.8 f429.8 1152.0 3.85 2790.9 1638.9 ..0.09 

154.5 0.927 178 79.4 -302.4 15.50 0.85 7.18 5.054 33052 41692 4471.6 1166.4 3.83 2819.0 1652.6 ..0.09 

DU DEVIATORIC STRESS E~~PR~CWLESTR~ TECH PWM/SDM 

I I I I 8/2/2004 @FAILURE I 173.6 I @FAILURE 1178.1 RATIO@ FAILURE 4.69 DATE 

CHECKED 
REVIEWED 

. . - •-- -



T"'" ........ . ~ (ASTM D 4767)~ tl'NDRAINRD WiTH PORE pRJi'.llii..~UIRR • tOIECT TITLE ROCKY FLATS/FIELD AND LAB TESTING/CO INITIAL SAMPLE DATA em in comctcd / CORRECTED SAMPLE DATA 
tOJECT NUMBER 043-2246..0001 HEIGHT 1S.2SO 6.004 S.977 DRY DENSITY, calc (pet) 119.9 
\MPLEID PF-9 DIAMETER 7.087 2.790 2.782 VOLUME OF SOLIDS 423.68 
OOLETYPE Bulk AREA 39.44 6.11 6.08 VOLUME OF VOIDS 171.82 
Ep'J'H INTERVAL - VOLUME 601.S1 36.71 36.34 VOID RATIO 0.406 
lACHiNE SPEED (in/min) 0.006 WEIGHT(g) 1286.60 1310.60 
rRAiN RATE (o/almin) ·0.10 %MOISTURE 12.5 14.57 
ELL PRESSURE (psi) 89.0. SPECIFIC ORA VITY 2.70 WATER CONTENT(% MOISTURE) 
1\MPLE PREsSURE (psi) 80.0 MOIST DENSITY (pet) 133.S WT SOIL & TARE, MOIST (g) 1310.60 
FF. CONSOLIDATION DRY DENSITY, calc (pet) 118.7 WT SOIL & TARE, DRY (g) 1143.94 
RESSu'RE, a 3 (psi) 9.0 VOLUME OF SOLIDS 423.68 WTTARE(g) 0.00 
REsSURE, tr3 (psQ 1296.0 VOLUME OF VOIDS 177.82 WT MOISTURE (g) 166.66 
!NAL "B" VALliE 0.99 Mounting Method I Wet I VOID RATIO 0.420 WT DRY SOIL (g) 1143.94 
o (minutes) 0.34 SATURATION 80.2 %MOISTURE 14.S7 

ACCUM. AXIAL PORE rnr,._,19" B OORR. CORR. DEV .. SIGMA I SIGMA I SIGMA3 EFF.PRN ~ (!u_:.!h) 
TIME DU(pst) %STRAIN (I-ll) AREA HBIGHr STRBSS EFF. EFF. STRRATIO 2 2 

<MIN> (inches) (Jbs) (psi)aU (ace) (%) (in2) (in) (psf) (a,) (a,-<IU) (a,.dU) (a,'/ a{) JP) (Q) (A) 
0.0 0.000 14 80.3 0.0 0.00 1.00 6.08 5.977 0.0 1296.0 1296.0 1296.0 1.00 1296.0 0.0 0 
0.5 0.003 55 82.8 360.0 0.05 1.00 6.08 5.974 963.5. 2259.5 1899.5 936.0 2.03 1417.7 481.7 0.37 
1.0 0.006 65 83.4 446.4 0.10 1.00 6.09 5.971 1204.3 2500.3 2053.9 849.6 2.42 1451.8 6022 0.37 
1.7 0.010 74 83.7 489.6 0.17 1.00 6.09 5.967 1399.8 2695.8 22062 806.4 2.74 1506.3 699.9 0.35 
2.0 0.012 80 84.0 532.8 0.20 1.00 6.09 5.965 1552.9 2848.9 2316.1 1632 3.03 1539.7 776.5 0.34 
2.5 0.015 86 84.2 561.6 0.25 1.00 6.10 5.962 1693.9 2989.9 2428.3 734.4 3.31 1581.4 847.0 0.33 
3.5 0.021 96 84.4 590.4 0.35 1.00 6.10 5.956 1932.9 3228.9 2638.5 705.6 3,74 1672.1 966.5 0.31 
8.0. 

· ....... 
< 0.048:·<. 125 ·'·· 

i ' 83.8 . .. , SO.&.O : · .. 0.80' :; •' 0.99 \ ·,.6.13. ··:.·.: :·:::5.929.:· 2603.1 .. : ... )899,~::\, : )395.1 ':; ,:;~m.~ .··.· . ·.4.29. 2~3.6 1301.6 . ..0.19 
11.7 0.070 140 82.9 . 374.4 1.17 0.99 6.15 5.907 2944.6 4240.6 3866.2 921.6 4.20 2393.9 1472.3 0.13 
IS.J 0.092 149 82.3 288.0 1.54 0.98 6.18 5.88S 3136.5 4432.5 4144.5 1008.0 4.11 2576.3 I• 1568.3 0.09 
202 0.121 . ISS 81.9 230.4 2.02 0.98 6.21 S.856 3251.0 4547.0 4316.6 106S.6 4.0S 2691.1 1625.5 O.o7 
242 0.145 IS7 81.6 1812 2.43 0.98 623 5.832 3302.4 4S98;4 44112 1108.8 3.98 2760.0 16512 0.06 
28.5 0.171 161 81.4 158.4 2.86 0.97 626 5.806 3363.6 46S9.6 45012 1137.6 3.96 2819.4 1681.8 0.05 
32.3 0.194 162 81.3 144.0 325 0.97 628 S.783 33892 4685.2 45412 JIS2.0 3.94 2846.6 1694.6 0.04 
36.5 0.219 165 81.1 JIS2 3.66 0.96 6.31 5.758 34362 47322 4617.0 1180.8 • 3.91 2898.9 1718.1. 0.03 
4S.O 0.270 168 81.0 100.8 4.52 0.95 6.37 5.707 3482.6 4778.6 4677.8 11952 3.91 2936.5 1741.3 O.oJ 
53.2 0.319 171 80.9 86.4 5.34 0.95 6.42 5.658 3504.3 4800.3 4713.9 1209.6 3.90 2961.7 17S2.1 0.02 
62.0 0.372 174 80.8 72.0 6.22 0.94 6.48 5.605 3553.6 4849.6 4m.6· 1224.0 3.90 3000.8 1776.8 0.02 
70.3 0.422 178 80.7 57.6 7.06 0.93 6.54 5.555 3592.4 4888.4 4830.8 1238.4 3.90 3034.6 11962 0.02 
78.3 0.470 180 80.6 432 7.86 0.92 6.60 5.507 3615.9 4911.9 4868.7 1252.8 3.89 3060.7 1807.9 O.ot 
87.0 0.522 184 80.5 28.8 8.73 0.91 6.66 5.455 36552 49512 4922.4 1267.2 3.88 3094.8 1827.6 0.01 
95.0 . 0.570 186 80.4 14.4 9.54 0.90 6.72 5.407 3676.6 4972.6 49S82 1281.6 3.87 3119.9 1838.3 0.00 
103.8 0.623 190 80.3 0.0 1o.42 0.90 6.79 5.354 3714.9 . 5010.9 50111.9 1296.0 3.87 . 3153.4 1857.4 0.00 
112.3 0.674 193 802. -14.4. 1128 0.89 6.85 5.303 3744.6 5040.6 5055.0 131o.4 3.86 3182.7 1872.3 0.00 

1202 0.721 195 80.1 -28.8 12.06 0.88 6.91 5256 3761.4 5057.4 50862 1324.8 3.84 3205.5 1880.7 .{1.01 

128.8 0.773 .. 199 80.0 .-432 12.93 0.87 6.98 5204 3798:4 5094.4 5137.6 13392 3.84 3238.4 1899.2 .{1.01 

136.7 0.820 200 . 80.0 -432 13.72 0.86 . 7.05 5.157 3796.8 5092.8 5136.0 ...133?.,2 ___ 3.84 3237.6 1898.4 .{1.01 

145.7 0.874 204 79.9 -57.6 14.62 0.85 7.12 5.103 3833.9 5129.9 5187.5 1353.6 3.83 3270.6 1917.0 .{1.02 

154.0 0.924 207 79.8 -72.0 15.46 0.85 7.19 S.053 3852.4 5148.4 5220.4 1368.0 3.82 32942 19262 .{1.02 

166.7 1.000 211 79.7 -86.4 16.73 0.83 7.30 4.977 3871.4 SJ67.4 5253.8 1382.4 3.80 3318.1 1935.7 .{1.02 

STRESS l!;t<l'I!.\;U v"'. -·~ ·~-- :v, STR~ TECH DU .. UI!.Y . YWMJ:>LJM 

I 
' 

I I I RATIO@ FAiLURE I I 812/2004 @FAILURE 504.0 @FAILURE 1603.1 4.19 DATE 
CHEcKED 

REVIEWED 

.·!'-Ill __ •--



JULY 2004 043-224~001 

TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 
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PROJECT NAME: 
PROJECT NUMBER: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-224~001 

SAMPLEID: PF-9 DEPlll: 

STRESS-STRAIN CURVE 

1 
2 

6 I 10 12 14 16 18 20 

%STRAIN 

STRESS RATIO-STRAIN CURVES 

- 1"' 

-

6 I 10 12 14 16 18 20 

%STRAIN 

PORE PRESSURE-STRAIN CURVE 

3 

2 

- 1 

6 8 10 12 14 16 18 20 

~-sntAIN 

Sample Type;_: Bulk 

Eft8Ctlwl 1nltJal lnHJal ... 
COnfining Oly Moisture 

PraUure Density Coiitant 
Specimen .. (psi)'···, .. · .· (pcfJ (%)•• . 

1 432 118.8 12.4 
2 864 118.6 12.5 
3 1296 118.7 12.5 

Average 118.7 12.5 

FAJLVRK SKETCH 

3 

Soil Description 
Brown, COARSE TO FINE SAND, some tine 
gravel. some silty clay. 

LL PL PI 

Comments 
Sample was remolded to approx. 95% of the 
Max. Dry Density,@ Opt. Moisture Content +2%. 

* Failure based on effective stress ratio 
or IS% strain. 



2004 

c::-.. 
~ 
~ , ... 

€ 
b --Cl 

043-2246-0001 

TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 

PROJECT NAME: 
PROJECT NUMBER: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-2246-0001 

SAMPLEID: PF-9 DEP1H: 

STRESS PATH . 
~?----------~------------~---------~------------~----r---------------~ 

3000 

2000 

1000 

1000 2000 

S1RESSPAni 
• . .,-o'TALSTRE5SP.ARAME1ER .. 

a 25.1 • 
a 117.9 psf 

•:. •• EFFECTIVESlRESS PARAfvu:IER 
a' 31.0 • 
a' 57.7Jlsf 

3000 

sln(4>) • tan(u) 

a c•----
cos(4>) 

5000 

P (a1 + a,) /2 (psf) 

MOHR CIRCLES 
· . . "lOTALS'JRENGnl PARAME'JER .. . 

+ 27.9. 
c 133.4 psf 
-eFFECllVE SlRENGnt PA~~ ' 
•• 37.0. 
c • 72.2 Jl!lf 

MOHR STRESS CIRCLES 

6000 

~r-----------r------------r-----------r------------r----~~~----------, 

3000T------+----r------r-----r-----r----; 

...•.•• / y•0.7S22x+ 

2000T-----+----r-~~---r----r-----r----; 

.....•... .,.. .... TOTAL 

0 1000 2000 3000 ~ 5000 6000 

NORMAL STRESS (psf) 

Bulk 

~ffectlve Initial. Initial: 
. cOnflnlili .DrY ·. Moisture 

.Pressure .·.DenSity . Conbini' 

Specimen .. (psf) ' '~ .· ; (%)• 
1 432 i 118.8 12.4 
2 864. i 118.6 12.5 
3 1296 i 118.7 12.5 

:,. :: Saturation 
·-·-·s~.ri·· .: lnliia1 · • ~:·· · ... ·.:i;;~.;,- -~ S~rtng 

s~~~" :. . (%).'::'->- rx.J ·._ :c%,:· 
1 0.10 . 80.2 97.1 
2 0.10 80.5 97.3 
3 0.10 80.2 97.0 

Soil Description 
Brown, COARSE TO FINE SAND, SDrne fine 
gravel, some silty clay. 

uses (SCl J 

LL PL PI 

Comments 
Sample was remolded to approx. 95% of the 
Max. DJy Density, @. Opt Moisture Content +2%. 

* Failure based ou effective stress ntio 
or IS% stniu. 



TRif vr A •; COMPRI'.ct1iliOJiol TEST (ASTM D 4767) coL TED IINnR.-liNI'" WITH PORE ~»DIO'~:~~mli' • ROJECT TITLE ROCKY FLATS/FIELD AND LAB T~. tNG/CO INITIAL SAMPLE DATA em in corrected / CORRECTED SAMPLE DATA 
ROJECT NUMBER n,o., "'"'A" nn')l HEIGIIT 15.240 6.000 5.983 .. DRY DENSITY, calc (pet) 119.3 
AMPLEID PF-9 DIAMETER 7.087 2.790 2.788 VOLUME OF SdLIDS 423.90 
AMPLE TYPE Bulk AREA 39.44 6.11 6.10 VOLUME OF VOIDS 174.50. 
·EPTH iNTERVAL - VOLUME 601.11 36.68 36.52 VOID RATIO 0.412 
lACHINE SPEED (in/min) · 0.006 WEIGIIT(g) 1286.68 1313.98 
TRAIN RATE (o/almin) o.Io %MOISTURE 12.4 14.80 
ELL PRESSuRE (psi) 83.0 SPECIFIC ORA ViTY 2.70 WATER CONTENT(% MOISTuRE) 
AMPLE PRESSURE (psi) 80.0 MOIST DENSITY (pet) 133.6 WT SOIL & TARE, MOIST (g) 1313.98 
FF. CONSOLIDATION DRY DENSITY, calc (pet) 118.8 WT SOIL & TARE, DRY (g) lt44.54 
REsSURE, cr3 (psi) 3.0 VOLUME OF SOLIDS 423.90 WTTARE(g) 0.00 
REsSu'RE, cr3 (psi) 432.0 VOLUME OF VOIDS 177.20 WT MOISTURE (g) 169.44 
INAL "B"VALUE 1.00 Mounting Method I Wet I VOID RATIO 0.418 ., WT DRY SOIL (g) lt44.54 
o (tninutes) 0.15 SATURATION 80.2 %MOISTURE 14.80 

ACCUM. AXIAL PORE PWP change 8 OORR. OORR. DEV. SIGMA! SIGMA I SIGMA3 EFF.PRN Clli:!:W ~· 

TIME LOAD' PRESS. DU(psf) %STRAIN (I-E) HEIGHT STRESS de\l8lrfqJ EFF. I.STRRATIO 2 

(MIN) . (incheS) Obs) (psi)-U (aCe) (%) (in2) {in) (psf) (a,) (a,-dU) (a..dU'l (a,'/ a,, {P) (Q) CAl 
0.0 0.000 -jj 81.4 ·o.o 0.00 1.00 6.10 S.983 0.0 432.0 432.0 432.0 1.00 432.0 0.0 0.00 
0.3 0.002 26 81.9 72.0 0.03 1.00 6.11 S.981 316.0 748.0 676.0 360.0 1.88 Sl8.0 IS8.0 0.23 
1.3 0.008 42 82.4 144.0 0.13 1.00 6.11 S.97S 69S.I 1127.1 983.1 288.0 3.41 635.5 347.5 0.21 
2.0 0.012 47. 82.S 158.4 0.20 1.00 6.12 S.971 810.0 1242.0 1083.6 273.6 3.96 678.6 405.0 0.20 
3.0 0.018 S4 82.5 158.4 0.30 1.00 6.12 S.96S 976.2 1408.2 1249.8 273.6 4.57 761.7 488.1 0.16 
4.0 . 0.024 . 60 . &2:4 144.0. ' .. ·····o.4o ' 1.00 · .. 6.13 .' ... 5.9S9 1120.9 . 1.5S2.9.'. ·.1401,9 ..••. '.> 288.0·· 4.89 848.4 S60.4 0.13 
8.3 o.oso 83 81.4 0.0 0.84 0.99 6.15 5.933 1642.4 2074.4 2074:4 

.. 
43l.O 

. .. ·. 
4.80 1253.2 821.2 0.00 

11.7 0.070 98 80.4 -144.0 1.17 0.99 6.18 S.913 2002.9 2434.9 2578.9 S76.0 4.48 1577.S 1001..5 .{),07 
IS.7 0.094 110 79.5 -273.6 1.57 0.98 6.20 5.889 2261.9 2693.9 2967.5 705.6 4.21 1836.5 1130.9 .{).)2 
20.5 0.123 119 79.2 -316.8 2.06 0.98 6.23 S.860 2456.4 2888.4 320S.2 748.8 4.28 . 1977.0 1228.2 .{).)3 
24.7 0.148 125 78.9 -360.0 2.47 0.98 6.26 S.83S 2586.3 3018.3 3378.3 792.0 4.27 2085.1 1293.1 .{).14 
29.2 0.17S 130 78.4 -432.0 2.92 0.97 6.29 . S.808 2682.0 3114.0 .3546.0 864.0 4.10 2205.0 1341.0 .{).16 
32.S 0.195 133 77.9 ~504.0 3.26 0.97 6.31 S.788 2750.3 3182.3 3686.3 936.0 3.94 2311.2 137S.2 .{).)8 

. 36.8 0.221 13S 77.6 -547.2 3.69 0.96 6.34 5.762 2783.4 3215.4 3762.6 979.2 3.84 2370.9 1391.7 .{).20 
4S.7 0.274 141 77.5 -561.6 4.S8 0.95 6AO S.709 2892.9 3324.9 3886.S 993.6 • 3.91 2440.0 1446.4 .{),)9 
53.3 0.320 14S 77.4 -516.0 5.35 0.9S 6.4S S.663 2967.8 3399.8 397S.8 1008.0 3.94 2491.9 1483.9 .{).19 
62.2 0.373 ISO 77.3 -S90.4 6.23 0.94 6.Sl S.6l0 3035.2 3467.2 4057.6 1022.4 3.97 2540.0 1517.6 .{).19 
70.7 0.424 153 76.9 -648.0 7.09 0.93 6.Si S.559 3084.3 3516.3 4164.3 1080.0 3.86 2622.2 1542.2 .{),21 
78.8 0.473 156 76.8 -662.4 . 7.91 0.92 6.63 5.510 3122.3 3554.3 4216.7 1094.4 3.85 2655.6 IS61.2 .{),21 
87.2 0.523 160 76.7 -676.8 8.74 0.91 6.69 5.460 3171..5 3603.5 4280.3 1108.8 3.86 2694.S IS8S.7 .{).21 
9S.O . 0.570 163 76.6 -691.2 9.53 0.90 6.75 5.413 3216.8 3648.8 4340.0 1123.2 3.86 2731.6 1608.4 .{).21 
104.0 0.624 167 76.4 -720.0 10.43 0.90 6.81 5.3S9 3260.8 3692.8 4412.8 IIS2.0 3.83 2782.4 1630.4 . .{),22 

112.5 0.675 170 76.2 -748.8 11.28 0.89 6.88 5.308 3300.9 . 3732.9 4481.7 1180.8 3.80 . 2831.2 1650.4 .{).23 

120..5 0.723 173 76.0 "777.6 12.08 0.88 6.94 5.260 3318.7 3750.7 4528.3 1209.6 3.74 2869.0 1659.4 .{).23 

129.3 0.776 177 1S.9 -792.0 12.97 o:87 7.01 5.201 3379.8 3811.8 4603.8 1224.0 3.76 2913.9 1689.9 .{).23 

136.7 .0.820 179 7S.8 -806.4 13.71 0.86 7.07 5.163 3398.0 3830.0 4636.4· 1238.4 3.74 2937.4 1699.0 .{).24 

146.2 0.877 183 75.8 -806.4 14.66 O.BS 7.1S 5.106 . 3424.9 3BS6.9 4663.3 1238.4 3.77 . 2950.9 1712..5 .{).24 

. 154.3 0.926 186 7S.8 -806.4 . 15.48 O.BS 7.22 S.057 3453.9 38BS.9 4692.3 ·maT-- 3.79 296S.3 1726.9 .{).23 

160.0 0.960 187 75.6 -835.2 16.05 0.84 7.27 5.023 3464.3 3896.3 4731..5 1267.2 3.73 2999.4 1732.2 .{).24 

165.3 0.992 189 75.4 -864.0 16..58 0.83 7.32 4.991 3471.8 3903.8 4767.8 1296.0 3.68 3031.9 1735.9 .{).25 

DU DEVIATOlUC STRESS EFFECTIVE PRINCIPLE STRESS TECH PWMlsDivl 

@FAILuRE I 144.00 I @FAILURE I 1110.88 I RATIO@ FAILURE I 4.89 I DATE 8fl/04 

CHECKED 
REViEWED 

...... •-•--- •----:-.a·-- ·--



• TRIJ\XIAI' \. J TEST (ASTM D 4767)~tJNDRAINEDwiTR PORE 

itOJECT TITLE ROCKY FLATS/FIELD AND LAB TESTINGICO INITIAL SAMPLE DATA em in c:omcted CORRECTEDS~LEDATA 

ROJECT NUMBER 043-2246-000 I HEIGHT 15.265 6.010 6.002 / DRY DENSITY, calc (pet) 116.1 

AMPLEID PF-10 DIAMETER 7.087 2.790 2.786 VOLUME OF SOLIDS 413.18 

1\MPLETY'PE Bulk AREA 39.44 6.11 6.09 VOLUME OF VOIDS 186.23 

·EPTH iNTERVAL - VOLUME 602.11 36.74 36.58 VOID RATIO 0.451 
lACHINE SPEED (inlinin) 0.006 WE1GHT(g) 1262.36 1294.66 

TRAiN RATE (o/alinin) 0.10 %MOISTURE 13.2 16.05 
ELL. PRESSURE (psi) . 83.0 SPECIFIC ORA VITY 2.70 WATER CONTENT(% MOISTURE) 
AMPLE PRESSu'RE (psi) 80.0 MOIST DENSITY (pet) 130.8 WT SOIL & TARE, MOIST (g) 1294.66 
FF. CONSOLIDATION . DRY DENSITY, calc (pet) 115.6 WT SOIL & TARE, DRY (g) 1115.59 
REsSu'RE, GJ (psi) 3.0 VOLUME OF SOLIDS 413.18 wTTARE(g) (l.OO 
RESSu'RE, a 3 (psi) 432.0 VOLUME OF VOIDS 188.93 WT MOISTURE (g) 179.D7 
INAL "B" VALUB 1.00 Mounting Method I Wet IVOIDRATIO 0.457 WT DRY SOIL (g) 1115.59 
0 (minutes) 0.07 SATURATION 77.7 %MOISTURE 16.05 

ACCUM. AXIAL PORE PWPc:baoge 8 CORR. CORR.· DEV. SIGMA I SIGMA1 SIGMA3 EFF.PRN ~ ~ 
TIMB DEF'12CT. LOAD DU(psf) %STRA!l-l (1~) dcVBir+ql EFF. EFF. STRRATIO 
~· (inc;.hcl) (lbs) (lisi)-U (ace) (%) (in2) (in) (psf) (a,) (o,-dU) (o,.ciU) (o1'/o1? (P) (Q) (A) 

0.0 0.000 IS 79.9 0.0 0.00 1.00 6.09 6.002 0.0 432.0 432.0 432.0 1.00 432.0 0.0 0.00 
0.5 0.003 30 80.7 1152 0.05 1.00 6.10 5.999 .354.3 786.3 671.1 316.8 2.12 493.9 177.1 0.33 
1.0 0.006 38 81.0 IS8.4 0.10 1.00 6.10 5.996 542.9 974.9 816.5 273.6 2.98 . 545.1 271.5 0.29 
1.5 0.009 43 81.2 1872 O.IS 1.00 6.10 5.993 660.6 1092.6 905.4 244.8 3.70 575.1 330.3 0.28 
2.0 0.012 48 81.4 216.0 020 1.00 6.11 5.990 778.2 12102 9942 216.0 4.60 605.1 389.1 028 
2.5 0.015 50 81.5 230,4 0.25 1.00 6.11 .5.987 824.9 1256.9 1026.5 201.6 5.09 614.1 412.5 028 

•... 4.2 •·· .. ·•. : 0.025 , .. , i·> 60 :.·::.:·; ;.):Jt5,; ·.· 230.4 ·. ·. ~ <· 0.42 
!:· 

1.00 ;, ' Jl.12 ' .c' 5.977 ·1osa.9·. 1490.9 ., .. 
1260 • .5 . 20J.6 .• 

... 
6.25 .· 731.0 529.4 0.22 

8.3 0.050 69 81.1 172.8 0.83 0.99 6.15 S.9S2 1265.3 1697.3 1S24.S 2.59.2 5.88 891.9 632.7 0.14 
12.5 0.075 72 80.7 115.2 125 0.99 6.17 5.921 1330.0 1762.0 . 1646.8 316.8 5.20 981.8 665.0 0.09 
16.7 0.100 74 80.5 86.4 1.67 0.98 620 5.902 1370.9 1802.9 1716.5 345.6 4.97 1031.0 685.4 0.06 
22.5 0.135 75 80.2 43.2 2.25 0.98 6.23 5.867 1385.8 1817.8 1774.6 388.8 4.56 1081.7 692.9 0.03 
25.0 0.150 15 80.2 432 2.50 0.98 6.2.5 5.852 1382.3 1814.3 1771.1 388.8 4.56 1079.9 691.1 0.03 
292 0.175 77 80.1 28.8 2.92 0.97 6.28 5.827 1422.3 1854.3 1825.5 4032 4.53 1114.3 711.1 0.02 
33.3 0.200 79 80.0 14,4 3.33 0.97 . 6.30 5.802 1461.8 1893.8 1879.4 417.6 4.50 1148.5 730.9 0.01 
41.7 0250 82 79.8 -14.4 4.17 0.96 6.36 .5.752 15112 19492 1963.6 446.4 • 4.40 1205.0 758.6 ~.01 

52.5 0.315 85 19.5 -51.6 5.25 0.95 . 6.43 5.687 1567.2 19992 2056.8 489.6 4.20 1273.2 783.6 ~.04 

58.3 . 0.350 . 87 79.4 -72.0 5.83 0.94 6.47 5.652 1602.1 2034.1 2106.1 504.0 . 4.18 1305.0 801.0 ~.04 

66.7 0.400 90 79.3 -86.4 6.66 0.93 6.53 5.602 1654.0 2086.0 2172.4 518.4 4.19 1345.4 827.0 ~.OS 

75.0 0.450 92 79.1 -1152 7.50 0.93 6.59 5.552 1683.0 2115.0 2230.2 5472 4.08 1388.7 841.5 ~.07 

83.3 0.500 94 79.0 -129.6 8.33 0.92 6.65 5.502 1711.2 21432 2272.8 561.6 4.05 14172 85.5.6 ~.08 

91.7 0.550 95 79.0 -129.6 9.16 0.91 6.71 5.452 1717.1 2149.1 2278.7 561.6 4.06 1420.1 858.5 ~.08 

100.0 0.600 97 78.9 -144.0 10.00 0.90 6.77 5.402 1743.9 2175.9 2319.9 516.0 4.03 1447.9 871.9 ~.08 

108.3 0.650 100 78.8 -158.4 10.83 0.89 6.83 5.352 1790.9 2222.9 2381.3 590.4 4.03 1485.9 895.5 ~.09 

116.7 0.700 102 78.7 -172.8 11.66 0.88 6.90 5.302 1815.9 . 2247.9 2420.7 604.8 4.00 1512.8 908.0 ~.10 

125.0 0.150 104 78.7 -tn.8 12.50 0.88 6.96 5.252 18402 22722 2445.0 604.8 '4.04 1.524.9 920.1 ~.09 

133.3 0.800 lOS 78.6 -1872 13.33 0.87 7.03 5202 1843.1 2275.1 2462.3 6192 3.98 1540.8 921.6 ~.10 

141.7 0.850 107 78..5 -201.6 14.16 0.86 7.10 5.152 1866.0 2298.0 2499.6 633.6 3.95 1566.6 933.0 ~.II 

150.0 0.900 110 78.4 -216.0 u.oo 0.85 7.17 5.102 1908.1 2340.1 25.56.1 048.11--- 3.94 1602.i 954.1 ~.II 

158.3 0.950 112 78.4 -216.0 ·u.83 0.84 724 . .5.0.52 19292 23612 25772 648.0 3.98 1612.6 964.6 ~.II 

166.7 1:000 114 78.3 ·. -230.4 16.66 0.83 7.31 5.002 1949..5 2381..5 2611.9 662.4 3.94 1637.1 974.7 ~.12 

DU li.LYIAIVIU~ STRESS_ .LI'I'.L\,IIYL & ·~,-~•LE STRESS' TECH r 

I 

. 
I I I RATIO@ FAILURE I 6.25 I DATE 812/04 @FAILURE 230.40 @FAILURE 1058.86 

CHECKED 
REVIEwED 



Ttl•iY•.tw,COI\11 I TEST (ASTM D ~ATJ:I)It!Nnn. <INv.n-WiTH PORE • ROJECT TITLE ROCKY FLATS/FIELD AND LAB TESTING/CO INITIAL SAMPLE DATA em in corrected / CORRECTED SAMPLE DATA 

ROJEC'r NUMBER 043-2246-000 I HEIGHT IS.23S S.998 S.983 ...::.__- DRY DENSITY, calc (pet) 117.0 

A.MPL£10 PP-10 DIAMETER 7.087 2.790 2.779 VOLUME OF SOLIDS 412.89 

AMPLE TYPE Bulk AREA 39.44 6.11 6.06 VOLUME OF VOIDS I81.61 
·EPTH iNTERVAL - VOLUME 600.91 36.67 36.28 VOID RATIO 0.440 
lACHINE SPEED (in/min) 0.006 WEIGHT (g) 1262.SS 1291.1S 
TRAIN RATE (o/almin) 0.10 %MOISTURE 13.3 IS.82 
ELL PRESSURE (psi) 86.0 .SPECIFIC ORA VITY 2.70. . WATERCONTENT(%MOISTURE) 
AMPLE PRESS'UiU! (psi) 80.0 MOIST DENSITY (pet) 131.1 WT SOIL & TARE, MOIST (g) 1291.1S 
FF. CONSOLIDATION DRY DENSITY, calc (pet) IIS.8 WT SOIL & TARE, DRY (g) 1114.81 
R.Ess\JRE, a 3 (psi) 6.0 VOLUME OF SOLIDS 412.89 WTTARE(g) 0.00 
RESSURE, a 3 (psf) 864.0 VOLUME OF VOIDS 188.01 WT MOISTURE (g) 176.34 
I'NAL "B"VALUB 1.00 Mounting Method! Wet I VOID RATIO 0.4SS WT DRY SOIL (g) 1114.81 
0 (minutes) O.S2 SATURATION 78.6 %MOISTURE IS.82 

-A~ AxiAL PORE PWPc:hanp B CORR. CORR. DEV. SIGMA I SIGMA I SIGMA3 EFF.PRN ~ ~ TIME 
(inches)

1

• 

%STRAIN (l-6) AREA HEIGHT STRESS devstr+ql EFF. EFF. STRRATIO 
(MIN) (lbs) (psi)-U (ace) (%) (in2) _(in) (psf) (a,) (a,-dlJ) (a,-dU) (a,'/ a1") (P) (Q) (A) 

0.0 0.000 17 80.5 0.0 0.00 1.00 6.06 5.983 0.0 864.0 . 864.0 864.0 1.00 864.0 o:o ~0.00-

0.5 0.003 43 82.1 230,4 0.05 1.00 6.07 5.980 617.1 148U 12S0.7 633.6 1.97 9422 308.6 0.37 
1.0 0.006. 52 82.5 288.0 0.10 1.00 6.07 5.971 830.3 1694.3 1406.3 516.0 2.44 991.2 4152 0.35 
I.S o:009 62 83.0 360.0 0.15 1.00 6.07 5.974 1067.1 1931.1 1571.1 504.0 3.12 1037.5 533.5 0.34 
2.0 0.012 68 83.2 388.8 0.20 1.00 6.08 5.971 1208.7 2072.7 1683.9 475.2 3.S4 1079.6 604.4 0.32 
2.5 O.OIS 72 83.3 4032 0.25 1.00 6.08 5.968 1302.9 2166.9 1763.7 460.8 3.83 1112.2 651.4 0.31 
4.2 0.025 82 83.4 417.6 0.42 1.00 6.09 5.958 1537.2 2401.2 1983.6 446.4 4.44 1215.0 768.6 0.27 
8.3 . : . 0.05(), ; ;: ·:::·,.100' ... :·. ,< 12.7 ·::' ·:· 316.8 ., .. ,., ' .o;84 . 0.99 <: . .~.II ... .•• 5.933 ·. 19S4.6 2818.6 : . . 2501.8 S47.2 4.57 1524.5 977.3 0.16 ·····:· ···.:" ·.·· .-:' ... 
12.5 0.075 107 82.1 230,4 125 0.99 6.14 5.908 2110.5 2974.5 2744.1 633.6 4.33 1688.9 1055.3 0.11 
16.7 0.100 114 81.6 158.4 1.67 0.98 6.17 · 5.883 2265.1 3129.1 2970.7 705.6 4.21 1838.1 1132.5 0.07 
20.8 0.12.5 117 812 100.8 2.09 0.98 6.19 5.858 232.52 31892 3088.4 763.2 4.05 1925.8 1162.6 0.04 
2.5.0 0.150 119 81.0 72.0 2.51 0.97 622 5.833 2361.6 322.5.6 31S3.6 792.0 3.98 1972.8 1180.8 0.03 
292 0.115 122 80.7 28.8 2.92 0.97 6.2S 5.808 2420.6 3284.6 3255.8 83S2 3.90 204S.5 1210.3 0.01 
33.3 0.200 124 80.5 0.0 3.34 0.97 6.27 5.783 2456.1 3320.1 3320.1 864.0 3.84 2092.0 1228.0 0.00 
41.7 0.2.50 129 80.3 -28.8 4.18 0.96 6.33 5.733 . 2S48.6 . 3412.6 3441.4 892.8 ' 3.85 2167.1 1274.3 -0.01 
50.0 0.300 . 130 80.1 -51.6 5.01 0.95 6.38 5.683 2S49.0 3413.0 3470,6 921.6 3.77 2196.1 1274.5 -0.02 
58.3 0.350 134 79.9 -36.4 5.85 0.94 6.44 5.633 2616.0 3480.0 3S66.4 950.4 3.75 22S8.4 1308.0 -0.03 
66.7 0.400 137 79.8 -100.8 6.69 0.93 6.50 5.583 16592 3523.2 3624.0 964.8 3.76 2294.4 1329.6 -0.04 
7S.O 0.4SO 140 79.6 -129.6 7.52 0.92 6.56 5.533 2701.3 3565.3 3694.9 993.6 3.72 2344.3 1350.7 -0.05 
83.3 0.500 142 19.5 -144.0 8.36 0.92 6.62 5.483 2720.4 3584.4 3728.4 1008.0 3.70 2368.2 13602 -0.05 
91.7 0.5SO. 145 79.4 -158.4 9.19 0.91 6.68 5.433 2760.3 3624.3 3782.7 1022.4 3.70 2402.6 1380.2 -0.06 
100.0 0.600 148 79.3 -172.8 10.03 0.90 6.74 S.383 2799.0 3663.0 3835.8 1036.8 3.70 2436.3 1399.5 -0.06 
110.0 0.660 ISO 79.1 -201.6 11.03 0.89 6.82 5.323 2810.1 3674.1 3875.7 1065.6 3.64 2470.6 1405.0 -0.07 

116.7 0.700 ISS 79.0 -216.0 11.70. 0.88 6.87 5283 2893.8 3757.8 3973.8 1080.0 3.68 2526.9 1446.9 -0,07 

125.0 0.7SO 1S1 78.9 -230,4 12.54 0.87 6.93 5233 2907.9 3771.9 4002.3 1094.4 3.66 2S48.4 14S4.0 -0.08 

133.3 0.800 160 78.8 -244.8 13.37 0.87 7.00 5.183 2941.9 3805.9 4050.7 1108.8 3.65 2.579.7 1470.9 -0.08 

141.7 o.sso 162 78.7 -2592 1421 0.86 7.07 5.133 29S4.3 3818.3 4077.5 11232 3.63 2600.3 1477.1 -0.09 

150.0 . 0.900 165 78.6 -273.6 15.04 O.BS 7.14 5.083 2986.0 38SO.O 4123.6 1137.6 3.62 2630.6 1493.0 -0.09 

IS8.3 .0.9SO 167 78.5 -288.0 15.88 0.84 7.21 5.033 2996.6 3860.6 4148.6 IIS2.0· 3.60 2650.3 1498.3 -0.10 

166.7 1.000 169 78.4 -302.4 16.71 0.83 7.28 4.983 3006.4 3870.4 4172.8. 1166.4 3.58 2669.6 IS03.2 -0.10 

DU DEVIATORIC STRESS_ EFFECI'IVE .. IUJ'''-.u'LE STRESS TECH PWMISDM . 
I @FAiLURE I 316.8 I @FAILURE I 1954.6 I RATIO@FAILURE I 4.57 DATE 8/212004 

CHECKED 
REVIEWED 

.. . . - - ,_-



TRJAYIAI,Il,;UMI I TEST (~M!) 47ffico&rTED UNDRAINED WlTH PORE PRli'-~~lmli'. 
ROJECT TITLE ROCKY FLATS/FIELD AND LAB TESTING/CO lNITIAL SAMPLE DATA em in com:cted / CORRECTED SAMPLE DATA 
ROJECT NUMBER 043-2246-000 I HEIGHT 15.253 6.005 5.988 ' DRY DENSITY, calc (pet) 117.1 
AMPLEti:> PF-10 DIAMETER 7.087 2.790 2.7.80 VOLUME OF SOLIDS 413.79 
AMPLE TYPE Bulk AREA 39.44 6.11 6.07 VOLUME OF VOIDS 181.81 
•EPTH INTERVAL - VOLUME 601.61 36.71 36.35 VOID RATIO 0.439 
lACHiNE SPEED (in/min) 0.006 WEIGHT(g) 1262.28 1291.28 
TlWN RATE (o/almin) 0.10 %MOISTURE 13.0 15.58 
ELL PRESSURE (psi) 89.0 SPECIFIC GRAVITY 2.70 WATER CONTENT(% MOISTURE) 
AMPLE PRESSURE (psi) 80.0 MOIST DENSITY (pet) 130.9 WT SOIL & TARE, MOIST (g) 1291.28 
FF. CONSOLIDATION DRY DENSITY, calc (pet) 115.9 WT SOIL & TARE, DRY (g) 1117.24 
REsSuRE, a3 (psi) 9.0 VOLUME OF SOLIDS 413.79 WTTARE(g) 0.00 
REsSuRE, a3 (pst) 1296.0 VOLUME OF VOIDS 187.81 WT MOISTURE (g) 174.04 
iNAL "B" VALuE 0.99 Mounting Method I Wet I VOID RATIO 0.454 WT DRY SOIL (g) 1117.24 
.o (minutes) 0.34 SATURATION 77.2 %MOISTURE 15.58 

ACCUM. AXIAL PORE PWPdumge 8 OORR. CORR. · DEV. SIGMA1 SIGMA1 SIGMA3 EFF.PRN Ca{kJ{) ~ TIME DEFLECI'. LOAD PRESS. DU(psf) %STRAIN (1-3) HEIGHT STRESS . devstrtqJ EFF . EFF. STRRATIO 2 

(~ (indtes) (lbs) ~ ~ (%) · (in 2) (in) _l!!st)_ _11!!1 (a.-dU) (a,-dU) Jc7•'/ a,, (P) (Q) (A) 
0.0 o,ooo 18 80.5 0.0. 0.00 1.00 6.07 5.988 0.0 1296.0 1296.0 1296.0 1.00 1296.0 0.0 0 
0.5 0.003 40 82.1 230,4 o.os 1:oo 6.07 5.985 521.7 1817.7 1.587.3 1065.6 1.49 1326.4 260.8 0.44 
1.0 0.006 . 53 82.9 345.6 0.10 1.00 6.08 5.982 829.S 2125.5 1779.9 950.4 1.87 136.5.2 414.8 0.42 
l.S 0.009 70 83.7 460.8 0.15 1.00 6.08 5.979 1231.8 2527.8 2067.0 835.2 2.47 1451.1 615.9 0.37 
2.0 0.012 80 84.3 5412 020 1.00 6.08 .5.976 1467.9 2763.9 2216.7 748.8 2.96 1482.8 734.0 0.37 
2.5 O.OIS 8.5 84.6 .590.4 025 1.00 6.09 5.973 ts85.5 2881.5 229l.l 705.6 32.5 1498.4 792.8 0.37 
4.2 0.025 tOO 8.5.0 648.0 0.42 1.00 6.10 .5.963 1937.2 3233.2 258.5.2 648.0 3.99 1616.6 968.6 0.33 

• i 8.3. ...... : . ': .o~ciso,:;.::. j·: ·:·~_19 : ,;; li'•;_:;:~:·.··· . .• ; S?6.0 ;·.~ ... :·.:,:;. ~.84 :- . :.:.o.~ ..••• •••. 6.12 •. ··.c '.5.93( . . 2376.1 . ··.3672.1'·. ·'· 3_096._1 ,720:~ ..... 4.30 1908.1' 1188.1 .. 024 .. 
13.3 0.080 127 83.8 47.52 1.34 0.99 6.15 .5.908 2551.4 3847.4 33722 820.8 4.11 2096 . .5 127.5.7 0.19 
16.7 0.100 129 83.6 446.4 1.67 0.98 6.17 5.888 2589.4 3885.4 3439.0 849.6 4.05 2144.3 1294.7 0.17 
20.8 0.125 130 83.4 417.6 2.09 0.98 6.20 5.863 2601.6 3897.6 3480.0 878.4 3.96 2179.2 1300.8 0.16 
25.0 0.150 130 83.3 4032 2.51 0.97 6.23 5.838 2590.5 3886.5 3483.3 892.8 3.90 l188.1 1295.3 0.16 
292 0.175 130 83.2 388.8 2.92 0.97 6.25 5.813 2.579.4 3875.4 3486.6 9072 3.84 2196.9 1289.7 0.15 
33.3 0.200 130 83.1 374.4. 3.34 0.97 6.28 5.788 2568.3 3864.3 3489.9 921.6 .3.79 2205.8 12842 0.1.5 
41.7 0.250 132 .83.1 374.4 4.18 0.96 6.33 5.738 2591.6 3887.6 3513~2 921.6 • 3.81 2217.4 1295.8 0.14 
so:o 0.300 134 83.0 .. 360.0 .5.01 0.95 6.39 5.688 2614.1 3910.1 3550.1 936.0· 3.79 2243.0 1307.0 0.14 
58.3 0).50 13.5 83.0 360.0 5.85 0.94 6.45 5.638 2613.5 3909 . .5 3549.5 936.0 3.79 2242.7 1306.7 0.14 
66.7 : 0,400 137 82.9 34.5.6 6.68 0.93 6 . .50 .5.588 2634.6 3930,6 358.5.0 9.50.4 3.77 2267.7. 1317.3 0.13 
79.2 0.47S 139 82.8. 3312 7.93 0.92 6.S9 S.Sl3 2642.9 3938.9 3607.7 964.8 3.74 2286.2 1321.4 0.13 
83.3 0 . .500 140 82.8 3312 8)5 0.92 6.62 5.488 2652.6 3948.6 3617.4 964.8 3.75 2291.1 1326.3 0.12 
91.7 0 . .550 142 82.7 316.8 9.19 0.91 .6.68 5.438 2671.6 3967.6 3650.8 9792 3.73 2315.0 1335.8 0.12 
100.0 0.600 144 82.6 302.4 10.02 0.90 6.75 5.388 2689.7 398.5.7 3683.3 993.6 3.71 2338.4 1344.8 0.11 
108.3 0.650 145 82.6 302.4 10.86 0.89 6.81 5.338 268.5.9 . 3981.9 3679.5 993.6 3.70 2336.5 1342.9 0.11 
116.7 0.700 147 82.6 302.4 11.69 0.88 6.87 S288 2702.6 3998.6 36962 993.6 3.72 2344.9 1351.3 0.11 
125.0 0.7.50 149 82.5 288.0 12.S3 0.87 6.94 5.238 2718.6 4014.6 . 3726.6 1008.0 3.70 2367.3 13S9.3 0.11 
133.3 0.800. 1.50 82.S 288.0 13.36 0.87 7.01 5.188 27132 40092 3721.2 1008.0 3.69 2364.6 1356.6 0.11 

141.7 0.850 ISS 82.4 273.6 1410 0.86 7.07 5.138 2788.8 4084.8 38111 ._)_~-~-- 3.73 2416.8 1394.4 0.10 

150.0 0.900 U6 82.4 273.6 15.03 0.85 7.14 5.088 2781.8 4077.8 3804.2 1022.4 . 3.72 2413.3 1390.9 0.10 

158.3 0.9.50 1.57 82.4 273.6 15.87 0.84 121 5.038 . 2774.5 4070 . .5 3796.9 1022.4 3.71 2409.6 13871 0.10 

166.7 t.ooci : 159· 82.3 . 2591 16.70 0.83 119 4.988 ·. 2786.4 4082.4 . 38232 1036.8 3.69 2430.0 13931 0.09 

DU DEVIA'IUIUIL STRESS I!;I'I'.I!.IL'IIVt; ··- l'~STRESS TECH 

@FAILURE I 576.0 I @FAILURE I 1376.1 I RATIO@ FAILURE I 4.30 I DATE ~ 
CHECKED 

REviEWED 
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TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 
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PROJECT NAME: 
PROJECT NUMBER: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
043-2246-0001 

SAMPLEID: PF-10 · DEP1H: 

STRESS-STRAIN CURVE 
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STRESS RATIO-STRAIN CURVES 
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PORE PRESSURE-STRAIN CURVE 
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Sample Type: Bulk 

. Etrec:tiv8 : ·.Initial . Initial 
Confining Dry Moisture 

·Pressure Density : Content·. 
Specimen (psf) (pc:f) .('%, 

1 432 '115.6 13.2 
2 864 115.8 13.3 
3 1296 115.9 13.0 

Average .115.8 13.1 

FAD..URE SKETCH 

0 0 
r ' 
\ A 

1 2 3 

Soil Descriptioa 
Brown, COARSE TO FINE SAND, some fine 

. gravel, some silty clay. 

LL PL PI 

I 
Commeats 

, Sample was remolded to approx. 95% of the 
Max. Dry Density,@ Opt. Moisture Content +2%. 

• Failure based on effective stress ratio 
or ts•h strain. 

CHECK~---------------------------
REVIEW. 



Mohr data 

CONSOLIDATED UNDRAINED TRIAXIAL STRENGTH CONSOLIDATED UNDRAINED TRJ 
MOHR CIRCLE GENERATION SPREADSHEET MOHR CIRCLE GENERATION SPRI 

PF-9 - 8 c· A PF-9 -
CONFINING PRESSURE USED (S3) 432. 864 1296 psf CONFINING PRESSURE USED (S3) 

CONFINING PRESSURE USED (S3) 432 864 1296 psi CONFINING PRESSURE USED (S3) 

MAXIMUM DEVIATOR STRESS (PS 1120.9 . 2178.1 2603.1 psf MAXIMUM DEVIATOR STRESS (PS 
(or load at 1S% strain) (or load at 1S% strain) 

· dUATFAII (S1-S3)12 I (S l'+S3 ')12 cob sin phi phi dUATFAll. (S1-S3)12 . (S l'+S3')12 

144.0 S60.4 848.4 COH1&2 20 0.636108748 40 144.0 S60.4 992.4 

l73.6 1089.1 1679.S COH1&3 60 O.S9S223682 37 273.6 1089.1 19S3.1 

'.~o 1301.6 2093.6 COH2&3 230 O.S13178269 31 S04.0 1301.6 2S97.6 
··! EFFECTIVE ·TOTAL 

tfAPOINTS A 8 c DATA POINTS A 8 
MOHR,1 MOHR,2 MOHR,3 MOHR,1 MOHR,2 

X Y,1 Y;z. Y,3 X Y,1 y;z. 
0 #NUMI #NUMI #NUMI 0 ##NUMI #NUMI 

10 #NUMI #NUMI IINUMI 10 #NUMI t#NUMI 
20 #NUMI #NUMI #NUMI 20 ##NUMI #NUMI 
30 #NUMI #NUMI #NUMI 30 #NUMI #NUMI 
40 #NUMI #NUMI IINUMI 40 #NUMI #NUMI 
so #NUMI #NUMI #NUMI so ##NUMI #NUMI 
60 #NUMI #NUMI #NUMI 60 #NUMI #NUMI 
70 #NUMl #NUM! IINUMI 70 .##NUMI t#NUMI 
80 #NUMI #NUMI IINUMI 80 #NUMI t#NUMI 
90 #NUMI #NUMI #NUMI 90 ##NUMI #NUMI 

100 #NUMl #NUMI #NUMI 100 ##NUMI #NUM!' 

110 #NUMI #NUMI #NUMI llO #NUMI. #NUMI 
120 #NUMI #NUMI #NUMI 120 tiNUMI #NUMl 

130 #NUMI #NUMI #NUMI 130 #NUMI #NUMI 
140 .#NUMI #NUMI #NUMI 140 #NUMI #NUMI 

1SO #NUMI #NUMI #NUMI 1SO #NUMI #NUMI 

160 #NUMI #NUMI #NUMI 160 tiNUMI #NUMI 

170 #NUMI #NUMI #NUMI 170 #NUMI #NUMI 

180 #NUMI #NUMI #NUMI 180 #NUMI #NUMI 

190 #NUMI #NUMI #NUMI 190 tiNUM1 #NUMI 

200 #NUMI #NUM! #NUMI 200 #NUMI #NUMI 

210 #NUMI #NUMI IINUMI 210 ##NUMI #NUMl 

220 #NUMI IINUMI IINUMI 220 ##NUMI #NUMI 

230 . #NUMI #NUMI #NUMI 230 ##NUMI #NUMI 

240 #NUMI IINUMI #NUMI 240 #NUMI #NUMI 

2SO #NUMI #NUMI IINUMI 2SO ##NUMI #NUMI 

260 #NUMI #NUMI #NUMI 260 #NUMI #NUMI 
.. 

270 #NUMI. IINUMl #NUMI 270 #NUMI #NUMI 

280 #NUMI #INUMI IINUMI 280 ##NUMI #NUMI 

290 47 IINUMJ #NUMI 290 #NUMI #NUMI 

300 11S IINUMl #NUMI 300 ##NUMI #NUMI 

310 1SS #INUMI #NUMI 310 NNUMI #NUMI 

320 187 #INUMI #NUMI 320 #NUMI .#NUMI 
330 . 213 i#NUMI #NUMI 330 #NUMI #NUMl 

. 340 236 i#NUM! #NUMI 340 #NUMI #NUMI 

3SO 2S6 i#NUMI IINUMI 3SO #NUMI. #NUMI 

360 . 21S i#NUMI #NUMI 360. #NUMI #NUMI 

Pagel 



APPENDIXG 

ATTACHMENT 2 
CENTENNIAL ROCKY FLATS ALLUVIUM 
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I' (ol) 

II 

~ 
~0 .. I-

\~ 40 

g 
;10 

2fl 

10 

0 

.,...,..,,'-',, ... .., 
PARTICLE SJ.ZE DISTRIBUTION & ATTERBERG UMIT$ 

ASTM D4Z1, D4%2, D43J8 

PROJBCTNAMJ;: Rock)' Flats/Field & L11b TestlngtCO 

SAMPJ..EID: APR-1 Depth (ft): 
TYPE: BULK 

z• .. ,, .... )Ill' ,. IIC 

,. 

"' 1\. 

-~ 
1\ 

~: 

043-2246.0001 

lOIJO 100 10 I o.1 Q.QI I)/I') I 

-

~ 
.!! e 
£ 

• 'e 

li 

-~ 
Ill 

~ 
Vi 

I 
"' vi 
:;i 

'--

Particle si21e In millimeters 

eoa... I 1'1•• I c.,.,. I Modfom 1 Fine T 
~ll~ES ORAVJll. I SAND I 

PllltldcSlo= Partido Sift 

(mm) % l'ealftlt Clw!AIII!IIan l'ctee111Bae 

12.0'' ,()4.8 100.0 

.s.o• 154.2 Joo.o 
1,1,0" 1$4.2 

6.0" 1.$4.~ 

3.0" 75.0 I,,. 37.~ 

1.0" 2,,0 

0.'75" 19.0 

0.37$" ?,, 

'" ~-8 

"'0 2.00 

1120 0.11~ 

"40 0.4J .· 

MQ 0.25· 

WIOO 0.1.!1 

n2oo 0.075 

r--
(Oft!ll) 

·il\ 
0.036 

o.o:z' 

' ~~-.J.....-::;;::.;.:..,_..L.-..:.14:.:;;.9.._.,.1,-:..::.:=-'--.:.:.:::::,.......J ~1-¥1!:-/ "''·"' ~-- 11.4 PlneSond 11.311 
Wi~~Ct 20 lO Cll ~~ GD ?0 

Jt.l ---·-····I~IQIJIDLIMIT~~) .... 
10.: 

I 

I lXI 

.. I 
i 
I 

.. ~ ' ' 

110 ; 

.f 0.013 Pi.,.. ATTSRiaERG t.JMITS 

LL M, Silll)rCJar 

u . 12..'70 I 'I 0.0095 
·O.OOG7 D.O 

liM 

1 10.4 1 
PI,. 

17 

~ o:>.ocm 
0.0014 7.0 

'--

o~SCRII'TION:' Scrong brown (7 -~~ YR 5/6) cloyey grovel wfth.san TECHI-~J;,;.R--l 
DATil: lllm004 

uses:. -(jC J REVIEW MB 

Golder Associates Inc. 



· (}dobcr.04 ~43-2246.000 I 

•. PARTICLE SJZ.E DlSTJUBUTION & ATIERBERG LIMITS 
ASTM D4ZJ, D4:Z:Z., D43J8 

PROJECT NAMe: Rocky FIAti!Field & Lab Tesrlng/CO 
SAMPL610: AJ'R-2 Depth (t\): -
TYPE: BULK 

.. ' . '•'• .... ................. ., ................. ·········-····· -- --.. --·-·· ........ .. ...... M-0-0 

I 
: 12' !' 2" I" Jl~· !II" 1M flO d20 roo a60 ~100 11200 

'! 100 

\ I 

90 I 

' ' 
! 

I ~0 

; ~ ! 
' n;~ 70 I 

I \ ,, 
~ 

.. 

ll \~ 
~ 

~Q 

' 

""' 
I 

I 
I 

i I 

II 
41) 

' I 

g '"-r-1--. 30 .......... 
I 

20 ....... 
~ 

., 

I ~ 
10 

I --
0 
IQIJO 100 10 I IJ.I 0.01 Q.IJQI 

Particle •l~e In millimeters 
. .. . ... .. ..... , ...... -- ····----·······-· ·-· M-- 00 o ·~ ..... -· ... . ..... -

I Q:JilnLesl 
O>nno I rtn. I(Wm I M""bnl I Pill( I Sftlor Cl•t I OIIAY!ll. SAND Pll>lfll: 

l'articloSizo PanidcSi~ 

(ftllll) %P•Jin; Clalllririution I'm= "'SS - ... 
12.0" 304.8 100.0 r .. 

PLASTICITY CHART 
6.Q" IS4.2 100.0 C•lbbiCII !G.!)() 61) 

/I .. .. 6.0'' 1$4.2 100.0 / ~-~-

1! 6.0" 154.2 100.0 / 
~ '9 
~ 3.0' 75.0 R,,J v / 

.~ I.S" ~7.5 6Ci.S g / """ "'') .. 
1.0" 25.0 ~-7 OlOt&e Oro.~el 31.%2. ~ 

00 i ~ v iii 0.75" 19.0 51.9 ~ L 1/ g 0.375" 9.~ "'·7 6 :Ill ·iii 
tl4 4.8 33.1 PineGnwd 1(1.23 

~ VI ' ... 
~ ll 2..77 

hill a Oil 

"" 1110 2.00 311.9 Co=eSand 

~ 
20 

1120 0.8, 2.5.6 / 
Ct.~ v .,; 1140 0.4, ,,_, MeclillmSand 11.03 / ::.i 10 ~~ 0.2$ 16.3 / 

11100 O.JS ,~ ... ./_ 
Q-r / 

Ml,.w:>f, . 
L-- 11200 0.015 10.9 .Fine: Send 1!.91 0 ' 

-~- 'l<f'hl<r ~ ·~ :c lC •o -"' ~~ 7~ r.c ')0 100 110 ,...-
0.036 I.IQIJID LIMIT ILL) 9.6 

.~a .... -·-. ·-··· ....... .,; 0.023 8.? 
I! 0.013 ll.4 FlnC!I A ITERBERG l-IMITS <( 
~ 

0.0094 7.~ Sill orc;'la)' 10.514. M, 1,1., "' ~L r• ~pr,; (INIIInt~) 

~ 0.01){17 .. '1.3 ell .I\' I ~8 I 17 I 11 I 2..70 I { 0.0033 6.1 
::z: 

0.0014 5.2 -
DF.SCRII'iiON: Strong brown (7.55 YR 516) cl:~yey grovel with ~n TECH· JR 

DATii ll/3fli}IJG 

uses:' GC RJ!:VlF,W MB 

Golder A..~ociates Inc. 
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ATTACHMENT 3 
TEST PIT AND BOREHOLE LOGS 



2004 

c 
"' .e 

rl.l 

~ 
1-o 
rl.l 

IZl 
< 
f;l;1 = rl.l 

TRIAXIAL COMPRESSION TEST- CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTMD4767 

PROJECT NAME: 
PROJECT NUMBER: 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
. 043-2246-0001 

SAMPLEID: PF-10 DEP1H: 

STRESS PAm 
3000r-----------~-------------r------------~--------~~ 

2000 

1000 

STRESS PAlll 
•. -TOTAL STRESS PARAMETER 

23.6. 

sin( Ill) • tan(11) 

a c•--
CDS( ell) 

EFFECTIVE 

• O.S603x + 120.64 

127.96 

2000 3000 
P (a1 +a,) /2 (psf) 

MOHR CIRCLES 
. · •roTALS~PARAMETER 

• 25.9. 
128.0 psf 

·:-:·::: ~ ffF:ecrivESTREss PARAMETER_;:'::: ·:.;·:.•: c ··.· . " ............ 142:3 psf 
. . •a=F.ECTIVE SlR&IGni PARAMEtER . 

a' 
a' 

29.3. 
120.7 

• • 34.1. 
c.. 145.7 

MOHR STRESS CIRCLES 

4000 

3000T-----------~----------~-r------------~----------~ 

2000 

1000 

0 10oo 2000 

NORMAL STRESS (psf) 

EFFECilVE 

••• y = 0.676Sx + 145.69 ...... 

TMAL 
y = 0.48S8x + 142.26 

4000 

Bulk 

Effective Initial .... Initial. 
Continmg :D&~· Moisture 
Pnllisure •.. ~nt 

Specimen ...., :; ; . (llet) •. ~ (%) 

1 432 I 115.6 13.2 
I 

2 864 I 115.8 13.3 
3 1296 I 115.9 13.0 

.2~ '~~-~? ~~4 f~~ 
1 0.10 77.7 96.2 
2 0.10 78.6 97.1 
3 0.10 77.2 95.7 

Soil Descriptiou 
Brown, COARSE TO FINE SAND, some fine 

. gravel, some silty clay. 

uses (SC) I 

LL PL 

Conimeats 
Sample was remolded to approx. 95% of the 

. Max. Dey Density,@ Opt Moisture Content +2%. 

• Failure based oa effective stress ntio 
or IS•-' stnia. 



li.S. DEPARTMEWT OF EJiERG,,Y .~GCKY FLATS PLA,.NT '1 c- . 
.. 0~ Cl~4-,5 D~'I:J 0 1-n' 11&:.0-pt.:J 

FORM PRO~lOIA 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGEL OF-

.Borehole Number: B "g h<1 c.. · · . Surface Elevation: ,....,--;.5';....1.L.::S;,_;o;;;..··----
Location- North~ East: Area: Wot"'ltJ.., LreLlL 
Date: . · '7J..t I 04 Total Depth:· 2 S""7

" · 

Geologist: 'r4rt:ll He.tdrrc..k.. Company: . Pro,ect No;:57J7B 
Drilling Equip,;, .· CM.-fL75 JH/ Te,rr:u"'.Rio · S_ampie Type: 

· SAMPLE DESCRIPTION 

C()lLlJV~l>t(' · ·0 c. 01, . 

z v .. 
~i 

I!:IS! ..... I 
§!:: '•5 .. o :r- Cl -, z .... uc ;:~ :;,og 

0 . i! 
.,.::1 : ~-~ ..... ~c .. c· ::1 .. .. ... '"' 0 I! . •·.· 0 

o· 

NOT-ES: General: l:JSCS is modified lor this log as iollows: .• Procedure No. RMRS/OPS-PRO.IOI 
t.l'.a~rials C!fnOVI'IIS are estimaJed by %-volume instead of% weight. 
(1)·Sadly brokenCOI'e. accurate iOotage measurements not possible. 
(2)·Core breaks cannot be matched. accurate fOOtage measurements. not possible. 

Revision 0 

Date effective: 12131198 
Page 27 of28 



·li.S. DEPARTMENT OF ENERGY ROCKY FLATS PUNT FORM PRO.lOlA 

ROCKY FLATS E~ONMENT AL TECHNOLOGY SITE B.OREHOLE. LOG PAGE 2 OF 2-
Borehole Number: BD · Surface Elevation: --------
Location- North: East: Area: ---------~----
Date: Total Depth: ---..--...-- · 
Geologist: Company: .ProJect No.: 5 73 7 8 
Drilling :Equip.:. · Sample Type: 

RMRS LOGGING SUPERVISOR 
APPR()YAL. 

g . · :1 · ···· w;...'::_.fz .o ._. o"'c ....... cr: . "' 
~ ll.' "' ·I= . ~- u~2..,· ...... ·. "! .;., 
b 8 ° 0 .. 1[. "'"'"'tr' t..... . .. 6 ·. 
e( ..... E·o "'· oi&;:~. · .. ~:~ . ·~,i 

···@i·t>~•.fl .itiz":"'!l £ .... 
........ ·.·· ... :.~ _; 

.. .. o 
UOl 
.. :II· 
;:1,. ·• 

'· ~5~ 
. ·. )-~l -

.c.· ......... 

.... 2.7-
4. 

_:_lf-

~2'1-
. 

' -~ 

~ 31 -

1-3l.-

~'33-

f-3~ 

1-3~-

2L ..,.., 

:- 11 -

~-:-3l-

f- Sf -
Do 

. 

. 

I NOTES: General: USCS is modified tor this log ~ foUows: 
Materials amounts i!fe .estimaled by '% volume inslead ot '% weight 
(1) Batlly brokeR core.' accurale tootage measurements not possible. 

'DATE 

. 

J 
. ' 

SAMPlE OE~RIPTIO~ 

' 

.. 

: 

' 

Procedure. No. RMRS/OP$-PRO.JOJ 

(2) Core brealts cannot be malchetl. accurate toolage measuremen!S no1 possible. 

Re\risl~ -~. 1 

Date effective: 12/31198 
Page27 of28 

... ··-·" -- -··"""._......, 



: 

..... -- .. 
U.S. DEPARTMENT OF ENERGY.. ROCKY FLATS PI..ANT . FORM PRO.lOIA 

ROCKY FLATS ENVIRONME~'TAL "J¥JRlOWGY SITE BOREHOLE LOG PAGE...:LOF£... 
Borehole Number. B -:- j . (f?/\ 0. !?~ J SurfaC!'! :Elevation: r-" 51 S 0 
Location -_North! ' f;'P!!: Area: W(lrrvr.-. C.c ee./L. 
Date: 7 i lo! {)~ f- 7l1. Total Depth: ./25

1 

Geologist: tZ i elL t.IP.J i1' r} r.J, Company: Pro,ecl No.: ·573 7 g 
DrillingEquip.: ·IJ.n-r ..... ~o- .. ...1. f'Mt"'-7!; Sam~Type: 

RMRS LOGGING SUPERVISOR· . . .. ~ 

APPROVAL .. 

-J{,-

717-
-:-/.0-
~ 17-

.?..0 

NOTES: General: USCS is modified tor this log as folows: 

SAMPLE DESCRIPTION 

J.LLUVIUM .. 

SOI"''e ~No. R."-ffi.SIOPS-PR0.101 
Rey;.sion 0 . I MateJials amounts are estimaled by % vdume inslead of % weight. 

(1} 8adly broken core. accurate tootage measurements oot posSible. 
(2) Core breaks cannot be matched. accurate footage measurements 1)01 possible. 

Date-effective:· 12131/98 
Page27 of28 



U.S. DEPARTMENT OFENER~Y ROCKY FLATS PLANT .FORMPRO.~OlA 

ROCKY FLATS E~.·· ONMENTAL TECHNOLOGY SITE B.OREHOLE LOG PAGE 2 .OF 2,_ 
Borehole Number: ~ · . Surface'Elevation: ------"--
LoCation - NorJ.hV , · · East: Ar~ ---:---------=-----
Date: . ·1~-:i[d:f Total Depth: 5 3 7 
Geelogist: . ·. <' .. Company: Pro,ect No.: 7 . 8 
Oril_l~-~ Equip.: :- · Sampl~ Type: 

'ltMJiS LOGGING SUPERVISOR 
APPROVAL . .. 

. z 
If.;. 2 .. ·.-·.·r4~ 
;) ... . 15.6 : .,::~. it £~ .. l!. 

.... ··1 • "! 

-~; .. 

.. 

!l 
.0 ... ... o 

u .. 
uo:E; 
:;! .. .. -~.~8. . ~-! .. , 

::; 

--22..-

'-- 27-

·._zg_ 

,_zc:; -
_;~ .. 
t-3i.:. 

1-32.-

1- '33 -

~-~'I-

r-3~-

. ..._:;v_ ....,_ 

f- $7 -

f.:--31-. 

f- :Jf -

JJo 

DATE 

. i 
SAMPLE DESCRIPTION . I 

a'l:/-w··(.,I..A'(!f;1$iJE./ blac.Lj ~~JJ 
~io t.Jtd~ h;zY.J; t116·J.~t~ J l.ltnly . 

Jt;w.:~/ In ~lac~- . . . 

. .. 

: 

.. 

Procedure No. RM_RS/OPS..PRO.l OJ NOTES: 'General: USCS is modified tor this log ~ follows: 
t.A.2!eria!5 2JT10Unts are-estimated t>y % volume ins1Cad Ot % weight. Revision .o . 
( 1) Badly broken cor-e. accurate botage measurements POt pOssible. 
(2) Core brea~s cannot be ma1ched, accurate fOotage measurements not poSsible. 

Date effective: 12131198 
Page27 of28 
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SCALE", FT. 
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: TRENCH NO • .._.___,= 
m : Sl\EET_b_ OF 

. )> .. > .. 

-~ :1:1 
l'l 

~· -· , o-g,s 
1 ~- :J: u'- rJ. ,5' 

~If(" I . I 
r. \:!!/ ~.s --tl.o @ ,.. 
p •t 

J9.,5-1Lf,=l @ 
8 

Ill ~ 
~ 
-~ .n "( 

:i: 

It fl.e,i:l;.'c.L ~~==+=~ ... = =:f~===t=~lf4i~~~--~--:--'""~-r-·~-
ca·GOED BY 

in 
::a 
> 
-a 
:c 
- it 

: I 
::a ,.., 

. z: 
n 
:c 

._,._.·-·-SCALE, FT • 

) 

-----



. Depth from 
Depth to First Surface to 

Cross Section Granular Soils Weathered 
Borehole Location (alluvium) Clay layer Bedrock Northing Easting 

B-8 B/C 8.0 0 14.5 747579.366 2081816.55 
----E3~9------------cs-----~----~-~----6~o---------------o----------------6~e;---------7'47-ss-3~22i3--2-os1-97's~s~-

---:rf':2-----------[5----------------~~o---------------o~---------------6~ei----------7~75-7o~~1s--:2ofi14-ss~c;s-

---:rf':f-----------~~----------------o~o---------------o---------------1-2~5----------7~7ei43~ei92--:2ofi21-s3~~2-
---ss-99~----------~-----------------o~o---------------o----------------4~ei------------74-7s-23 _______ 2Cia1-47_6 __ _ 
---s9o9~-----------s-----------------o~o------------2~2:~.o------------1T5-----------~74-75-6s ______ 2Cia7rso-9T 
---s7:39~----------cs-----------------o~o------------6~a:7'.~------------7~4-------------7~74-79 _______ 2Cia1-9si37--
--------------------------------s~~-a-na-cia)ito-------------------------------------------------------------------;-- . 

57594 D bedrock 4.0-16.5 16.5 747590 2082153 
---59:39~----------~-----------------6~5------------5~3:7'.5------------7~e;------------7~75-55------.-2Ci81-48_9 __ _ 
----------------------------------5T~y-cia)ito--------------------------9~{riat _____________________________________ _ 

---~I~-~------------~--~------"'----~~-<!~~s:-~--------~.:9..-_!?.:9 ______ ~-~~£~!l-~~~~91 ___________ ~eJ_~~~~§l-~~~---------
10+ (not 

57894 B 3.2 0-3.2 encountered) 747656 2081740 
---s9-s9~---------E3ic;--------~-------3~o-------------a:3~c;------------1-4~4------------7~7s-77 _______ 2Cia1-7s_6 __ _ 

~~~~g![~~~~~~~~~~~~~~::::::::::::::::~~~:::::::::[~y~~~~!~:§[::::::::::~:::::::::::::::::::69}:~~~~~~[~::::::::~ 
59793 D .. 9.3 0-9.3 13.3 747553 2082128 

---ss-o9~----------[5----------------o~o---------------o-----------------1o-------------7~74-s2 _______ 2Cia~24_7 __ _ 
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