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1.0 INTRODUCTION 1 

 Purpose 2 

The purpose of the Integrated Disposal Facility (IDF) is to develop the capability for near surface disposal 3 

of Immobilized Low-Activity Waste (ILAW) waste packages from the River Protection ProjectïWaste 4 

Treatment and Immobilization Plant (RPP-WTP).  The IDF is essential in meeting the overall 5 

U.S. Department of Energy (DOE), Office of River Protection (ORP) mission to store, retrieve, treat, and 6 

dispose of the highly radioactive Hanford tank waste in an environmentally sound, safe, and cost-effective 7 

manner.  The IDF will also provide capacity for disposal of Mixed Low-Level Waste (MLLW) and 8 

Low-Level Waste (LLW) from the Demonstration Bulk Vitrification System (DBVS).  The detailed 9 

design for the IDF Phase I Critical Systems landfill will finalize the design process for the: 10 

¶ Landfill Liner System. 11 

¶ Leachate Removal System. 12 

¶ Leak Detection System (LDS). 13 

The IDF detailed design also involves completing all design work required for an operable landfill and 14 

supporting the Resource Conservation and Recovery Act of 1976 (RCRA) Part B permitting for the IDF. 15 

This Phase I Critical Systems Design Report (Design Report) provides documentation of engineering 16 

calculations, criteria, and information that have been developed as part of the IDF detailed design for 17 

Phase I. Specifically, the Design Report documents the following important design information: 18 

¶ Identifies key design requirements for the project (Section 2). 19 

¶ Summarizes studies on site conditions and investigations that have been used in the development 20 

of detailed design parameters for the critical systems (Sections 3 and 4). 21 

¶ Presents detailed engineering analysis performed in the development of the Phase I Critical 22 

Systems design and updated during construction implementation (Section 5).   23 

¶ Provides system component descriptions, references important construction quality assurance 24 

(QA) requirements, and describes important interfaces with non-critical systems (Section 6). 25 

¶ Describes operating provisions that have influenced the development of the design including 26 

waste placement requirements, operational interfaces with other Hanford facilities, and leakage 27 

response action plan requirements (Section 7).  28 

Design information pertaining to modifications to critical systems performed during IDF infrastructure 29 

construction are included in this design report.  These modifications are described in CHPRC-03958, 30 

Final Design Report for the Integrated Disposal Facility Infrastructure, Section 4.5, and includes the 31 

following: 32 

¶ Removal of geomembrane floating cover, and replacement with a fabricated aluminum dome 33 

cover. 34 

¶ A leachate transfer pipeline connected through the two leachate transfer buildings to allow 35 

flexibility with leachate management between the storage tanks and disposal cell sumps. 36 

 Scope 37 

 General 38 

CH2M HILL, Inc. (Affiliate) is responsible for production of a cost-effective final design and to produce 39 

critical systems detailed design documents and construction specifications to facilitate RCRA permit 40 

approval of the IDF.  The IDF technical requirements are found in the following documents: 41 

· Immobilized Low-Activity Waste (ILAW) Project Definition Criteria, Revision 1 (RPP-7898). 42 

· System Specifications for ILAW Disposal, Revision 3 (RPP-7307). 43 
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· Hanford Environmental Management Specification (DOE/RL-97-55). 1 

Design products are to be prepared in compliance with the technical requirements, as well as with other 2 

specific procedures that are dictated by CH2M HILL Hanford Group, Inc. (CH2M HILL) requirements 3 

and outlined in the Statement of Work (SOW), Integrated Disposal Facility Detailed Design Support 4 

(Revision 2, 2003), described in more detail under Section 2 of this Design Report.  The overall design 5 

work includes reports, schedules, estimates, and other special services as specified in the SOW.  As part 6 

of the design effort, the Affiliate will perform the following global tasks: 7 

· Develop a conceptual layout and preliminary design drawings for the IDF.  The IDF preliminary 8 

layout will depict a single expandable landfill system, with capability for segregation of RCRA 9 

regulated and non-regulated waste placement and segregated leachate management systems. 10 

· Develop a detailed design that meets the requirements of the ILAW Project Definition Criteria 11 

and the ILAW System Specification. 12 

· Develop the construction specifications for the detailed design. 13 

· Ensure that there is full technical integration between all detailed design reports prepared for the 14 

detailed design of the IDF. 15 

· Perform the design activities in accordance with all applicable regulatory requirements. 16 

The design will implement the safety and health protection requirements imposed on the design by the 17 

SOW and the technical baseline criteria documents, and will comply with all applicable regulatory 18 

requirements for the project.  It is important to note that although the design is for identified critical 19 

systems of the Phase I IDF, a preliminary safety evaluation was performed for the W-520 Project that 20 

identified no safety class items, including criticality safety (Conceptual Design Report for ILAW Facility, 21 

CH2M HILL, May 2001). 22 

The timely completion of the critical system detail design of the IDF, in compliance with the RCRA 23 

permit approval process [WAC 173-303-665 and 173-303-806(4)(h)], is a critical component of the 24 

SOW.  Drawings, construction specifications, and reports needed to obtain DOE certification and 25 

Washington State Department of Ecology (Ecology) approval of the IDF RCRA Part B permit is the 26 

overall goal of the project.  The detailed design for the initial Phase I disposal landfill and the critical 27 

systems design include the liner system, the leachate collection system, and the LDS.  The detailed design 28 

will produce an operable landfill design and support the IDF RCRA Part B permitting.  29 

 Design Report 30 

The Design Report describes the key facility components and provides the design basis and detailed 31 

calculations that support the development of drawings and specifications.  Key facility components that 32 

are described in the Design Report include: 33 

¶ Facility layout (location, access roads and operational ramps, survey control system). 34 

¶ Landfill geometry (disposal volume total and per disposal unit, disposal unit dimensions). 35 

¶ Disposal unit grading design (foundation soils contour, lower admixture layer contour, operations 36 

layer cover contour). 37 

¶ Grid point listing (grid point number, location, and elevation for all grid points required for 38 

construction of the IDF). 39 

¶ Geosynthetic material design (primary geomembrane, secondary geomembrane, geotextile, and 40 

geocomposite drainage layer). 41 

¶ Leachate Collection and Removal System (LCRS) and LDS design [sump design, removal 42 

system designïLCRS and LDS, leachate level monitoring system design, transfer pump as 43 

required to meet WAC-173-303-665(2)(h)(ii) to ensure that the leachate depth over the liner does 44 

not exceed 12 inches]. 45 
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¶ Leachate temporary storage tank system design (tank volume, tank design, tank materials/ 1 

leachate compatibility, tank coating, tank secondary containment system, leachate transfer pipe 2 

lines), including electrical and power requirements necessary to support the leachate removal 3 

systems. 4 

¶ Pump controls and instrumentation design (control, operations, monitoring, and control building 5 

design). 6 

¶ Operational storm water management design. 7 

¶ Backfill placement requirements and process (minimize void space, minimize subsidence of 8 

waste, placement and material requirements to ensure there are no adverse effects on the waste 9 

packages). 10 

¶ Other facility designs identified as necessary to support the project completion. 11 

The Design Report includes design calculations that are prepared in accordance with the requirements of 12 

procedure HNF-IP-0842 Vol. 4, Section 3.6 (July 30, 2002).  Important calculations that are documented 13 

include: 14 

Stability (liner side slope [each liner layer based on interface strength], requirements for verification for 15 

critical interface strengths, fill placement ramp, global stability of the overall design, and other relevant 16 

stability analysis). 17 

Seismic analysis (side slope and global embankment stability under seismic loading, and seismic design 18 

of structures). 19 

Bearing capacity (liner sub-grade soils and other relevant bearing capacity analysis). 20 

Total settlement, differential settlement, and uplift analysis (foundations soils, compacted admixture 21 

layers, total settlement, top slope drainage evaluation, subsidence and sinkhole potential, uplift potential, 22 

and other relevant settlement analysis). 23 

Admix liner analysis (liner admixture bearing capacity, admix liner specifications, desiccation cracking, 24 

and other relevant liner admixture analysis). 25 

Geomembrane liner analysis (liner tension caused by thermal contraction/ expansion, anchor trench 26 

pullout analysis, puncture resistance, potential stress cracking, leachate compatibility, chemical and 27 

radiation resistance, mechanical degradation from operational traffic, and other relevant geomembrane 28 

analysis). 29 

Drainage layers analysis (geotextile analysis and selection, geocomposite selection, drainage gravel 30 

selection analysis, and other relevant drainage analysis). 31 

LCRS/LDS analysis (clogging prevention in LCRS, design of leachate collection sumps, design of high 32 

capacity and low capacity leachate removal pumping systems, design of leachate storage tank and 33 

secondary containment system, leachate depth monitoring system, design of leachate system control 34 

building, leachate compatibility of components in the LCRS, and other relevant leachate analysis). 35 

Leachate system earth loading analysis (LCRS and LDS slope riser pipes, LCRS collection pipe, leachate 36 

transfer pipes, and other relevant system loading analysis). 37 

Surface stormwater analysis (operations in-cell stormwater management, operations runon/runoff water 38 

management, site stormwater collection/evaporation management system, and other relevant storm water 39 

analysis). 40 

Leachate production analysis (average annual leachate production, peak daily leachate production, 41 

leachate tank storage capacity, leachate transportation truck capacity, and trip frequency). 42 
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ALR analysis (the maximum design flow rate that the secondary leachate collection, detection, and 1 

removal system can remove without the fluid head on the bottom liner exceeding one foot; calculation 2 

and justification of the maximum leachate infiltration rate through the primary liner system; a response 3 

action plan in case the maximum ALR is exceeded during operation of the IDF). 4 

Updates to calculations that have occurred through the construction process, either during independent 5 

quality reviews of tank systems, in response to contractorôs requests for information, or changes 6 

implemented during construction have been attached to the original calculations in the appendices. 7 

Compliance matrices have been developed to demonstrate detailed design compliance with the applicable 8 

sections of the regulations (WAC 173-303) and with project-specific specifications, criteria, reports, 9 

codes, and standards.   10 

Updates to the matrices that have resulted from the completion of construction activities and associated 11 

documentation are also provided.  These matrices are presented in the Design Report in Appendix A. 12 

 Authorization 13 

After careful consideration and evaluation, CH2M HILL elected to self-perform the IDF Phase I Critical 14 

Systems design.  As such, the design is being performed as an inter-company work assignment by the 15 

Affiliate under the direction of CH2M HILL.  CH2M HILL was authorized to self-perform the work by 16 

the DOE, ORP, in a letter dated December 9, 2002. 17 

CH2M HILLôs Prime Contract Number with the ORP is DE-AC06-99RL14047.  The inter-company 18 

work assignment is Contract 12317, Release 22, dated November 7, 2002. 19 

 General Facility Description 20 

The IDF will consist of an expandable lined landfill located in the 200 East area on the Hanford Facility 21 

(HF).  The landfill will be divided lengthwise into two distinct cells, one for disposal of LLW and the 22 

other for disposal of mixed waste.  The mission of the IDF will include the following functions: 23 

· Provide an approved disposal facility for the permanent, environmentally safe disposition of 24 

ILAW packages that meets the environmental requirements and is approved by the DOE and 25 

Ecology. 26 

· Receive ILAW from RPP tank operations and dispose this waste onsite.  Receive waste from the 27 

DBVS and dispose this waste onsite. 28 

· A more detailed discussion of waste types and the necessary storage volumes for these wastes is 29 

provided in Sections 5 and 6, respectively. 30 

· The IDF will be constructed on 25 hectares of vacant land southwest of the Plutonium Uranium 31 

Extraction Facility (PUREX) Plant in the 200 East Area.  The IDF will consist of a lined landfill 32 

that will be constructed in several phases.  The landfill will be segregated into a RCRA permitted 33 

cell and a non-RCRA permitted cell.  The scope of this permit is limited to the western cell of the 34 

landfill where the RCRA waste will be stored and disposed.  The landfill is designed to 35 

accommodate four layers of vitrified LAW waste containers separated vertically by 0.9-meters of 36 

soil. 37 

· This initial construction will start at the northern edge and the size is approximately 223 meters 38 

East/West by 233 meters North/South by 14 meters deep.  At this initial size, IDF disposal 39 

capacity is 82,000 cubic meters of waste.  Subsequent construction phase(s) will require a 40 

modification to the Part B Permit to be constructed after waste placement has progressed in the 41 

landfill to the point that additional disposal capacity is needed.  This approach minimizes the 42 

open area susceptible to collection of rainwater and subsequent leachate. 43 
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· The landfill is currently estimated at full build out to be up to 446 meters wide by 555 meters in 1 

length by up to 14 meters deep.  The RCRA regulated portion of the landfill would be half of that 2 

at approximately 223 meters wide by 555 meters long by up to 14 meters deep providing a waste 3 

disposal capacity of up to 450,000 cubic meters. 4 

· Both cells will have a RCRA C-compliant liner system that consists of an upper primary liner 5 

overlying a lower secondary liner.  The upper liner will consist of a composite geomembrane 6 

liner and geosynthetic clay liner (GCL) system on the bottom area, and a single geomembrane on 7 

the side slope.  The secondary liner will consist of a composite geomembrane, overlying a 8 

3-foot-thick soil admix liner.  A LCRS and a LDS will overly the primary and secondary liner 9 

system, respectively.  A Secondary Leak Detection System (SLDS) will be located below the clay 10 

liner, beneath the LDS sump. 11 

· The IDF also will include a less than 90-day accumulation area of leachate for storage in two 12 

tanks, one per landfill cell.  The leachate storage tanks will be located at the north end, in close 13 

proximity to the lined landfill.  Each tank will be protected by secondary containment 14 

(double-lined tanks).  Leak detection will be provided by monitoring of the secondary 15 

containment.  The collected leachate will be stored and sampled before transfer to an onsite 16 

Treatment Storage and Disposal (TSD) unit or offsite TSD facility.  The less than 90-day storage 17 

leachate collection tanks will be operated in accordance with the generator provisions of 18 

WAC 173-303-200 and WAC 173-303-640, as referenced by WAC 173-303-200.  The overall 19 

site development plan is shown in Figure 1-2. 20 

· The landfill will be constructed in several phases.  Starting at the northern edge, approximately 21 

one-third of the total length of the landfill will be constructed in Phase I.  This will include the 22 

leachate collection system and 90-day accumulation tanks.  The subsequent phases will be 23 

constructed after waste has been placed in the landfill and additional disposal capacity is needed.  24 

This approach will minimize the amount of open area susceptible to collection of rainwater and 25 

subsequent leachate. 26 

· Before disposal, all waste will meet land disposal restriction requirements [Revised Code of 27 

Washington (RCW) 70.105.050(2), WAC 173-303-140, and 40 Code of Federal Regulations 28 

(CFR) 268, incorporated by reference in WAC 173-303-140]. 29 

· Future landfill development and configuration within the IDF will be subject to change as 30 

disposal techniques improve or as waste management needs dictate.  Additional IDF landfill 31 

development beyond the 62 acres will be subject to an approved permit modification, in 32 

accordance with the HF RCRA Permit (Ecology, 2001). 33 

· Public access to the IDF will be restricted.  Trucks typically will be used to transport waste to the 34 

IDF and will range in size from heavy-duty pickups to tractor-trailer rigs, depending on the size 35 

and weight of the load.  In some cases, special equipment (such as transporters) will be used for 36 

unusual or unique loads.  When special equipment is used, a prior evaluation will ensure that the 37 

equipment does not damage the roadways. 38 

· Approximately 60 personnel will traverse this roadway daily in three shifts via personal vehicles 39 

per week 40 

Figure 1-1  Integrated Disposal Facility Site Plan 41 

Located in Chapter 1.0, Part A Form 42 

Figure 1-2  Overall Site Development Plan/Transportation Routes 43 

Located in Chapter 4.0, Figure 4.1 44 
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2.0 DESIGN REQUIREMENTS 1 

Minimum design requirements for the IDF Phase I Critical Systems Design were provided by 2 

CH2M HILL in the SOW for Requisition # 92859, Integrated Disposal Facility Detailed Design Support, 3 

Revision 2, February 18, 2003.  The IDF Phase I Critical Systems Design has been performed in 4 

compliance with all applicable design requirements, defined in Sections 2.1 through 2.7, and these 5 

requirements are: 6 

· Washington State Dangerous Waste Regulations (WAC 173-303). 7 

· System Specification for Immobilized Low-Activity Waste Disposal System, Revision 3 8 

(RPP-7307). 9 

· ILAW Project Definition Criteria for Integrated Disposal Facility, Revision 1 (RPP-7898). 10 

· Hanford Site Environmental Management Specification, Revision 2 (DOE/RL-97-55). 11 

· Design Loads for Tank Farm Facilities (TFC-ENG-STD-06, Revision A). 12 

· Technical baseline documents listed in Section 3.1 of the SOW. 13 

· Applicable national codes and standards. 14 

 Washington State Dangerous Waste Regulations 15 

The Washington State Dangerous Waste Regulations (WAC 173-303) implement Subtitle C of Public 16 

Law 94-580, the RCRA in the State of Washington.  By conforming to the requirements of 17 

WAC 173-303, the design of the IDF Phase I Critical Systems also complies with the federal hazardous 18 

waste requirements contained in 40 CFR 264, Standards for Owners and Operators of Hazardous Waste 19 

Treatment, Storage, and Disposal Facilities.  Appendix A.1 provides a compliance matrix of where the 20 

applicable WAC 173-303 requirements are addressed in the IDF Phase I Critical Systems detailed design 21 

documents, or are addressed in documentation developed as a result of facility construction. 22 

 System Specification 23 

The System Specification for Immobilized Low-Activity Waste Disposal System, Revision 3 (RPP-7307) 24 

contains the Level 1 system requirements for the ILAW  Disposal System, of which the IDF is a part.  25 

Appendix A.2 provides a compliance matrix of where the applicable Level 1 system requirements are 26 

addressed in the IDF Phase I Critical Systems detailed design documents, or are addressed in 27 

documentation developed as a result of facility construction. 28 

 Project Definition Criteria 29 

The ILAW Project Definition Criteria for Integrated Disposal Facility, Revision 1 (RPP-7898) contains 30 

the design criteria for the IDF, including requirements flow-down from RPP-7303, System Specification 31 

for ILAW Disposal System, and DOE/RL-97-55, Hanford Site Environmental Management Specification.  32 

Appendix A.3 provides a compliance matrix of where the applicable design criteria are addressed in the 33 

IDF Phase I Critical Systems detailed design documents, or are addressed in documentation developed as 34 

a result of facility construction. 35 

 Hanford Site Environmental Management Specification 36 

The Hanford Site Environmental Management Specification (site specification), Revision 2 37 

(DOE/RL-97-55) documents the top-level mission technical requirements for work involved in the 38 

Richland Operations Office, Hanford Site cleanup and infrastructure activities, under the responsibility of 39 

the DOE Office of Environmental Management.  It also provides the basis for all contract technical 40 

requirements.  Section 3.3.2, 200 Area Materials and Waste Management of the site specification contains 41 

the requirements for receiving and onsite disposal of ILAW from RPP tank operations.  The documents, 42 

orders, and laws referenced in the site specification represent only the most salient sources of 43 

requirements.  As such, the site specification is assumed to have no significant measurable requirements 44 

that would directly affect the IDF Phase I Critical Systems design. 45 
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 Design Loads for Tank Farm Facilities 1 

The Design Loads for Tank Farm Facilities (TFC-ENG-STD-06, Revision A) defines the design 2 

requirements for systems, structures, and components (SSCs), and provides the minimum criteria for 3 

structural design and evaluation of SSCs.  The standard establishes structural design loads and acceptance 4 

criteria for use in designing new SSCs.  Figure 1 of this standard indicates that for new SSCs, structures 5 

and anchorage of systems and components are to be designed per DOE-STD-1020-02 and Section 3.0 of 6 

this standard.  These were used for the design of the IDF Critical Systems facilities.  The IDF Critical 7 

Systems facilities were defined by CH2M HILL as being Performance Category (PC)-1.  The PC-1 8 

requirements in this standard were used in the structural design of the facilities included in IDF Phase I 9 

Critical Systems. 10 

 Technical Baseline Documents 11 

The technical baseline documents are listed in Section 3.1 of the SOW.  These documents include the 12 

System Specification for ILAW  Disposal System, ILAW Project Definition Criteria for IDF, Hanford Site 13 

Environmental Management Specification, and Design Loads for Tank Farm Facilities, discussed in the 14 

preceding sections. 15 

 National Codes and Standards 16 

In addition to WAC 173-303, the system specification, project definition criteria, site specification, and 17 

tank farm design loads that are discussed above, the IDF Phase I Critical Systems design was guided by 18 

other applicable sections of accepted professional and industry standards.  These included the following: 19 

· Air Moving and Conditioning Association. 20 

· American Association of State Highway and Transportation Officials (AASHTO). 21 

· American Concrete Institute. 22 

· American Galvanizers Association. 23 

· American Institute of Steel Construction. 24 

· American Iron and Steel Institute. 25 

· American National Standards Institute. 26 

· American Society for Testing and Materials (ASTM). 27 

· American Society of Civil Engineers (ASCE). 28 

· American Society of Heating, Refrigerating, and Air-Conditioning Engineers. 29 

· American Society of Mechanical Engineers. 30 

· American Water Works Association (AWWA). 31 

· American Welding Society. 32 

· Building Officials and Code Administrators ï Basic Building Code. 33 

· CFR. 34 

· Concrete Reinforcing Steel Institute (CRSI). 35 

· Federal Standards. 36 

· Geosynthetic Research Institute (GRI). 37 

· Hydraulic Institute Standards. 38 

· Institute of Electrical and Electronic Engineers (IEEE). 39 

· International Conference of Building Officials ï Uniform Building Code (UBC). 40 

· Manufacturers Standardization Society. 41 

· Metal Building Manufacturers Association. 42 
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· National Electrical Code (NEC). 1 

· National Electrical Manufacturers Association. 2 

· National Fire Protection Association (NFPA). 3 

· National Institute of Standards and Technology. 4 

· Occupational Safety and Health Administration. 5 

· Sheet Metal and Air Conditioning Contractors National Association. 6 

· Steel Door Institute. 7 

· Steel Structures Painting Council. 8 

· Specialty Steel Institute of North America. 9 

· The Aluminum Association, Inc. 10 

· Underwriters Laboratories, Inc. 11 

· Washington State Department of Transportation (WSDOT) Standard Specifications for Road, 12 

Bridge and Municipal Construction. 13 

3.0 SITE CONDITIONS 14 

This section presents information on the Hanford Site and the area on the site where the IDF will be 15 

located.  This information was obtained primarily from the ILAW Preliminary Closure Plan for the 16 

Disposal Facility (RPP-6911) and other Hanford Site data sources.  It is intended to provide a general 17 

characterization of the IDF site conditions that are pertinent to the design of the IDF Phase I Critical 18 

Systems. 19 

 Geography 20 

The following paragraphs briefly describe the geography of the IDF site and are prepared from 21 

information in the ILAW Preliminary Closure Plan for the Disposal Facility (RPP-6911). 22 

 Site Location 23 

The location of the IDF is on the Hanford Central Plateau, in the 200 East Area within the Hanford Site 24 

boundary.  The site identified for the IDF is 68 hectares (168 acres) of vacant and uncontaminated land, 25 

located southwest of the PUREX plant in the 200 East Area.  It is bounded on the south by 1st Street and 26 

on the north by 4th Street. 27 

 Site Description 28 

The IDF landfill will occupy approximately 25 hectares (62 acres) of the site identified for the facility.  29 

The remainder of the site will be used for soil stockpile, leachate storage tanks, operations support 30 

facilities, roads, parking areas, and open space.  The IDF in Phase I will be approximately 11 hectares 31 

(28 acres).  Phase I will be located at the north end of the IDF landfill and will include provisions for 32 

expansion to the south for future phases. 33 

 Meteorology and Climatology 34 

The following paragraphs briefly describe the climate of the IDF site and are prepared from information 35 

in the ILAW Preliminary Closure Plan for the Disposal Facility (RPP-6911), which presented summary 36 

data from the Hanford Meteorological Station (HMS).  Conditions at the HMS are considered similar to 37 

those at the IDF site.  Detailed information is available in the Hanford Site Climatological Data Summary 38 

2001, with Historical Data (Pacific Northwest National Laboratory [PNNL], May 2002).  The IDF 39 

Phase I Critical Systems is designed to operate in the climatic conditions reported in that document. 40 
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 Precipitation 1 

The site sits within the Pasco Basin, characterized as a semi-arid region because of its low annual 2 

precipitation levels.  The basin receives 16 cm (6.3 inches) of annual average precipitation, with nearly 3 

half occurring in the winter months.  Historical records indicate that the annual precipitation has varied 4 

from a low of 8 cm (3.1 inches) to a high of 30 cm (11.8 inches).  Precipitation of 4 cm (1.56 inches) in 5 

24 hours reportedly can be expected to occur once every 25 years.  However, based on the Hanford Site 6 

Climatological Data Summary 2001, a value of 1.28 inches was used for the 24-hour, 25-year 7 

precipitation in the IDF Phase I Critical Systems stormwater design analysis (see Appendix C.9).  Total 8 

annual snowfall has varied from 0.8 cm to 110 cm (0.31 to 43.3 inches), with an average annual snowfall 9 

of 34 cm (24.4 inches). 10 

 Temperature 11 

Temperature conditions for the site range from extremely cold during the winter months to extremely 12 

warm during the summer months.  Local temperatures can reach -18 degrees C (0 degrees F) during some 13 

winter months.  January is the coldest month, with an average temperature of -2 degrees C (29 degrees F).  14 

The lowest temperature ever recorded was -33 degrees C (-27 degrees F).  During some summer months, 15 

daytime temperatures can exceed 40 degrees C (104 degrees F).  July is the warmest month, with daily 16 

high and low temperatures averaging 33 and 25 degrees C (92 and 61 degrees F), respectively.  The 17 

highest temperature ever recorded was 46 degrees C (115 degrees F). 18 

 Wind 19 

Wind conditions can vary considerably throughout the year.  The monthly average is about 20 

10 kilometers/hour (6 miles/hour) during the winter and 15 kilometers/hour (9 miles/hour) during the 21 

summer.  Wind speeds, especially during summer storm activity, can reach many times the average 22 

levels.  The greatest peak gust was 130 kilometers/hour (81 miles/hour), recorded at 15 meters (50 feet) 23 

above the ground at the HMS. 24 

 Relative Humidity 25 

The seasonal variation in the relative humidity is considerable, according to records of the HMS.  The 26 

annual mean relative humidity recorded at HMS is approximately 54 percent, with the highest monthly 27 

average relative humidity (80 percent) occurring in December and the lowest monthly average relative 28 

humidity (32 percent) occurring in July.  Daily relative humidity can change 20 to 30 percent between 29 

early morning and late afternoon, except in the winter months when changes are less pronounced. 30 

 Ecology 31 

The following paragraphs briefly describe the ecology of the Hanford Site and are prepared from 32 

information in the ILAW Preliminary Closure Plan for the Disposal Facility (RPP-6911).  The site 33 

consists of undeveloped land and is characterized as a shrub-steppe environment.  This environment 34 

contains numerous plants and animal species, adapted to the regions semi-arid climate.  Because of the 35 

aridity and low water-holding capacity of the soils, the productivity of both plants and animals is 36 

relatively low.  The IDF site exhibits many of these same general characteristics, although to varying 37 

degrees. 38 

 Flora 39 

The dominant plants on the Hanford Site are big sagebrush, rabbitbrush, cheatgrass, Russian thistle, and 40 

Sandberg's bluegrass, with cheatgrass providing half of the plant cover.  Root penetration to depths of 41 

over 3 m has not been demonstrated in the 200 Areas.  Rabbitbrush roots have been found only at a depth 42 

of 2.4 m (8 feet) near the 200 Areas. 43 
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 Fauna 1 

A variety of birds and mammals inhabit the Hanford Site.  The most abundant nesting birds of the 2 

shrub-steppe at the site are the horned lark and western meadowlark.  Significant populations of chukar 3 

and grey partridge inhabit the Hanford Site.  The most abundant mammals at the site are mice, ground 4 

squirrels, gophers, voles, and cottontail rabbits.  Larger animals include mule deer and elk.  The coyote is 5 

the principal mammalian predator on the Hanford Site. 6 

 Geology 7 

 Regional Geology 8 

The 200 East Area lies on the Cold Creek bar, a geomorphic remnant of the cataclysmic, glacial related 9 

floods of the Pleistocene Epoch.  As the floodwaters raced across the lowlands of the Pasco Basin and 10 

Hanford Site, floodwaters lost energy and began to deposit sand and gravel.  The 200 Area Plateau is one 11 

of the most prominent deposits.  The 200 Area Plateau lies just southwest of one of the major flood 12 

channels across the Hanford Site that forms the topographic lowland south of Gable Mountain. 13 

Borehole data provide the principal source of geologic, hydrologic, and groundwater information for the 14 

200 East Area and the IDF site.  Numerous boreholes (both vadose zone boreholes and groundwater 15 

monitoring wells) have been drilled in the 200 East Area for groundwater monitoring and waste 16 

management studies (Figure 3-1 shows the location of groundwater wells near the IDF site).  However, 17 

data are limited within the IDF site, primarily because no previous construction or waste disposal 18 

activities have occurred in this part of the HF.  Most boreholes in the 200 East area have been drilled 19 

using the cable tool method and either a hard tool or drive barrel to advance the hole.  Some boreholes 20 

have been drilled by rotary and wire-line coring methods.  More recently, boreholes in the area have been 21 

drilled, and in five cases cored, by percussion hammer methods.  Geologic logs are based on examination 22 

of drill core, chips, and cuttings from these boreholes.  Chip samples typically are taken at 1.5-meter 23 

(4.92 feet) intervals and routinely archived at the Hanford Geotechnical Sample Library. 24 

 Site Geology 25 

The IDF site will be located south of the Gable Mountain segment of the Umtanum Ridge anticline and 26 

about 3 kilometers (1.86 miles) north of the axis of the Cold Creek syncline, that controls the structural 27 

grain of the basalt bedrock and the Ringold Formation.  The basalt surface and Ringold Formation trend 28 

roughly southeast-northwest parallel to the major geologic structures of the site.  As a result, the Ringold 29 

Formation and the underlying Columbia River Basalt Group gently dip to the south off the Umtanum 30 

Ridge anticline into the Cold Creek syncline. 31 

Geologic mapping on the Hanford Site and examination of drill core and borehole cuttings in the area 32 

have not identified any faults in the vicinity of the IDF site (DOE/RW-0164).  The closest known faults 33 

are along the Umtanum Ridge-Gable Mountain structure, north of the disposal site and the May Junction 34 

Fault east of the site (Figure 3-2). 35 

3.4.2.1 Stratigraphy 36 

The basalt and post-basalt stratigraphy for the IDF site is shown in Figure 3-3.  Approximately 137 to 37 

167 meters (449 to 548 feet) of suprabasalt sediments overlie the basalt bedrock at the site. 38 

Basalt Bedrock.  Previous studies (RHO-BWI-ST-14; Reidel and Fecht, 1994) have shown that the 39 

youngest lava flows of the Columbia River Basalt Group at the 200 East Area are those of the 40 

10.5 million-year old Elephant Mountain Member.  This member underlies the entire 200 East area and 41 

surrounding area, and forms the base of the suprabasalt aquifer.  No erosional windows in the basalt are 42 

known or suspected to occur in the area of the IDF site. 43 
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Ringold Formation.  Few boreholes penetrate the entire Ringold Formation at the IDF site, so available 1 

data are limited.  The Ringold Formation reaches a maximum thickness of 95 meters (312 feet) on the 2 

west side of the site and thins eastward.  The member of Wooded Island (Figure 3-3) is the only member 3 

of the Ringold Formation in the 200 East Area.  The deepest Ringold Formation unit encountered is the 4 

lower gravel, unit A.  Lying above unit A is the lower mud, and overlying the lower mud is an upper 5 

gravel, unit E.  The sand and silt units of the members of Taylor Flat and Savage Island of the Ringold 6 

Formation are not present at the IDF site.  Unit A and unit E are equivalent to the Pliocene-Miocene 7 

continental conglomerates (Reidel and Fecht, 1994).  The lower mud is equivalent to the 8 

Pliocene-Miocene continental sand, silt, and clay beds (Reidel and Fecht, 1994). 9 

Only three boreholes have penetrated unit A in the area of the IDF site.  Unit A is 19 meters (62 feet) 10 

thick on the west side of the site and thins to the northeast.  Unit A is partly to well-cemented 11 

conglomerate consisting of both felsic and basaltic clasts in a sandy matrix and is interpreted as fluvial 12 

gravel facies (Lindsey, 1996).  There are minor beds of yellow to white interbedded sand and silt.  13 

Green-colored, reduced-iron stain is present on some grains and pebbles.  Although the entire unit appears 14 

to be cemented, the zone produced abundant high-quality water in borehole 299-E17-21 (PNNL-11957, 15 

1998). 16 

Nineteen meters (62 feet) of the lower mud unit were encountered in one borehole at the IDF site 17 

(PNNL-11957, 1998).  The uppermost one-meter or so consists of a yellow mud to sandy mud.  The 18 

yellow mud grades downward into about 10 meters (33 feet) of blue mud.  The blue mud, in turn, grades 19 

down into seven meters (23 feet) of brown mud with organic rich zones and occasional wood fragments.  20 

The lower mud unit is absent in the center of the site (northeast of borehole 299-E24-7 on Figure 3-4). 21 

Unit E is described as a sandy gravel to gravelly sand.  Unit E is interpreted to consist of as much as 22 

15 meters (49 feet) of conglomerate, with scattered large pebbles and cobbles up to 25 centimeters 23 

(9.84 inches) in size in a sandy matrix.  The gravel consists of both felsic and basaltic rocks that are well 24 

rounded, with a sand matrix supporting the cobbles and pebbles.  Cementation of this unit ranges from 25 

slight to moderate.  The upper contact of unit E is not identified easily at the IDF site.  In the western part 26 

of the study area, unconsolidated gravels of the Hanford formation directly overly the Ringold Formation 27 

unit E gravels, making exact placement of the contact difficult.  The dominance of basalt and the absence 28 

of cementation in the Hanford formation are the key criteria used to distinguishing these 29 

(PNNL-11957, 1998).  In the central and northeast part of the area, unit E has been eroded completely.  30 

Unconsolidated gravels and sands typical of the Hanford formation replace unit E. 31 

Unconformity at the Top of the Ringold Formation.  The surface of the Ringold Formation is irregular 32 

in the area of the IDF site.  A northwest-southeast trending erosional channel or trough is centered 33 

through the northeast portion of the site.  The trough is deepest near borehole 299-E24-21 in the northern 34 

part of the site (PNNL-13652, 2001).  This trough is interpreted as part of a larger trough under the 35 

200 East Area, resulting from scouring by the Missoula floods. 36 

Hanford formation.  The Hanford formation is as much as 116 meters (381 feet) thick in and around the 37 

IDF site.  The Hanford formation thickens in the erosional channel cut into the Ringold Formation and 38 

thins to the southwest along the margin of the channel.  39 

At the IDF site, the Hanford formation consists mainly of sand dominated facies and less amounts of silt 40 

dominated and gravel dominated facies.  The Hanford formation has been described as poorly sorted 41 

pebble to boulder gravel and fine- to coarse-grained sand, with lesser amounts of interstitial and 42 

interbedded silt and clay.  In previous studies of the site (WHC-MR-0391, 1991), the Hanford formation 43 

was described as consisting of three units: an upper and lower gravel facies and a sand facies between the 44 

two gravelly units.  The upper gravel dominated facies appears to be thin or absent in the immediate area 45 

of the IDF site (PNNL-12257, 1999; PNNL-13652, 2001; PNNL-14029, 2002). 46 
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The lowermost part of the Hanford formation encountered in boreholes at the IDF site consists of the 1 

gravel-dominated facies.  Drill core and cuttings from boreholes 299-E17-21, 299-E17-22, 299-E17-23, 2 

299-E17-25, and 299-E24-21 indicate that the unit is a clast-supported pebble- to cobble-gravel with 3 

minor amounts of sand in the matrix.  The cobbles and pebbles almost are exclusively basalt, with no 4 

cementation.  This unit pinches out west of the IDF site and thickens to the east and northeast 5 

(Figure 3-4).  The water table beneath the IDF site is located in the lower gravel unit.  The lower gravel 6 

unit is interpreted to be Missoula flood gravels, deposited in the erosional channel carved into the 7 

underlying Ringold Formation. 8 

The upper portion of the Hanford formation consists of at least 73 meters (240 feet) of 9 

fine-to coarse-grained sand, with minor amounts of silt and clay and some gravelly sands. 10 

Holocene Deposits.  Holocene, eolian deposits cover the southern part of the IDF site.  Caliche coatings 11 

on the bottom of pebbles and cobbles in drill cores through this unit are typical of Holocene caliche 12 

development in the Columbia Basin.  The southern part of the IDF site is capped by a stabilized sand 13 

dune.  The eolian unit is composed of fine- to coarse-grained sands with abundant silt, as layers and as 14 

material mixed with the sand. 15 

Clastic Dikes.  A clastic dike was encountered in borehole C3828, adjacent to well 299-E17-25 at the 16 

IDF site.  Clastic dikes also have been observed in excavations surrounding the site (e.g., U.S. Ecology, 17 

the former Grout area, the 216-BC cribs, the Central Landfill, and the Environmental Restoration 18 

Disposal Facility [PNNL, BHI-01103]).  In undisturbed areas such as the IDF site, clastic dikes typically 19 

are not observed because these are covered by wind-blown sediments.  The occurrence of a clastic dike in 20 

borehole C3828 suggests that these probably are present elsewhere in the subsurface at the disposal site. 21 

 Seismology 22 

The IDF will be located in Zone 2B, as identified in the UBC (DOE/RL-91-28).  The analyses in 23 

Sections 5.1 and 5.12 provide additional seismic detail for design of liner and structural systems. 24 

No active faults, or evidence of a fault that has had a displacement during Holocene times, have been 25 

found on the Hanford Site (DOE/RL-91-28).  The youngest faults recognized on the Hanford Site occur 26 

on Gable Mountain, over 4.5 kilometers (2.78 miles) north of the 200 East Area.  These faults are 27 

Quaternary of age and are considered 'capable' by the Nuclear Regulatory Commission (DOE/RL-91-28). 28 

 Hydrology 29 

The following paragraphs briefly describe the known hydrology conditions of the Hanford Site and most 30 

specifically the 200 Area Plateau where the IDF site is located.  These are prepared from information in 31 

the ILAW Preliminary Closure Plan for the Disposal Facility (RPP-6911). 32 

 Surface Water 33 

The IDF site is within the 200 East area, which is on a plateau above the Columbia River.  The Columbia 34 

River runs generally to the east and swings around the site, lying about 8 miles northwest and northeast of 35 

the 200 East area.  The project area is significantly higher than the Columbia River and is not in the 36 

riverôs floodplain. 37 

The soils in the project area are sandy with high rates of infiltration.  Most of the precipitation falling on 38 

the site infiltrates into the ground, and there are no significant long-term surface water features in the 39 

project area. 40 
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 Groundwater 1 

The geologic structure of the 200 East area is composed of multiple layers of sediments that range from 2 

sand, silt, volcanic ash, and clay to coarse gravels, cobbles, and conglomerates that overlay thick layers of 3 

basaltic lava.  An unconfined aquifer exists in the lower part of the sedimentary sequence, overlaying the 4 

uppermost basalt layer.  This relatively thin aquifer intercepts infiltration from the unsaturated zone above 5 

it.  The aquifer under the IDF site is approximately 90 to 100 meters (300 to 330 feet) below the ground 6 

surface.  Therefore, the groundwater table is well below the proposed bottom of the excavation for the 7 

IDF and is not expected to influence the facility.  The recharge of water into the ground at the IDF site is 8 

expected to be small.  This condition results primarily from the low levels of annual precipitation that 9 

occur in the region of the IDF as well as the rest of the Hanford Site.  A more detailed description of 10 

groundwater beneath the IDF, developed from various site explorations performed in the site area, is 11 

presented below. 12 

The unconfined aquifer under the IDF site occurs in the fluvial gravels of the Ringold Formation and 13 

flood deposits of the Hanford formation.  The thickness of the aquifer ranges from about 70 meters 14 

(230 feet) at the southwest corner of the site to about 30 meters (98 feet) under the northeast corner of the 15 

IDF site.  The Elephant Mountain Member of the Columbia River Basalt Group forms the base of the 16 

unconfined aquifer (Figure 3-3). 17 

The unsaturated zone beneath the land surface at the IDF site is approximately 100 meters (328 feet) thick 18 

and consists of the Hanford formation.  The water level in boreholes in and around the site indicates that 19 

the water table is in the lower gravel sequence of the Hanford formation and at an elevation of 20 

approximately 123 meters (404 feet) above sea level.  The water table is nearly flat beneath the IDF site.  21 

Table 3-1 gives water level information from wells near the site.  The locations of the wells are shown on 22 

Figure 3-1.  The latest water table map shows less than about 0.1 meter (3.94 inches) of hydraulic head 23 

across the IDF site (PNNL-13404, 2001). 24 

The Ringold Formation lower mud unit occurs within the aquifer at the southwest corner of the IDF site 25 

(299-E17-21) but is absent in the central and northern parts of the site (299-E24-7 and 299-E24-21).  The 26 

lower mud unit is known to be a confining or partly confining layer at places under the Hanford Site 27 

(PNNL-12261, 2000), and this might be the case under the southwest corner of the IDF site.  28 

Groundwater samples were collected and analyzed from above and below the lower mud unit during 29 

drilling of well 299-E17-21.  Chemical parameters (pH, electrical conductivity, and Eh) were different in 30 

the two samples, suggesting that the lower mud is at least partly confining in the area.  No contamination 31 

was found above or below the lower mud.  An interpretation of the distribution and thickness of this 32 

stratum is shown in Figure 3-4.  The surface of the lower mud unit is interpreted to dip gently to the 33 

southwest (PNNL-13652, 2001). 34 

Hydrographs for selected wells near the IDF site are shown in Figures 3-5 and 3-6.  Hydrographs for the 35 

older wells (299-E23-1, 299-E23-2, and 299-E24-7) show two maxima in the water level.  These coincide 36 

with the operation of the PUREX Plant that operated between 1956 and 1972 and between 1983 and 37 

1988.  All the hydrographs show a decline in the water table during recent years.  The rate of decline is 38 

between 0.18 and 0.22 meters (7.08 and 8.66 inches)/year and will take between 10 and 30 years to 39 

stabilize.  The reason for the decline is the cessation of effluent discharge to the PUREX Plant and to the 40 

216-B Pond System, centered northeast of 200 East area.  Based on hindcast water table maps 41 

(PNNL, BNWL-B-360), the water table is expected to decline another 2 to 7 meters (7 to 23 feet) before 42 

reaching pre-Hanford Site elevations.  The cessations of effluent discharge also are responsible for 43 

changing the direction of groundwater flow across much of the 200 East area. 44 

Groundwater flow beneath the IDF site recently was modeled to be southeasterly (PNNL-13400, 2000).  45 

This direction differs from the easterly direction, predicted by the analysis of WHC-SD-WM-RPT-241 46 

and other earlier reports.  The southeasterly flow direction primarily is attributable to inclusion of the 47 

highly permeable Hanford formation sediments in the ancestral Columbia River/Missoula flood channel 48 
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in the analysis.  A southeasterly flow direction is reflected in the geographic distribution of the regional 1 

nitrate and tritium plumes in the south-central 200 East area (Figure 3-7) (PNNL-13788, 2002.).  As 2 

stated in PNNL-13404 (2001), the water table gradient is too low to be used for determining flow 3 

direction or flow rate at the PUREX Plant cribs, immediately east of the IDF site.  4 

Hydraulic conductivity directly beneath the IDF site was estimated from data collected during four slug 5 

tests at well 299-E17-21 and five slug tests of 299-E24-21.  The interval tested at 299-E17-21 was the 6 

upper 7.8 meters (26 feet) of the unconfined aquifer from 101.3 to 109.1 meters (332 to 358 feet) depth.  7 

That portion of the aquifer is Hanford formation gravel, from 101.3 to 102.1 meters (332 to 335 feet) 8 

depth, and Ringold Formation unit E gravels, from 102.1 to 109.1 meters (335 to 358 feet) depth 9 

(PNNL-12257, 1999).  The interval tested at well 299-E24-21 was entirely in the Hanford formation 10 

gravel sequence between 95.2 and 101.3 meters (312 and 332 feet) depth.  The best-fit value to the data 11 

from 299-E17-21 indicated a hydraulic conductivity of about 68.6 meters (225 feet) per day 12 

(PNNL-12257, 1999), and that from 299-E24-21 suggested a hydraulic conductivity of 75 meters 13 

(246 feet) per day (PNNL-13652, 2001). 14 

 15 

Table 3-1  Water Levels in Groundwater Wells in the Vicinity 
of the Integrated Disposal Facility Site 

Well Measure Date DTW ma WT elev mb Ref elev mc 

299-E13-10 3/14/02 101.7 122.5 226.31 

299-E17-12 3/14/02 100.0 121.1 221.09 

299-E17-13 4/12/01 97.7 122.6 220.34 

299-E17-17 4/12/99 97.8 122.8 220.54 

299-E17-18 10/3/02 98.5 122.3 220.76 

299-E17-20 4/9/97 97.1 123.2 220.33 

299-E17-21 4/23/98 100.4 122.7 224.26 

299-E17-22 5/20/02 98.1 122.5 220.59 

299-E17-23 5/20/02 101.6 122.2 223.84 

299-E17-25 5/21/02 98.3 126.7 225.03 

299-E18-1 3/14/02 98.2 122.4 220.65 

299-E18-3 6/27/96 97.8 123.4 221.20 

299-E18-4 6/27/96 97.7 123.4 221.05 

299-E19-1 3/22/88 100.4 124.9 225.26 

299-E23-1 3/14/02 96.0 122.4 218.39 

299-E23-2 12/20/94 97.2 123.5 220.77 

299-E24-4 8/10/98 90.6 122.9 213.47 

299-E24-7 6/11/97 96.2 123.2 219.34 

299-E24-16 10/4/02 97.7 122.3 220.02 

299-E24-17 4/7/97 97.36 122.9 220.16 

299-E24-18 10/2/02 98.0 122.3 220.35 

299-E24-21 3/22/01 95.4 122.6 217.85 

a  DTW = Depth to Water. 

b  WT elev = Elevation of Water Table (meters above mean sea level). 

c  Ref elev = Reference Elevation (meters above mean sea level, North American 

Vertical Datam 88 reference), generally top of well casing. 
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Figure 3-1  Location of the Integrated Disposal Facility and Nearby Boreholes 1 

2 
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Figure 3-2  Geologic Map of the 200 East and 200 West Areas and Vicinity 1 

2 
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Figure 3-3  Stratigraphy of the Hanford Site 1 

2 



 WA7890008967 

 Integrated Disposal Facility 

Appendix 4A.1.35 

Figure 3-4  Cross-Section through the Integrated Disposal Facility Site 1 

(Refer to Figure 3-1 for Boring Exploration Locations) 2 

3 
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Figure 3-5  Hydrographs for Wells near the Integrated Disposal Facility Site (1 and 2 of 3) 1 
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Figure 3-6  Hydrographs for Wells near the Integrated Disposal Facility Site (3 of 3) 1 
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Figure 3-7  Contaminant Plume Map for the 200 East Area  1 




















































































































































































