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Terms

as low as reasonably achievable

U.S. Department of Energy, Richland Operations Office
data quality objective

Washington State Department of Ecology

failure mode effects analysis

global positioning system

human health and environment

light detection and ranging

Plutonium-Uranium Extraction (Plant)

Resource Conservation and Recovery Act of 1976

surveillance and maintenance
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1 PUREX Tunnel Background

The tunnel background information presented in this section was drawn from historical documents,
drawings, and photographs.

1.1 PUREX Tunnel 1

The Plutonium-Uranium Extraction (PUREX) Storage Tunnel 1 is permitted as a miscellaneous unit
under WAC 173-303-680, “Dangerous Waste Regulations,” “Miscellaneous Units.” It is used to store
mixed waste from the PUREX Plant and other onsite sources. Tunnel 1 is isolated from the railroad
tunnel by a water-fillable shielding door. In general, the mixed waste stored in the tunnel is encased or
contained in carbon or stainless steel plate, pipe, or vessels for shielding and to facilitate placement of the
waste on railcars and ultimate storage inside the tunnel. The exterior of each tunnel is inspected annually
via a visual perimeter walkdown to ensure the fences and warning signs are present and in good
condition, and to identify any obvious changes to the tunnel overburden condition. No interior inspections
of the tunnels are performed. No other external or internal surveillance visuals, surveys, or controls are
required at this time. However, a Tunnel 1 storage area partial collapse was discovered on May 9, 2017.

The storage area extends south from the water-fillable door and has inside dimensions of 109 m (358 ft)
long, 6.7 m (22 ft) high, and 5.9 m (19.3 ft) wide. The ceiling and walls are 35.6 cm (14 in.) thick,
constructed of 30.5 by 35.6 cm (12 by 14 in.) creosote pressure-treated Douglas fir timbers arranged side
by side. The first 30.5 m (100 ft) of the east wall is constructed of 0.9 m (3 ft) thick reinforced concrete.
A 40.8 kg/m? (8.4 Ib/ft?) mineral surface roofing material covered the exterior surface of the treated
timber roof beams and walls before placing 2.4 m (8 ft) of overburden on the storage area as protection
from the elements and as shielding. The timbers forming the walls rest on reinforced concrete footings
0.9 m (3 ft) wide by 0.3 m (1 ft) thick. The floor consists of a railroad track laid on a gravel bed, with the
space between the ties filled with gravel ballast. The tracks slope 1% downgrade to the south end of the
tunnel. A railcar bumper is 2.4 m (8 ft) from the end of the tracks to act as a stop. Tunnel 1 is filled to
capacity with eight 12.8 m (42 ft) long railcars.

Tunnel 1 was constructed in 1956 and had structural integrity evaluations in 1971, 1978, 1980, and 1991
that found it to be structurally sound, but the load-bearing capacity of the treated timbers has decreased
since 1956. The 1991 evaluation summarized the past study results and recommended additional study in
2001, which was not conducted. Tunnel 1 instability could compromise its protection of the tunnel
contents and human health and the environment (HHE), require facility surveillance and maintenance
(S&M) updates, limit Resource Conservation and Recovery Act of 1976 (RCRA) closure options, and
accelerate closure activities. The primary concerns for Tunnel 1 are as follows:

1. The timbers and roofing materials used to construct Tunnel 1 surpassed their 50-year life expectancy
in 2006.

2. The treated timbers continue to be susceptible to damage from radiation-induced decay and moisture-
related decay (fungus, mildew, and mold causing wood rot), although fungus, mildew, etc., have not
been documented.

3. Tunnel 1 timbers have weakened, compared to their initial capacity, based on structural evaluations
(RHO-CD-1076, Structural Evaluation of the PUREX No. 1 Burial Tunnel; LATA, 1991,
An Evaluation of the Structural Integrity of the PUREX Storage Tunnel #1).

4. A portion of the tunnel (6 by 6 m [20 by 20 ft]) collapsed in an area roughly 12.8 m (41.9 ft) south of
the door and was discovered on May 9, 2017.


http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303-680
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Based on the partial tunnel collapse, past study findings, Tri-Party concerns, and readily available
information, a structural evaluation of Tunnel 1 is needed to establish its present stability, timber strength
(structural integrity), and to determine the failure risk for the remainder of the storage area. The study
results will support tunnel decisions and activities, including the following:

e S&M method-activity requirements
e Stored waste and HHE protection
e Present timber strength (structural integrity) and failure risk

e Present condition failure mode effects analysis (FMEA) model to evaluate tunnel responses to
structural degradation and potentially damaging events (e.g., earthquakes, major rain events, heavy
snowfall)

Additional Tunnel 1 information in the appendices and attachments for this report include the following:

e Appendix A, “PUREX Tunnel 1 Data Quality Objectives, Draft A” (May 31, 2017), including
revisions per Washington State Department of Ecology (Ecology) comments on the February 27,
2017 Draft

— Attachment 1, RHO-CD-1076, 1980, Structural Evaluation of the PUREX No. 1 Burial Tunnel,
Rockwell Hanford Operations, Richland, Washington

— Attachment 2, LATA, 1991, An Evaluation of the Structural Integrity of the PUREX Storage
Tunnel #1, Los Alamos Technical Associates for Westinghouse Hanford Company, Richland,
Washington

— Attachment 3, Photographic Timeline of the PUREX Storage Tunnels

— Attachment 4, CHPRC-03241, 2017, PUREX Burial Tunnels, CH2M HILL Plateau Remediation
Company, Richland, Washington

1.2 PUREX Tunnel 2

PUREX Storage Tunnel 2 is permitted as a miscellaneous unit under WAC 173-303-680. It is used to
store mixed waste from the PUREX Plant and other onsite sources. Tunnel 2 is isolated from the railroad
tunnel by a water-fillable shielding door. In general, the mixed waste stored in the tunnel is encased or
contained in carbon or stainless steel plate, pipe, or vessels for shielding and to facilitate placement of the
waste on railcars and ultimate storage inside the tunnel. The exterior of each tunnel is inspected annually
via a visual perimeter walkdown to ensure the fences and warning signs are present and in good
condition, and to identify any obvious changes to the tunnel overburden condition. No interior inspections
of the tunnels are performed. No other external or internal surveillance visuals, surveys, or controls are
required at this time.

The storage area is 514.5 m (1,688 ft) long, 7.9 m (25.9 ft) high, and 10.4 m (34.1 ft) wide. Because of the
arch-shaped cross-section of this tunnel and the entry clearance at the water-fillable door, the height and
width of Tunnel 2 are not the same as Tunnel 1. The storage area includes a 10.4 m (34.1 ft) diameter,
corrugated steel sheet (0.5 cm [0.18 in.]), semicircular roof that is supported by internal 1-beams attached
to external, reinforced concrete whale arches on 4.8 m (16 ft) centers. The concrete whale arches are

0.4 m (1.3 ft) thick and vary in width from 0.4 to 1.8 m (1.3 to 5.9 ft). The base on each side of the roof
structure is composed of reinforced concrete beams that are about 1.8 m (5.9 ft) wide by 1.2 m (4 ft) thick
and run the full length of the tunnel. The interior and exterior surfaces of the steel roof are coated with a


http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303-680
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bituminous compound to inhibit corrosion, but have no cathodic protection. The floor consists of a
railroad track laid on a gravel bed, with the space between the ties filled with gravel ballast. From the
ends of the 2.4 m (8 ft) railroad ties, the earth floor slopes upward to a height of about 1.8 m (5.9 ft)
above the railroad bed to the base of the sidewalls. The tracks have a 1% downgrade toward the south end
of the tunnel to ensure the railcars remain in their storage positions. A railcar bumper is 2.4 m (8 ft) from
the end of the tracks to act as a stop. The storage area is covered with 2.4 m (8 ft) of overburden as
protection from the weather and as shielding. The capacity of the storage area is 38 to 40 railcars (each
12.8 m (42 ft] long). As of June 1996, Tunnel 2 contained 28 railcars (70% full).

Tunnel 2 construction began in early 1963 and was completed in late 1964. In January 1964, backfilling
was halted when 75 linear feet of the tunnel structurally collapsed, and in the next 3 months a second,
similar collapse occurred. Engineering evaluated legacy photos (Appendix B, Attachment 3, p. 6) and
documents and concluded these collapses were due to a combination of weld failures, the backfilling
procedure, and inadequate structural support. Between March and July 1964 efforts to “redesign” the
structural supports of Tunnel 2 and modify the backfilling procedure were implemented. In the spring of
1964, efforts were focused on excavating all sections of tunnel that had been covered, installing internal
I-beams along the longitudinal axis of the tunnel, installing reinforced concrete footings, and adding about
106 rib sections (whale arches) that were tied into the internal I-beams. All exposed steel surfaces were
coated with a coal-tar-based bituminous solvent (per Military Specification (MIL)-C-18480) to prevent
corrosion from moisture.

The primary concerns for Tunnel 2 are that the materials used to construct it surpassed their 50-year life
expectancy in 2014, and its steel and concrete components continue to be susceptible to structural damage
through exposure to radiation, moisture from condensation or precipitation, electrochemical corrosion,
metal surface coating breakdown, dissimilar metal reactions, anchor rod corrosion, concrete weathering or
cracking, and alkali-silica reactions. Tunnel 2 instability could compromise its content, HHE protection,
require facility S&M updates, limit RCRA closure options, and accelerate closure activities.

Based on past study findings, Tri-Party concerns, and readily available information, a structural
evaluation of Tunnel 2 is needed to establish if its structural integrity has become compromised and
determine its structural strength and failure risk. The study results will support tunnel decisions and
activities, including the following:

S&M method-activity requirements

Stored waste and HHE protectiveness

Present structural strength (capacity) and failure risk

Present condition FMEA model to evaluate tunnel responses to structural degradation and potentially
damaging events (e.g., earthquakes, major thunderstorms, heavy snowfall)

Additional Tunnel 2 information in the appendices and attachments for this report include the following:

e Appendix B, “PUREX Tunnel 2 Data Quality Objectives, Draft A” (May 31, 2017), including
revisions per Ecology comments on the February 27, 2017 Draft

— Attachment 1, HWS-8262, 1962, Specifications for PUREX Equipment Disposal, General
Electric Company, Richland, Washington

— Attachment 2, Vitro, 1964, EQUIPMENT DISPOSAL TUNNEL PUREX FACILITY
INSPECTION REPORT, Vitro Engineering Company, Richland, Washington
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— Attachment 3, Photographic Timeline of the PUREX Storage Tunnels

— Attachment 4, CHPRC-03241, 20107, PUREX Burial Tunnels, CH2M HILL Plateau
Remediation Company, Richland, Washington

2 Data Quality Objectives Methodology

The PUREX Tunnel 1 and 2 data quality objectives (DQOs) effort followed EPA/240/B-06/001,
Guidance on Systematic Planning Using the Data Quality Objectives Process, and
PRC-PRO-SMP-53095, Data Quality Objectives Planning Process. The tunnels were evaluated and
pertinent data and information were documented in Data Quality Objectives Information Summaries
(form A-6006-889 [REV 1]) for the seven DQO steps:

e Step 1: State the Problem

e Step 2: Identify the Goals of the Study

e Step 3: Identify Information Inputs

o Step 4: Define the Boundaries of the Study

e Step 5: Develop the Analytical Approach

e Step 6: Specify Performance or Acceptance Criteria
e Step 7: Develop Plan for Obtaining the Data

The CHPRC process was a modified external planning process, which included preparing a Draft A DQO
Information Summary to document the seven-step DQO process with early draft DQO Information
Summary briefings and reviews by the U.S. Department of Energy, Richland Operations Office
(DOE-RL) and Ecology. To complete the seven-step DQO process, the following tasks were conducted:

e Ten CHPRC technical team meetings and multiple draft DQO Information Summary reviews from
June 2016 to February 2017

e Three DOE-RL briefings and DQO Information Summary review-comment efforts from
December 2016 to April 2017

e Two Ecology briefings (December 2016 and April 2017) and one DQO Information Summary
review-comment effort

3 PUREX Tunnel Data Collection Recommendations

The data collection options presented in this section were based on reviewing the historical documents,
drawings, photographs, and discussions among the DQO team while completing the DQO process.

3.1 PUREX Tunnel 1

The sampling approach and other DQO options for Tunnel 1 include the following:

Data Collection Options (external): Carefully remove the overburden from previous roof sample sites to
collect 4 in. diameter coupons from the roof timbers and analyze their strength (similar to 1980 and
1991). Carefully remove the overburden from locations where critical timber density measurements can
be collected with a resistance drill (timber roof to concrete wall top, timber wall to timber roof, and
timber wall to concrete footings). It is anticipated that the overburden removal could allow access to
multiple timbers at each site, and the data collected would be representative of the wall and roof timbers
for entire Tunnel 1 structure.
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Data Collection Options (internal): No human entry for internal Tunnel 1 data collection options should
be seriously considered due to the May 9, 2017 partial roof collapse, structural instability, constricted
walkways along the length of the tunnel, lack of readily available access points for personnel or
equipment, and health and safety access restrictions.

Enhanced Surveillance Data Collection (external): Enhanced Tunnel 1 surveillance using light
detection and ranging (LIDAR) and global positioning system (GPS) technologies would build on the
existing overburden surface baseline (two previous surveys) that could be reevaluated at regular intervals
(e.g., monthly, quarterly, or annually) to identify indications of structural failure (e.g., >5 cm overburden
subsidence over a >2 m? area). These data could be collected using stationary, satellite, or drone-
helicopter flyovers that would allow digital analyses of the entire Tunnel 1 surface (top and sides) for
indications of structural failure (e.g., overburden subsidence).

3.2 PUREX Tunnel 2
The sampling approach and other DQO options for Tunnel 2 include the following:

Data Collection Options (external): Collecting Tunnel 2 corrugated steel samples for destructive assay
could accelerate corrosion and decomposition of the steel. Removal of the overburden in an effort to
collect samples of the corrugated steel could cause local instability and locally compromise the
effectiveness of the corrugated steel and its coating. Also, limited external visual inspections would not
provide sufficient information to support the structural integrity and failure risk evaluations required.

Because they are external to the storage space and several feet from the corrugated steel and its coating,
overburden excavation to visually inspect the concrete whale arches and their footings would be
appropriate for Tunnel 2.

Data Collection Options (internal): A Tunnel 2 internal inspection approach should be seriously
considered due to the limitations identified for the external approach, the 70% full status of the tunnel
(ease of movement), and available access points through the roof risers. There are 17 risers spaced every
96 ft along the north-south axis of the tunnel. The effective riser diameter is 15 % in. with 36 in. diameter
welded-closed manhole covers currently in place. Contingent on tunnel access safety restrictions via the
risers, internal structural component visual inspections of the steel, steel coating, concrete wall
foundation, welds, mechanical fasteners, etc., could be conducted via worker entry, remote control
cameras, or a combination of these methods to collect photos and videos that represent the entire internal
structure of the tunnel.

Worker access, if allowed, would follow as low as reasonably achievable (ALARA) principles by being
limited to the tunnel door area to maximize their distance from the stored waste and could be for limited
periods to minimize potential dose. Shielding would be considered. Worker entry would allow testing the
structural components (e.g., weld strength, corrosion extent and depth, I-beam fastener integrity, and
corrugated steel stability). This would provide better quality data and information for the tunnel structural
integrity and failure risk evaluations planned.

Enhanced Surveillance Data Collection (external): Enhanced Tunnel 2 surveillance using LIDAR and
GPS technologies would build on the existing overburden surface baseline (two previous surveys) that
could be reevaluated at regular intervals (e.g., monthly, quarterly, or annually) to identify indications of
structural failure (e.g., >5 cm overburden subsidence over a >2 m? area). These data could be collected
using stationary, satellite, or drone-helicopter flyovers that would allow digital analyses of the entire
Tunnel 2 surface (top and sides) for indications of structural failure (e.g., overburden subsidence).
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Rev DA, Chg. 3 PRC-PRO-SMP-53095

Data Quality Objectives Information Summary
Published Date:  TBD Effective Date: TBD

Appendix A — Systematic Planning Record

Characterization Data Collection Planning Record

NOTE: In cases where the requested information is not applicable, state that, and explain why it is not applicable so that it is clear that a required field
has not been forgotten.

Project Summary

Z;Or{_]e:_t PUREX Tunnel 1 Data Quality Objectives (DRAFT A) Date: 5-31-17
Name of Person Completing . . .
i Roger Ovink/CHPRC Position: DQO Tech. Authority
Record:
Name of Responsible Darin Corriell/CHPRC (Central Plateau S&M)
Manager:

Project Background (Step 1): The following information is summarized from RHO-CD-1076, 1980, Structural
Evaluation of the PUREX No. 1 Burial Tunnel, Rockwell Hanford Operations, Richland, Washington; and LATA, 1991,
An Evaluation of the Structural Integrity of the PUREX Storage Tunnel #1, Los Alamos Technical Associates for
Westinghouse Hanford Company, Richland, Washington. The summary attachments include these reports

(Attachments A and B); CHPRC, 2017, Photographic Timeline of the PUREX Storage Tunnels (Attachment C); a
complete list of references (Attachment D); and CHPRC-03241, Rev. 0, PUREX Burial Tunnels, March 2017
(Attachment E).

PUREX Storage Tunnel 1 is permitted as a miscellaneous unit under WAC 173-303-680, “Dangerous Waste
Regulations,” “Miscellaneous Units.” It is used to store mixed waste from the PUREX Plant and other onsite sources.
Tunnel 1 is isolated from the railroad tunnel by a water-fillable shielding door. In general, the mixed waste stored in the
tunnel is encased or contained in carbon or stainless steel plate, pipe, or vessels for shielding and to facilitate placement
of the waste on railcars and ultimate storage inside the tunnel. The exterior of each tunnel is inspected annually via a
visual perimeter walkdown to ensure the fences and warning signs are present and in good condition, and to identify any
obvious changes to the tunnel overburden condition. No interior inspections of the tunnel are performed, but daily
inspections of the tunnel have been required since the Tunnel 1 partial collapse was discovered on May 9, 2017.

Tunnel 1 was completed in 1956 with a water-fillable door, storage area, and vent shaft described as follows:

e The water-fillable, 1.3 cm (0.5 in.) steel plate door is located at the north end of the tunnel and separates the storage
tunnel from the railroad tunnel. It is 7.5 m (24.6 ft) high, 6.6 m (21.7 ft) wide, and 2.1 m (6.9 ft) thick. The door is
hollow so it can be filled with water to act as a shield when it is in the closed position. If filled with water, the door
must be emptied before it can be raised. Electric hoists for opening and closing the door are located on top of a
reinforced concrete structure that supports the door. After the last car was placed in the tunnel, the door was closed
and filled with water, but the water was subsequently drained because the additional shielding was not required.

e The storage area extending south from the water-fillable door has inside dimensions of 109 m (358 ft) long, 6.7 m
(22 ft) high, and 5.9 m (19.3 ft) wide. The ceiling and walls are 35.6 cm (14 in.) thick, constructed of 30.5 by
35.6 cm (12 by 14 in.) creosote pressure-treated Douglas fir timbers arranged side by side. The first 30.5 m (100 ft)
of the east wall is constructed of 0.9 m (3 ft) thick reinforced concrete. A 40.8 kg/m? (8.4 1b/ft?) mineral surface
roofing material covered the exterior surface of the treated timber roof beams and walls before placing 2.4 m (8 ft)
of overburden on the storage area as protection from the elements and as shielding. The timbers forming the walls
rest on reinforced concrete footings 0.9 m (3 ft) wide by 0.3 m (1 ft) thick. The floor consists of a railroad track laid
on a gravel bed, with the space between the ties filled with gravel ballast. The tracks slope 1% downgrade to the
south end of the tunnel. A railcar bumper is 2.4 m (8 ft) from the end of the tracks to act as a stop. Tunnel 1 is filled
to capacity with eight 12.8 m (42 ft) long railcars.

e There is an exhaust fan connected to a filter and vent shaft at the south end of Tunnel 1. The vent shaft is 0.28 m?
(3 ft?) and about 8 m (27 ft) deep and constructed of reinforced concrete and equipped with an exhaust fan.
The ventilation system was deactivated in 1996, and blanks were installed at both the inlet and outlet of the fan and
high-efficiency particulate air (HEPA) filter unit and abandoned in place. There are also three, 10 cm (4 in.)
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diameter access risers that penetrate the ceiling within the first 55 m (180 ft) of the north end (door) of the tunnel
(over tunnel positions 5, 7, and 8).

Construction of Tunnel 1 differs from Tunnel 2 as follows:

e A combination of steel and reinforced concrete was used in the construction of the storage area for Tunnel 2 rather
than the timbers used in the Tunnel 1 walls and roof.

e Tunnel 2 is longer, with about five times the storage capacity of Tunnel 1.

e The floor of Tunnel 2, outboard of the railroad ties, slopes upward to a height of about 1.8 m (5.9 ft) above the
railroad bed, while the Tunnel 1 floor is flat all the way out to the sidewalls.

Step 1: Planning Type:
(If systematic planning is not required, state the reason)

Modified External DQO Planning (includes Draft A submittal and briefing for the Washington State Department of
Ecology).

Organization, Schedule, and Goal
(State the problem, requirements, schedule, PSQs, and outcomes)

Step 1: State the Problem
(Describe the reason/need for data collection and project goals/objectives)
Tunnel 1 was constructed in 1956 and had structural integrity evaluations in 1971, 1978, 1980, and 1991 that found it to

be structurally sound, but the load-bearing capacity of the treated timbers has decreased since 1956. The 1991 evaluation
summarized the past study results and recommended additional study in 2001, which was not conducted. Tunnel 1
instability could compromise its protection of the tunnel contents and human health and the environment (HHE), require
facility surveillance and maintenance (S&M) updates, limit Resource Conservation and Recovery Act of 1976 (RCRA)
closure options, and accelerate closure activities. The primary concerns for Tunnel 1 are as follows:

1. The timbers and roofing materials used to construct Tunnel 1 surpassed their 50-year life expectancy in 2006.

2. The treated timbers continue to be susceptible to damage from radiation-induced decay and moisture-related decay
(fungus, mildew, and mold causing wood rot), although fungus, mildew, etc., have not been documented.

3. Tunnel 1 timbers have weakened, compared to their initial capacity, based on structural evaluations in
RHO-CD-1076 (1980) and LATA (1991).

4. A collapsed 6 by 6 m (20 by 20 ft) section of the storage area (12.8 m [41.9 ft] south of the door) was discovered on
May 9, 2017.

Based on the partial tunnel collapse, past study findings, Tri-Party concerns, and readily available information, a
structural evaluation of Tunnel 1 is needed to establish its present stability and timber strength (structural integrity), and
to determine the failure risk for the remainder of the storage area. The study results must support tunnel decisions and
activities, including the following:

e S&M method-activity requirements
e Stored waste and HHE protection

e  Present timber strength (structural integrity) and failure risk
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Step 1: State the Problem
(Describe the reason/need for data collection and project goals/objectives)

e Present condition failure mode effects analysis (FMEA) model to evaluate tunnel responses to structural degradation
and potentially damaging events (e.g., earthquakes, major thunderstorms, heavy snowfall).

PSQ 1 |Are the following four key contact PSQ 5 |Will the data gathered to answer
treated timber component-locations PSQs 1-4 be sufficient to evaluate the
adversely affected by radiation or strength and failure risk of Tunnel 1?

moisture (fungus) damage?

e Roof timber to concrete wall
e Roof timber to wall timber

Principal Study e Wall timber to concrete footing
Questions ¢ Roof timber centers (continuation of
Step 2 earlier studies)
(What questions 3 ;
are data needed to| PSQ 2 |Is present Tunnel 1 treated timber PSQ 6 | Will the data gathered to answer
answer?) condition sufficient to continue PSQs 1-4 be sufficient to conduct a
supporting the overburden (2.4 m [8 ft])? FMEA model for Tunnel 1?
PSQ 3 |Is “arching” (overburden soil forming an | PSQ 7 | Are current surveillance practices
arch, via settling, around the structure) sufficient to ensure Tunnel 1
occurring with the Tunnel 1 overburden? protectiveness and structural integrity?
PSQ 4 |Is the 2.4 m (8 ft) overburden still PSQ 8 | Are current maintenance practices
needed to provide radiation shielding for sufficient to ensure Tunnel 1
the Tunnel 1 stored waste? protectiveness and structural integrity?
AA 1A | The four Tunnel 1 key contact treated AA 5A | The data gathered to answer PSQs 1-4
timber locations are adversely affected. will be sufficient to evaluate the capacity

and failure risk of Tunnel 1.
AA 1B | The four Tunnel 1 key contact treated AA 5B | The data gathered to answer PSQs 1-4

timber locations are not adversely will not be sufficient to evaluate the
affected. capacity and failure risk of Tunnel 1.
Define AA 2A |Present Tunnel 1 treated timber AA 6A | The data gathered to answer PSQs 1-4
alternative condition is sufficient to continue will be sufficient to conduct a FMEA
gé‘tti%?]r;‘?ﬁa‘)tr supporting the 2.4 m (8 ft) overburden. model for Tunnel 1.
can occur upon | AA 2B | Present Tunnel 1 treated timber AA 6B | The data gathered to answer PSQs 1-4
answering condition is not sufficient to continue will not be sufficient to conduct a FMEA
PSQs. Step 2 supporting the 2.4 m (8 ft) overburden. model for Tunnel 1.
AA 3A | Arching is occurring with the Tunnel 1 | AA 7A | Current surveillance practices are
overburden. sufficient to ensure Tunnel 1
protectiveness and structural integrity.
AA 3B | Arching is not occurring with the AA 7B | Current surveillance practices are not
Tunnel 1 overburden. sufficient to ensure Tunnel 1

protectiveness and structural integrity.
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AA 4A AA 8A | Current maintenance practices are
sufficient to ensure Tunnel 1

protectiveness and structural integrity.
Current maintenance practices are not
sufficient to ensure Tunnel 1

protectiveness and structural integrity.

The 2.4 m (8 ft) overburden is needed to
provide radiation shielding for the
Tunnel 1 stored waste.

The 2.4 m (8 ft) overburden is not
needed to provide radiation shielding for
the Tunnel 1 stored waste.

AA 4B AA 8B

DS-1: Tunnel 1 treated timber components-locations are/are not adversely affected by radiation or
moisture (fungus) damage.

DS-2: The present Tunnel 1 treated timber condition is/is not sufficient to continue supporting the
overburden (2.4 m [8 ft]).

DS-3: Arching is/is not occurring with the Tunnel 1 overburden.

Identify the DS-4: The 2.4 m (8 ft) overburden is/is not still needed to provide radiation shielding for the
decision Tunnel 1 stored waste.

statements or —— —

estimation DS-5: The data gathered to answer PSQs 1-4 will/will not be sufficient to evaluate the strength

and failure risk of Tunnel 1 treated timbers.

DS-6: The data to answer PSQs 1-4 will/will not be sufficient to conduct a Tunnel 1 FMEA model
to evaluate structural responses to decay and potentially damaging events (e.g., earthquakes, major
thunderstorms, heavy snowfall).

DS-7: The current surveillance practices are/are not sufficient to ensure Tunnel 1 protectiveness
and structural integrity.

DS-8: The current maintenance practices are/are not sufficient to ensure Tunnel 1 protectiveness
and structural integrity.

statements needed
to address the
PSQs. (Step 2)

Data Needs
(Define the spatial and temporal boundaries of the study)

Step 4: Define what constitutes a sampling unit:
All the tunnel areas where treated timbers were used (roof and walls) and the overburden. It will not be possible to
collect samples from Tunnel 1 due to the structural instability of the unit.

Step 4: What is the smallest unit upon which decisions or estimates will be made?

Individual key contact treated timber areas where decay could result in failure (roof timber connections to east concrete
wall, wall timber to roof timber connections, wall timber to concrete footing connections, roof timber centers, and the
overburden).

Data Needs Summary Step 3
(Information inputs to answer PSQs: target population, characteristics of interest, spatial and temporal limits, scale of inference)

Media of Sampling | Sampling Action Number of Practlg:al Analytical Potential
PSQ Data Need : Sampling Data
Interest Location | Approach Level Samples . Approach
Constraints Sources
PSQ 1 | OQuter roof timber | Treated timbers | Near timber Cores and <60% original | 3+ (near Access through | Wood cores: | Field sampling
density centers (earlier | wood density | wood strength | earlier study | overburden; flex test, and visuals
storage area drill; visual for sites) radiation area | density drill | during
study sites) decay (rot) readings sampling
PSQ 1 Outer roof timber | Treated timbers | Roof timber- | Wood density | <60% original |3+ (adjacent | Access through | Density drill | Field sampling
density concrete wall | drill; visual for | wood strength | beams) overburden; field and visuals
interface decay (rot) radiation area | readings during
(outer surface) sampling
Page 4 of 8 A-6006-889 (REV 1)
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Data Needs Summary Step 3

(Information inputs to answer PSQs: target population, characteristics of interest, spatial and temporal limits, scale of inference)

Media of Sampling | Sampling Action Number of Practlpal Analytical Potential
PSQ Data Need - Sampling Data
Interest Location | Approach Level Samples . Approach
Constraints Sources

PSQ1 | Outer wall timber | Treated timbers | Roof-wall Wood density |<60% original |3+ (adjacent | Access through | Density drill | Field sampling

density timber drill; visual for | wood strength | beams) overburden; field and visuals
interface decay (rot) radiation area readings during
(outer surface) sampling

PSQ1 | OQuter wall timber | Treated timbers | Timber wall- | Wood density |<60% original |3+ (adjacent | Access through | Density drill | Field sampling

density concrete drill; visual for | wood strength | beams) overburden; field and visuals
footing joint | decay (rot) radiation area readings during
(outer surface) sampling

PSQ1 | Innerwall and Treated timbers | Storage area | Wood density | <60% original | 10+ each (roof | Access (tunnel | Density drill | Field sampling
roof timber (inner surface) | drill; visual for | wood strength | and timber entry safety); field and visuals
visuals decay (rot) walls) radiation area readings during

sampling

PSQ 2 Outer and inner | Treated timbers | Storage area PSQ 1 data Contingenton | PSQ 1 data Collecting NA PSQ 1 data
tunnel roof and (inner and and Tunnel 1 and PSQ 1 data and and
wall timber outer surfaces) | information capacity information information; information
densities estimated radiation area

PSQ 3 Overburden soil | Overburden Outer storage | Overburden Low soil shear |3+ locations | Access through | Geotechnical | Overburden
“arching” material (soil) |area soil sampling | strength = poor | (same areas as | overburden; testing geotechnical
potential overburden (borings & test | arching PSQ 1 timber | radiation area (physical, test results

pits) potential density data mechanical,
collection) and arching
properties)

PSQ 4 Current inner Tunnel 1 stored | In-tunnel Current inner | Direct radiation | Once for each | Worker safety, | Radiation Historical
Tunnel 1 waste and storage area tunnel exposure level | in-tunnel area | instruments that | survey field | records (initial
radiation overburden and radiation criteria (three access | will fit through | instruments | radiation
estimates (or overburden measurements, risers); the risers, rad inventory),
readings), decay initial waste multiple inventory data decayed rad
rates, & inventory data, overburden availability, and estimates, soil
overburden- & information locations historical waste shielding
shielding from historical records; properties, &
properties waste records radiation area current

internal rad
readings

PSQ5 Data and Treated timber, | See PSQs 1-4 | See PSQs 1-4 | See PSQs 1-4 See PSQs 1-4 | See PSQs 1-4 Strength and | New strength
information concrete, and failure risks; | and failure risk
collected for overburden archingand | results; new
PSQs 1-4 shielding arching

influence on | probability;
overburden | new shielding
needs needs

PSQ 6 Data and Treated timber, | See PSQs 1-4 | See PSQs 1-4 | See PSQs 1-4 See PSQs 1-4 | See PSQs 1-4 FMEA New FMEA
information concrete, and modeling model results
collected for overburden
PSQs 1-4

PSQ 7 Current Treated timber | Exterior of Light >5¢cm Monthly to Weather; Digital New
surveillance and overburden | tunnel Detection and | subsidence over | quarterly radiation area | analysis; stationary,
practices, data overburden Ranging >2 m? area compared satellite,
and evaluation surface (LIDAR) flyover-to- helicopter, or
results from flyover drone flyovers
PSQs 1-6 combined with

LIDAR and
global
positioning
system (GPS)
assessment
Page 5 of 8 A-6006-889 (REV 1)
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Data Needs Summary Step 3

(Information inputs to answer PSQs: target population, characteristics of interest, spatial and temporal limits, scale of inference)

PSQ

Data Need

Media of
Interest

Sampling
Location

Sampling
Approach

Action
Level

Number of
Samples

Practical
Sampling
Constraints

Analytical
Approach

Potential
Data
Sources

PS0Q 8

Current
maintenance

Treated timber
and overburden

Exterior of
tunnel

LIDAR

>5cm
subsidence

Monthly to
quarterly

Weather;
radiation area

See PSQ 7;
photo-video

PSQ 7 results;
new photo-

video
evaluation

overburden over >2 m? area

surface

practices, data
and evaluation
results from
PSQs 1-6

evaluation (if
entry
approved)

Performance or Acceptance Criteria
(Determine the quality of data needed and analytical approach)

Decision Problem

Provide a decision rule related to the Action Level identified above that includes a clear “if...then...else” statement:
Step 5: Decision rules (DRs) are related to the previously identified PSQs and decision statements in Step 2 and
add applicable Action Levels that are included in clear “if...then...otherwise” statements:

DR-1: If Tunnel 1 treated timber structural component-location data show that the timber density and strength
have been adversely affected by radiation or moisture (fungus) damage, then the tunnel degraded strength would
be identified and a determination made if the tunnel is unstable and protection of the tunnel contents and HHE
could be compromised. Otherwise, Tunnel 1 structural stability would be indicated, but enhanced S&M activities
would be needed to ensure the continued protection of the stored waste and HHE.

DR-2: If the data show that the present Tunnel 1 timber strength is sufficient to continue supporting the 2.4 m
(8 ft) of overburden, then no changes to the overburden is needed. Otherwise, determine how much weight the
Tunnel 1 timbers can support and if reduced overburden thickness would protect the stored waste and HHE and
possibly improve Tunnel 1 structural stability.

DR-3: If the geotechnical data show that arching is occurring in the Tunnel 1 overburden, then the strength
(capacity) of the timbers may be sufficient to support the overburden. Otherwise, determine how much weight the
Tunnel 1 timbers can support and if reduced overburden thickness would protect the stored waste and HHE and
possibly improve Tunnel 1 structural stability.

DR-4: If the 2.4 m (8 ft) of overburden is required to shield the Tunnel 1 stored waste and the timber strength is
sufficient to support the overburden, then no changes to the overburden thickness would be needed. Otherwise,
determine how much weight the Tunnel 1 timbers can support, if the reduced overburden thickness will maintain
adequate shielding, and if the overburden reduction could improve Tunnel 1 structural stability.

DR-5: If the data gathered to answer PSQs 1-4 are sufficient to evaluate the strength and failure risk of the
Tunnel 1 timbers, then conduct the strength and failure risk evaluations for the tunnel. Otherwise, identify missing
or inadequate data and plan to collect it so the timber strength and failure risk evaluation can be completed.

DR-6: If the data gathered to answer PSQs 1-4 are sufficient to conduct Tunnel 1 FMEA modeling, then conduct
it. Otherwise, identify missing or inadequate data and plan to collect it so a FMEA modeling effort can evaluate
structural responses to decay and potentially damaging events (e.g., earthquakes, major thunderstorms, heavy
snowfall).

DR-7: If current surveillance practices are sufficient to ensure Tunnel 1 protectiveness and structural integrity,
then continue with the current surveillance practices. Otherwise, develop updated surveillance practices that are
sufficient to ensure Tunnel 1 protectiveness and structural integrity.

Page 6 of 8
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DR-8: If current maintenance practices are sufficient to ensure Tunnel 1 protectiveness and structural integrity,
then continue with the current maintenance practices. Otherwise, develop updated maintenance practices that are
sufficient to ensure Tunnel 1 protectiveness and structural integrity.

Step 6: Specify the population parameter (e.g., mean, median, or percentile), appropriate for making decisions or
estimates:

A statistical approach will not be utilized when evaluating the structural integrity of Tunnel 1. The overall empirical
timber strength of the tunnel will be evaluated and modeled (FMEA) to establish the current Tunnel 1 structural integrity
and failure risk using a judgmental sampling approach and a weight-of-evidence decision-making strategy.

Step 6: What are the consequences of making an incorrect decision and what is the tolerance for an incorrect decision?

To ensure the continued protection of the Tunnel 1 stored waste and HHE, incorrect decisions regarding the structural
strength (capacity) and failure risk (additional collapses) should be avoided.

Thinking Tunnel 1 Is Stable When It Is Actually Unstable

Incorrectly determining that the Tunnel 1 treated timbers or concrete are not degraded, that the tunnel is stable with
limited failure risk, and that current S&M practices can continue unchanged could result in minimal actions and
concern, leading to continued degradation, tunnel failure (additional collapses), and increased HHE risk.

Thinking Tunnel 1 is Unstable when it is Actually Stable

Incorrectly determining that the Tunnel 1 treated timbers or concrete are severely degraded, that the tunnel has high
failure risk, and that current S&M practices cannot continue unchanged_could result in unnecessary actions and concern,
leading to unnecessary maintenance activities and increased expenditures (labor and materials) to prevent continued
degradation, tunnel failure (additional collapses), and increased HHE risk.

Step 6: Develop the specification of the estimator by combining the true value of the selected population parameter with
the scale of estimation and other boundaries:

Tunnel 1 entry by workers to inspect structural conditions is not proposed. New sampling at external structural contact
locations (timber-concrete [wall], timber-concrete [footing], timber-timber [roof-wall]) and at historical timber sampling
locations (roof timbers near risers) would be representative of the entire tunnel timber structure.

Step 6: What are the acceptable limits on uncertainty?

The Tunnel 1 judgmental sampling approach and weight-of-evidence decision-making strategy are sufficient for
establishing current Tunnel 1 structural integrity (capacity) and failure risks. The treated timbers are the construction
materials of primary concern, and an important Tunnel 1 DQO assumption is that if one or more timber strength result
indicates degradation to <60% of the original wood strength, this result would apply to all the other Tunnel 1 timbers.
This assumption recognizes a low threshold for probable failure risk and minimal acceptable uncertainty in interpreting
the timber strength and modeling (FMEA) modeling results.

Step 7: Plan for Obtaining the Data

(Specify the general plan of obtaining the needed data and explain where and how the information in this Planning Record will be
formalized in a data collection plan)

Data Collection Options (external): Carefully remove the overburden from previous roof sample sites to collect 4 in.
diameter coupons from the roof timbers and analyze their strength (similar to 1980 and 1991). Carefully remove the
overburden from locations where critical timber density measurements can be collected with a resistance drill (timber
roof to concrete wall top, timber wall to timber roof, and timber wall to concrete footings). It is anticipated that the
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Step 7: Plan for Obtaining the Data

(Specify the general plan of obtaining the needed data and explain where and how the information in this Planning Record will be
formalized in a data collection plan)

overburden removal could allow access to multiple timbers at each site, and the data collected would be representative of
the wall and roof timbers for the entire Tunnel 1 structure.

Data Collection Options (internal): No human entry for internal Tunnel 1 data collection options should be seriously
considered due to the May 9, 2017 partial roof collapse, structural instability, constricted walkways along the length of
the tunnel, lack of readily available access points for personnel or equipment, and health and safety access restrictions.

Enhanced Surveillance Data Collection (external): Enhanced Tunnel 1 surveillance using LIDAR and GPS technologies
would build on the existing overburden surface baseline (two previous surveys) that could be reevaluated at regular
intervals (e.g., monthly, quarterly, or annually) to identify indications of structural failure (e.g., >5 cm overburden
subsidence over a >2 m? area). These data could be collected using stationary, satellite, or drone-helicopter flyovers that
would allow digital analyses of the entire Tunnel 1 surface (top and sides) for indications of structural failure (e.g.,
overburden subsidence).

Page 8 of 8 A-6006-889 (REV 1)
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g Executive Summary

Westinghouse Hanford Company requested Los Alamos Technical Associates, Inc.
(LATA) to make an independent evaluation of the structural integrity of PUREX Storage
Tunnel #1 in response to questions by the State of Washington Department of Ecology as
to the advisability of continuing to store dangerous waste in Tunnel #1. LATA finds that

there is very low probability of any degradation of the timbers in the tunnel due to decay

|

E

é or insect attack. The only structural degradation that is occurring is due to the continued
exposure of the timbers to the high gamma radiation field in the tunnel, and this effect is

g minor. In the Silvan evaluation of the tunnel (Silvan 1980), the strength of the timbers at
that time was determined to be 65.4% of the original strength. Based on the same methods

g of calculating radiation damage effects as used in the Silvan report, it is conservatively
estimated that the strength of the timbers will be 60% of original strength in the year 2001.

! At that time it is recommended that the structural integrity of the tunnel be reevaluated in

| light of tests being conducted by the United States Forest Product Laboratory and others

on the resistance of treated wood to damage by decay or insect attack.

iii
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An Evaluation of the
Structural Integrity of PUREX Storage Tunnel # 1

1.0 Introduction

In September, 1990, a dangerous waste permit application for the PUREX Storage
Tunnels (DOE, 1990) was submitted to the Washington State Department of Ecology by the
United States Department of Energy - Richland Operations Office. The PUREX Storage
Tunnels are a storage unit located on the Hanford Site in the 200-East area. The unit
comsists of two earth-covered railroad tunnels that are used for storage of process equipment
(some containing dangerous waste) removed from the PUREX Plant. The radioactively
contaminated equipment is loaded on railroad cars and remotely transferred into the tunnels
for long-term storage. Storage of the mixed (dangerous and radioactive) waste associated
with the equipment is regulated under the Resource Conservation and Recovery Act (RCRA)
of 1976 and under the Washington Administrative Code, WAC Chapter 173-303, Dangerous
Waste Regulations (WAC, 1989).

On February 5, 1991, the State of Washington, Department of Ecology, issued a
Notice of Deficiency (NOD) for the PUREX Storage Tunnels Dangerous Waste Permit
Application (Nord, 1991). In the NOD, the Department of Ecology questioned the
advisability of leaving dangerous waste stored in Tunnel #1 in light of statements made by
Silvan (1980) about the structural integrity of Tunnel #1 (see the Appendix for a copy of
the statements in the NOD). Westinghouse Hanford Company (WHC), the operating
contractor responsible for the PUREX Storage Tunnels, requested Los Alamos Technical
Associates, Inc. (LATA) to make an independent evaluation of the structural integrity of
PUREX Storage Tunnel #1.

A-15



CHPRC-03325, DRAFT A
JUNE 2017

§ 2.0 Background Information

PUREX Storage Tunnel #1 is located in the southeast quadrant of the PUREX plant
site (see Figure 1). The north end of the storage tunnel is near the southeast end of
Building 202-A, the main process building at the PUREX site. The storage tunnel is a

straight-line continuation of the north-south railroad tunnel that enters Building 202-A at

the northeast corner. The storage tunnel consists of three areas: a water fillable door
housed in a reinforced concrete structure that separates the storage tunnel from the PUREX
railroad tunnel; the storage area proper that is 358 feet long and is constructed from wood
timbers covered with earth; and a reinforced concrete vent shaft at the extreme southern

end of the storage area. The area of concern is the storage area proper.

There are only two reasonable alternatives to leaving the dangerous waste in Tunnel
#1, these alternatives are:
e make permanent disposition of the material; or

® move the material to another storage location.

Ultimately, permanent disposition of all of the material in both storage tunnels will
have to be made; therefore, the ideal solution to the problem is to make permanent disposal
of the dangerous waste in Tunnel #1 immediately. Disposal options have been evaluated
by Henckel (1990). Options studied included:

® backfilling the tunnels with gravel,

® injecting the tunnels with grout;

@ a combination of grout injection and backfilling;

® retrieving the equipment and disposing of it in the PUREX Plant;

e retrieving the equipment, performing size reduction procedures in the PUREX Plant,
and disposing of the resulting material;

e retrieving the equipment and transporting it to the Waste Receiving and Processing

(WRAP) facility (Module 2);
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® retrieving the equipment and transporting it off the Hanford Site for treatment and
disposal; and
@ constructing a new facility for retrieving, processing, and treatment of equipment for

disposal.

Based on the evaluation criteria used, three of the alternatives were closely ranked.
In order of ranking, highest to lowest, the three were: retrieval and disposal in PUREX; in
situ grouting; and retrieval and size reduction in PUREX. Even though it was the lowest
ranking of the three, the alternative of retrieval and size reduction in PUREX was the
alternative recommended because this alternative would be in compliance with RCRA

regulations and is technically feasible.

Because of the interaction and dependency on other disp‘osal actions taking place
throughout the Hanford Site, none of the options studied can be accomplished in the near
term. Therefore, the alternative of permanent disposal is not a viable option for the
resolution of the NOD. This leaves moving to another storage location as the only

reasonable alternative.

The only other storage location available for storing the dangerous waste now stored
in Tunnel #1 is PUREX Storage Tunnel #2. Assuming that in-situ disposal will not be the
final disposal option selected, moving the dangerous waste from Tunnel #1 to Tunnel #2
would violate the as low as reasonably achievable (ALLARA) principal because operating
personnel would be exposed to as much, or more, penetrating radiation during the move as
during final disposition. In order to achieve exposure ALARA, it is highly desirable to leave
the dangerous waste in Tunnel #1 if the structural integrity of the tunnel is acceptable.
Leaving the material in Tunnel #1 has the added advantage of making more space in
Tunnel #2 available for failed equipment storage during any future PUREX process

operations.
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3.0 Construction Features of Tunnel #1 Storage Area

Construction of Tunnel #1 was completed in 1956 as part of the PUREX Plant
construction. The tunnel was designed by General Electric. Sketches of Tunnel #1 are
provided in Figures 2 and 3. Copies of selected plans and sections from the original design
drawings are shown in Figures 4 through 7. The original drawings for the tunnel are H-2-
55586 to H-2-55595.

The tunnel is divided into three main parts - the water fillable door at the north end,
the 358-foot long tunnel proper, and the reinforced concrete vent structure at the south end.
Only the timber portion will be described in detail since the condition of the timbers is the
essence of the NOD.

The timber portion of the tunnel is 358 feet long and is composed of two typical
sections. The inside dimensions of the tunnel are 22 feet in height and 19 feet wide and are
same for both typical sections. The first 103-foot length of the tunnel closest to PUREX
Plant (northern part of tunnel) is composed of a 3-foot thick reinforced concrete wall on the
east side and timber west wall and roof. The reinforced concrete wall section would allow
for later construction of Tunnel #2 without disturbing the existing and buried Tunnel #1.
The remaining 255-foot length of tunnel (south portion) is composed of two timber walls

and timber roof. The same type of timbers are used in both sections.

The entire timber area of the tunnel is composed of 12-inch by 14-inch creosoted
timbers arranged side by side with the 12-inch face exposed. Vertical side wall timbers were
placed on a reinforced concrete footing 3-feet wide and 1-foot thick. A 9-inch high curb on
the interior face of the footing restrains the timbers and resists forces imposed by the earth
backfill. Continuous creosoted wood rail ties between the east and west footings carry the
steel rails and permit soil loads to be transferred from one footing to the other. All timbers

and rail ties are No. 1 Douglas fir.
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All exterior surfaces of the timber structure were covered with mineral surfaced, 90-1b
roofing. All joints in the roofing were cemented, lapped, and nailed on 3-inch centers.
Cracks between timbers wider than three-quarters of an inch were covered with 26 gage
galvanized steel nailed in place before the roofing was placed. The entire structure was

then covered with earth fill to provide a minimum cover of 8 feet.

The materials used in and the construction of the tunnel were controlled by the
original drawings and specifications (GE, 1855). These are used to expand the material

descriptions given above.
Timbers - The timbers are Douglas fir No. 1 Posts and Timbers as produced and
graded under the Standard Grading and Dressing Rules of the West Coast Lumberman’s

Association. The timbers are rough sawn to 12'x14",

The timbers are pressure treated with creosote in conformance with American Wood

Preservers’ Association (AWPA) Standard C2-54 for the Preservation Treatment of Lumber,
Timber, Bridge Ties and Mine Ties by Pressure Process. The minimum retention is 8.0

pounds of creosote per cubic foot of wood.
All cutting, framing and drilling of holes was performed prior to pressure treating.
Roofing - Mineral surfaced roofing is asphalt saturated felt, surfaced with mineral
granules and weighing at least 83 pounds per square (referred to as "90 pound roofing").
Material conforms to the requirements of ASTM Designation: D 249-50T, Specifications for
Asphalt Roofing Surfaced with Mineral Granules.

Plastic roofing cement was Koppers "Flashing Cement", or approved equal.

Backfill - Heavy construction equipment was not operated over the tunnel structure
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at any time. A light weight farm type tractor was permitted for finish grading over top of

tunnel.

Material for non-load bearing backfill was placed in layers not to exceed 24 inches

loose measurement.

Care was exercised during backfilling to prevent excessive loads on walls and to

insure balanced loading on opposite walls.

Six inches of clean sand free from stones over 1 inch in diameter were placed over

tunnel roofing material prior to placing embankment material.

4.0 Previous Studies and Their Evaluation

4.1 1971 Wood Sampling

The integrity of the wood in the tunnel was evaluated. Four 14 inch steel pipes were
sunk through the dirt fill down to the roof of the burial tunnel. Using a Swedish, Increment
" Borer four 3/16 inch diameter samples were obtained. The samples were examined visually

and determined to be sound. This effort was completed in March 1971.

This 1971 study did not yield numerical test results but does indicate that the timbers

are in satisfactory condition after 15 years in service.

42 1978 Evaluation of the Tunnel Environment

In July 1978, an evaluation of the storage tunnel environment was performed. A one-
half inch tygon tube was lowered into each of the air sample and temperature probe risers

and several air samples were withdrawn from the tunnel using a vacuum pump. These
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i samples were tested for airborne radioactivity, gaseous chemical composition and relative
2 humidity. Temperature and radiation exposure were determined by lowering iron
l constantan thermocouples and thermoluminescent dosimeter chips into the tunnel. Result
of these tests are shown in Table 1. No conclusions were made from these tests at that
time, but it was recommended that the tunnels’ wood timbers be sampled and tested to

verify their structural integrity.

§ This 1978 study gives environmental data but no structural data. The environment
data represents conditions after 22 years of service. The tunnel was sealed following

placement of the last rail car in 1965. There is little reason to expect the temperature and

relative humidity values to have changed between 1965 and 1978 or from 1978 to the

present (1991). The temperature is a relatively cool 64 degrees and should experience little

seasonal fluctuation. The relative humidity is a very dry 7-percent. This should shift slightly
with changes in temperature but no major variations are expected. The Hanford climate
is relatively dry and no major seasonal changes in relative humidity are expected in the

tunnel due to the depth of burial.

1 43 1980 Core Samplin

a Three core samples were taken from the roof of the storage tunnel to be used for
static bending tests to determine the structural strength of the tunnel support timbers. The

% cores measured 4-1/8 inches in diameter and 13'4 to 14 inches long. This size was selected

because the cores would be large enough to be cut into samples for static bending tests yet

small enough to prevent the timbers from which they were removed from being severely
weakened. The core samples were tested by Timber Products Inspection, Inc. Two types
of static tests were performed. The first test was a modified version of ASTM-D-143 using
a 3/4" square specimen and a 3':2" span rather than the standard 14" span. The second test
was according to ASTM-D-805 using a 0.2 x 2 x 3.5 inch specimen. The test results are

given in Table 2.
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This 1980 study yields numerical test results and represents the condition of the
timbers after 24 years in service. The test results show that the Douglas fir as tested is
equal to or better than the species average for new wood even after 24 years of service.
The 12 percent moisture content of the wood is in agreement with the low relative humidity

value from the 1978 environmental study.

5.0 Findings

The structural integrity of the tunnel, the possibility of decay of or insect attack on

the timbers, and the effect of gamma radiation on wood strength are addressed.
5.1  Structural Evaluation

A previous structural evaluation of the PUREX Storage Tunnel #1 has been made
by Silvan (1980) in which it was found that the timber structure was structurally sound at
the time of the study assuming the present loading conditions remain unchanged. LATA
has reviewed the report, confirmed the reasonableness of the values used, and agrees with
the findings regarding the structural integrity of the timber structure. No new structural
calculations were performed nor are any needed. However, it was stated in the report that;
"An accurate prediction of future tunnel life is not possible due to unpredictable factors that
can affect timber integrity such as wood decay or insect attack." Discussions with experts
on the subject of wood decay and insect attack and review of literature on the subjects
reveals that it is possible to evaluate the ability of the structure to resist such attack and to
make a reasonable prediction of the minimum expected time before decay or insect attack

would be expected to affect the structural integrity of the creosoted timbers in the tunnel.
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52 Wood Decay and Insect Attack

The specification for the timbers used in the tunnel (GE, 1955) required that the
timbérs be pressure treated with creosote solution in accordance with American Wood
Preservers’ Association (AWPA) Standard C2-54 for the Preservative Treatment of Lumber,
Timbers, Bridge Ties and Mine Ties by Pressure Process. Experts consulted on the subject
of wood decay, insect attack, and wood preservation included the staff of the AWPA, Union
Pacific Railroad, and United States National Forest Products Laboratory. The AWPA staff
member expressed the opinion that timbers treated per AWPA-C2-54 should last much
Jonger in the environment of Tunnel #1 than the 35 years normally expected from timbers

so treated.

In discussions with the engineering staff of Union Pacific Railroad in Omaha,
Nebraska, it was stated that they experience a 50-year life for their creosote treated timber
bridges. They also have a 65 to 80 year life expectancy for timber tunnel liners. They have
struts in tunnels built 60 to 70 years ago and they are still in service. Specific examples are
a 255 foot tunnel built in 1917 in Plaza, Idaho; a 129 foot tunnel built in 1911 in northern
Idaho; a 2000 foot tunnel built in 1912 in eastern Oregon; and a tunnel built in 1909 in
Barnheart, Oregon. All are still in service with original timbers. Union Pacific tunnel
liners, based on experience in their 22 state service area, suffer distress due to water
saturation and fault zones. The bottom end of the strut will suffer distress if it is allowed
to stand in water. None of these adverse conditions are present in the PUREX storage

tunnel

Staff of the United States Forest Products Laboratory (FPL) were also consulted on
the subject of wood decay, insect attack, and wood preservation. They expressed the opinion
that the treated Douglas fir timbers would last long beyond the typical 35-40 year life
because of the dry climate at Hanford, the very dry atmosphere in the tunnel, the presence

of the 90-Ib roofing, the AWPA-C-2 treatment, and the low hazard area (for termite attack).
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The FPL has an ongoing program of comparing wood preservatives in wood stake

tests. A progress report (Forest Products Laboratory, 1989) is available that gives results

S, |

of decay and termite attack on wood stakes treated with creosote and other preservatives.

The report states that 2-by 4-by 18-inch pine sapwood stakes furnish an effective means for

R

testing the protection provided against decay and termite attack by various wood

E preservatives. Stake tests were initiated in 1938 at Saucier, Mississippi; Madison, Wisconsin;

s T

Bogalusa, Louisiana; Jacksonville, Florida; and the Canal Zone, Panama.

h § V2P S
Wisconsin is at

the same latitude as Hanford although it has a much wetter climate. Per discussion with

FPL staff the Hanford site (Eastern Washington) is a low hazard area and is less prone to

decay and insect attack than Madison, and that Madison is less prone to decay and insect

| GeER

attack than Saucier. It was judged that of all of the sites at which tests were made or are in
progress, the results of tests conducted in Madison, Wisconsin would be the most nearly

representative of results to be expected at the Hanford Site.

Tests with southern pine stakes (2 x 4 in. nominal x 18 in.) treated with coal-tar
creosote were started at Madison Wisconsin in September 1940. Condition of the stakes in
December 1985 (45+ years of service) as contained in Table 4 of the Forest Products
Laboratory were as follows:

® all 10 stakes with an average retention of 0.71 pounds of creosote per cubic foot of
wood (brush treatment, 2 coats) had been destroyed by decay fungi at an average life
of 8.4 years; ,

e all 10 stakes with an average retention of 1.8 pounds of creosote per cubic foot of
wood (15-minute dip at room temperature) had been destroyed by decay fungi at an
average life of 12.4 years; ‘

® all 10 stakes with an average retention of 4.3 pounds of creosote per cubic foot of
wood had been destroyed by decay fungi at an average life of 37.9 years;

® 1 out 9 stakes with an average retention of 8.0 pounds of creosote per cubic foot of

wood had been destroyed by decay fungi and 9 stakes were still serviceable but

|
i
|
1
:
!
i
¢
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a showing some decay;

e all 9 stakes with an average retention of 11.8 pounds of creosote per cubic foot of
g wood were still serviceable with 4 in good condition and S showing some decay;

e all 10 stakes with an average retention of 16.4 pounds of creosote per cubic foot of
g wood were still serviceable with 5 in good condition and § showing some decay; and
E e none of the creosote treated stakes showed any evidence of termite attack.

A copy of Table 4 from the report, as well as a copy of Table 6, is included in the Appendix.

The data in Table 4 and elsewhere in the FPL report indicate a ratio of average life
% of 1, 1%, and 3 for the Canal Zone, Saucier, and Madison sites, respectively. Applying these
) ratios to the Table 4 data for 4 and 8 pcf retentions, we can project a 2x4 stake average life
g of approximately 57 years at Madison. This is reasonable since only one of nine stakes has
failed in 45+ years at Madison. Recognizing that Madison is more susceptlble that

Hanford, we would project an average life in excess of 60+ years for the 8 pcf creosote

treated timbers.

Table 6 summarizes the results from tests with stakes of different sizes and
demonstrates that for the same preservative retention, large stakes have a longer expected
life than small stakes. As shown in Table 6, with average retentions of 8 pcf, the average
life increases from 17.1, 23.6, to 26.6 years for 2, 1, and 1%4 inch square specimens,
respectively, and is not yet determined after 44% years of service for 2x4 specimens. This
would indicate that the timbers in the tunnel would be expected to last longer than the

stakes.

Handbboks reviewed on the subject of decay, insect attack, and wood preservation
included Timber Construction Manual (AITC, 1974); Wood Handbook: Wood as an
Engineering Material (Forest Products Laboratory,1974); and Wood Technology in the Design
of Structures (Hoyle, 1973).

11
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The Timber Construction Manual has a part on design specifications which includes

"Treating Standard for Structural Timber Framing," AITC 109-69, that states in part:

"2.1 Decay. Decay of wood is caused by low forms of plant life (fungi) that
develop and grow from spores just as higher forms of plants do from seed. These
microscopic pores are likely to be present wherever wood is used. The plant-like
growth breaks down the wood substance, converting it into food required by the
fungus for development. However, like all forms of plant life, these wood destroying
fungi must have air, suitable moisture, and favorable temperatures, as well as the
food if they are to develop and grow. If deprived of any of these four essentials, the
spores cannot develop and the wood remains permanently sound, retaining its full
strength. Wood permanently and totally submerged in water cannot decay because
the necessary air is excluded. Wood will not decay when its moisture content is
continuously less that 20%. Temperatures above 100°F and below 40°F will
essentially stop the growth of the decay fungi. Growth will begin again each time
favorable climatic conditions exist. Since rainfall and temperature conditions
principally influence the rate of decay, a Southern coastal region presents a greater
decay hazard that a Northern inland region.

"2.2.1 Examples of installations where properly designed and constructed wood
structural members are permanent without treatment include:

"2.1.1.1 Enclosed buildings for which good roof coverage, proper roof
maintenance, good joint details, adequate flashings to direct rain water, ventilation,
and a well drained building site assure continuous moisture content of wood below
20%.

"2.1.1.2 Arid or semi-arid regions where climatic conditions are such that the

equilibrium moisture content seldom exceeds 20% and then only for short periods."

The conditions-described in 2.1.1.1 existed at the time of completion of construction

of the tunnel and would continue to exist as long as the mineral surfaced roofing system

12
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a installed on the roof and side walls of the tunnel was intact. Plant Engineering Handbook

(Staniar, 1959) states that the major cause of failure of felt roofs is sunlight (Staniar, 1959).
g The material on the tunnel is well protected from sunlight by the 8-feet of earth cover. It
is stated in the same reference that surety-bond guaranties cn materials, which binds the
manufacturer of the rmaterials, are generally furnished for periods of 10, 15, and 20 years.

Because of the protection provided by the earth cover, the roofing material will provide

protection to the timber for Tmch longer than 10, 15, and 20 year periods discussed above.

The conditions outlined in 2.1.12 are also judged to be applicable to the tunnel

structure. Average annual precipitation at the Hanford Site is 6.3 inches and the average

annual estimated evaporation rate is 53 inches, which essentially eliminates deep infiltration

in the soil (DOE, 1982). The water table, representing the upper limit of the unconfined

aquifer, ranges from 150 to 328 feet beneath the ground surface at the PUREX facilities
g and slopes toward the Celumbia River (DOE, 1982). The temperature of the tunnel when
measured in 1980 was 64°F and the relative-hamidity was 7% at the ceiling and 4% 5-feet
g below the ceiling. Under these conditions, the equilibrium moisture content of the timbers
would not be expected to ever exceed 20%. This assumption is substantiated by the fact
g that the moisture content of the wood in 1980 was 12% (Silvan, 1980).
i

53 Gamma Radiation

‘Silvan (1980) stated that radiation is not expected to be a major factor in any future
weakening of the tunnel timbers. This is a true statement if the assumption is made, as
Silvan did, that final disposition would have been made circa 1982. However, if final
disposition is delayed until the year 2001, for example (ten years from today), and the

material is left in the tunnel, some further degradation of the timber can be expected.

The percent of original integrity at any year can be estimated based on the same

assumptions as made by Silvan (1980) in the Appendix of his report. By the year 2001, the

13
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percent of original incegrity is estimated to be 60%. The calculations that are the basis for

the estimate are as follows:

TE = 1x 10 (t-1) + 4.71 x 10 (1-t*?)
where: TE = total exposure (R)
When t = 2001 - 1961 = 40
TE = 1x 10° (40-1) + 4.71 x 100 (1-40"%) = 859 x 10
Log,(8.59 x 107) = 7.93
Percent of Original Strength = 60% (from Figure A-1 of Silvan [1980], see the
appendix for a copy of Figure A-1 with the new data superimposed).

The result of this additional loss of strength would be minimal.

The amount of gamma radiation induced strength loss required to reduce the safety
factor of the tunnel to zero maybe determined. This load state would correspond to the
degraded tunnel just reaching its ultimate load capacity and being in a state of incipient
collapse. Using the numbers and procedures in Silvan, this critical state will be reached
when the standard factor of safety (which is 1.65 per Silvan) is reduced to zero. The
corresponding gamma radiation degraded stress value is 0.727 of the 1980 value. Silvan
calculated the degraded stress at 65.4 percent of original value. An additional reduction of
0.727 of this value, or 47.5 percent of original value, is required for the safety factor to equal

Zero.
6.0 Conclusions and Recommendations

Based on the results of the wood stake tests (Forest Products Laboratory, 1989) as
outlined in Section 5.0, there is no evidence of termite damage to timbers treated with

creosote at latitudes similar to Hanford Site, but with much greater rainfall. The tests also

show no significant damage by decay fungi after 45 years of testing on wood treated with

14
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creosote at a retention of 8.0 pounds per cubic foot, the average retention of the timbers
E in Tunnel #1. Further, wood in the environment that exists in the tunnel, is considered
permanent except for the effects of gamma radiation. The rate of loss of strength due to
i gamma radiation is diminishing with time so that even by the year 2001, the timber will still

have 60% of its original strength.

Therefore, it is recommended that the dangerous waste in the tunnel remain as is and

g that if a decision for final disposition is not made by the year 2001, that the structural
integrity again be evaluated in light of any then available information including any further

i tests on wood preservation that may have been completed at that time. Further tests of the

timbers in the tunnel, either destructive or non-destructive, are not indicated at this time.

5 7.0 Options for Further Study

E At the option of Westinghouse Hanford Company, experts in the field of wood
preservation can be retained to further validate, or invalidate, the conclusions reached by

i LATA which were based on a reasonable search of readily available literature.

15
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PHO-CD-1076

TABLE 2 RESULTS OF STATIC BEND TESTS - PUREX NO. 1

STORAGE TUNNEL CORE SAMPLES

MODULUS OF RUPTURE (psi)

Location Modified Moisture Specific
Number AST!i-D-143  ASTM-D-805 Averace (Content Gravity
1 12,226 12,679 12,453 12% n.6
2 11,325 11,312 11,319 12% 0.6
3 16,834 16,814 16,824 12% 0.6
Control 17,313 17,313 12% n.58

(Mev: Wood)
Industry Average 12,000 12% 0.48
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Copy of Table 4 (Forest Products Laboratory, 1989)
Copy of Table 6 (Forest Products Laboratory, 1989)

Copy of Figure A-1 from Silvan (1980)
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The two comments in the Notice of Deficiency (Nord 1991) that relate to the

structural integrity of PUREX Storage Tunnel #1 are reproduced below. The original was

not suitable for copying.

22.

37.

11-4/7 Comment: The plan states, "No partial closure is anticipated for the
PUREX Storage Tunnels."
Requirement: Discuss this statement with regard to the
conclusion of RHO-CD-1076 (September 1980, G. R. Silvan), which
states on page 33, "If the contents of the tunnel must be removed, it
should be deactivated as soon as possible to ensure the tunnel is still
structurally sound during the removal operation."

11A-11 Comment: It is assumed that the closure activities for the PUREX
Tunnels will occur in conjunction with the closure activities for the
PUREX Plant. This may be appropriate for Tunnel 2, but Tunnel 1
was found to be of adequate but questionable integrity in 1980.

Requirement: Evaluate the assumption that both tunnels will be
closed in conjunction with the PUREX Plant. Demonstrate that
postponing closure of Tunnel 1 will not result in a more difficult
closure due to failure of the timbers. Refer to the second paragraph
of page 11A-16.

A-2
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Table 4.--Condition of southern pine stakes (2 x 4 in. nominal x 18 in.) trecated with chromated zinc acsenate (Boliden salts)
zinc chloride, and coal~tar creosote aftec 15 tc 45-1/2 years of service. Stakes placed in test at Madison, Wis.,
September 1940; Harrison Experimental Forest, Saucier, Miss., June 1940; aad Barro Colorado Island, Canal Zone,
September 1940 (Plot &)

Condition of stakes December 1985°

Average - Serviceable but Destroyed by-- .
Loca~ retention Nu@bcr showing some-- 5 Total Average
Preservative tion e in ecay removed life
. Dry test Good Decay fungi
0il . Decay Termite
salcb Decay Termite and fungi attack and
attack termite termite
attack attack
“---pf--- R Bet - s - mm e Number Pct Yt
Zinc chloride Wis. -- 0.50 (.30) 10 - - -- -- 100 .- - 10 100 14.8
Miss. - .50 (.30) 10 -- o= - -- 60 - 40 10 100 14.2
Canal -- .49 (.29) 10 -- -- - -- - -- 100 10 100 3.0
Wis. - 1.03 (.61) 10 .- - - -- 100 -- - 10 100 19.8
iss. - 1.02 (.61) 10 - - - - 60 10 30 10 100 14.4
Canal - 1.01 (.60) 10 - - - - - -- 100 10 100 3.6
Wis. - 1.51 (.90) 10 - -- - - 100 - - 10 100 22.3
Hiss. - 1.51 (.90) 10 -- - -- -- 60 - 40 10 100 18.1
Canal -- 1.49 (.89) 10 - - - - -~ -~ 100 10 100 4.5
Chromated zinc Wis. - .33 (.22) 10 - - ~-- -- 100 -- -- 10 100 19.6
arsenate (Boliden  Miss. - .33 (.22) 10 - .- - - 30 -- 70 10 100 33.0
c Canal - .33 (.22) 10 - - - - .- -- 100 10 100 9.2
salts)
Wis. - L4 (.29) 10 - - .- - 100 -~ -- 10 100 26.1
Miss. --= Lbb(.29) 9 - - .- 11 11 -- 78 8 89 -
Canal -- L6 (.29) 10 - - -- - 30 10 60 10 100 11.6
Wis. -- .60 (.40) 9 -- - - -- 100 -- - 9 100 24.9
Miss. - .58 (.38) 10 - - - 70 10 -- 20 3 30 --
Canal - .58 (.38) 10 - - -- - 60 40 -~ 10 100 14.6
Wis. - .78 (.52) 10 -~ -- - - 100 - -- 10 100 34.6
Miss. -- .78 (.52) 10 -- - -~ 100 -- .- - -- -- -
Canal - .78 (.52) 10 - - - == 100 - - 10 100 15.1
Wis. -- 1.06 (.70) 9 -- 11 - - 89 .- - 8 89 -
Miss. - 1.06 (.70) 10 -- - -- 100 -- -- .- - - --
Canal -- 1.05 (.69) 10 - - - - 100 -- .- 10 100 15.3
Coal-tar creosote Wis. 4.3 - 10 -- -- - - 100 -- -- 10 100 37.9
Miss. 4.2 -- 10 -~ - - -- 60 -- 40 10 100 17.8
Canal 4.3 -- 10 - - - - 40 - 60 10 100 13.4
Wis. 8.0 - 9 - 89 - .- 11 .- - 1 11 --
Miss. 8.0 .- 10 - -= - 30 30 - 40 7 70 -3
Canal 8. .- 10 - 60 - 10 30 -- - 3 30 19
Wis. 11.8 -- 9 44 56 - - - -- -- - - -
HMiss. 11.8 - 10 -- - - 80 10 -- 10 2 20 "3
Canal 11.8 - 10 - 60 - - 40 - -- & 40 18
Wis. 16.4 - 10 50 50 ~-- -- -- - - - - .-
Miss. 16.5 -- 1o 40 - 10 50 - .- -~ -- -~ .-
Canal 16.5 - 10 - 90 - 10 -~ -- .- -- -- -
' Wis. 1.52 .- 10 -- -- - - 100 - - 10 100 12.4
Miss. 1.8E - 10 - - -= - 10 3G 60 10 100 7.7
Canal 1.8 - 10 - -= - - - 80 20 10 100 4.8
Wis. .71[ - 10 - - - - 100 ~- - 10 100 8.4
Hiss. .76f - 10 -- i aind - - 50 50 10 100 4.2
Canal .76 - 10 -= - -- - -- 90 10 10 100 2.5
Untreated controls Wis. -- -- 10 -- - -- - 100 -- - 10 100 6.2
Miss. - - 10 - - bl -- -- 50 50 10 100 2.2
Canal -- - 10 - - - -- - 90 10 10 100 1.1
® Final inspection at Canal Zone, January 1956.
b .
Retention values in parentheses are based on preservative oxides.
c . .
. Retention based upon total anhydrous salts: ZnSOA + HJASOA + NaZHAsOA + Nazur207.

Estimate based upon percentage of stakes remaining after final inspection.

"

15-min dip at room temperature.
Brush treatment, 2 coats.

This study was initiated by R. M. Wirka.
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Attachment 2

LATA, 1991, An Evaluation of the Strucutral Integrity of the
PUREX Storage Tunnel #1
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SUMMARY

The physical inteqgrity of the Purex number one burial tunnel has been a
concern since 1971. Several surveys were performed on the tunnel but
none of these surveys dealt with the actual strength of the wood by
direct testing. In May, 1980, three four-inch diameter cores were cut
from the roof of the tunnel and tested for strength using a static bend
test. The results of these tests showed that the wood beams in the
burial tunnel are within standards for present day new wood and design
calculations performed on the tunnel have shown it to be within safe
limits. Collapse of the tunnel is not expected at this time, but a
prediction of actual tunnel 1ife is not possible due to the many un-
predictable factors affecting wood strength. Since eventual tunnel
failure is certain, the manner and time of tunnel deactivation must be
determined. If the tunnel contents must be removed and stored elsewhere,
or buried, the tunnel should be deactivated as soon as is practical, but
if the tunnel contents can be buried in place, deactivation can be de-
ferred to a later date. It is recommended that a study on the options for
deactivation be completed within two years.
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DESCRIPTION

The Purex Mo. 1 Burial Tunnel is located at the southwest end of the
Purex building and is an extension of the railroad tunnel. The burial
tunnel consists of three areas: the water filled door, the storage area
and the vent shaft (see fiqure 1).

The water filled door is at the north end of the burial tunnel and con-
nects the burial tunnel with the railroad tunnel. The door is constructed
of one-half inch steel plate and is hollow so that it can be filled with
water to act as a radiation shield when it is in the down (closed) po-
sition. Vhen in the up position, the door is surrounded by a three foot
thick cement enclosure. The basic dimensions of the door are 24% by

21% by 7 feet. The electric hoists for raisina and lowering the door
are located on top of the cement enclosure, and the pumps and valves for
fillina and draining the door are located in a room just northwest of
the enclosure. Controls for the operation of the water filled door are
located on the north wall at the east end of the Pipe and Operatina
Gallery (P & 0) in the Purex building.

The storage area is the main section of the burial tunnel. It is 358 feet
long, 22 feet high and 19 feet wide. The ceiling and walls are composed
of 12 by 14 inch creosote treated douglas fir timbers arranged side by
side with the exception of the first one-hundred feet of the east wall
which is three foot thick reinforced concrete. Ninety pound roofing
material and tar were laid over the timbers and the entire structure was
covered with eight foot of dirt fill. The floor consists of a railroad
track laid on a gravel bed. The tracks are on a one percent downward
slope to the south to prevent railroad cars from accidentally rolling
out of the tunnel, and a railroad car bumper is located at the south end
of the tracks to act as a stop. The capacity of the storage area is
eight modified (shortened to 40 - 42 feet) railroad cars.

The vent shaft is located at the south end of the tunnel and provides

a means by which a filter and fan can be connected to the storage area.
The shaft is approximately three feet square and composed of reinforced
concrete.
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HISTORY

Construction and Burials

Construction of the burial tunnel was completed in 1956 and the
first two burial cars were loaded into it in June, 1960. Between
this date and January, 1965, six more cars were loaded into the
tunnel. Table 1 contains a list of the burial cars and their con-
tents. During the loading of the number seven car, the burial
tunnel was pressurized due to the heat given off by the contents
of the car. To alleviate this problem, a blower fan and filter
were connected to the vent shaft. Also, two air sample and temp-
erature probe risers were mounted in the roof of the tunnel to
allow occasional monitoring of the tunnel environment. These risers
were placed at locations 60 and 240 feet south of the water filled
door enclosure (see figure 2). After the last car was loaded in
1965, the water filled door was deactivated.

TABLE 1: PUREX NO. 1 BURIAL TUNNEL INVENTORY

Initial
Burial Burial Dose
Car No. Date Contents Rate

1&2 6-60 HA Separations Column 5 r/hr 8 GO'
Box of Misc. Jumpers

3 7-24-60 E-F11, 1WW Waste Con- 12.5 r/hr 6 100"
centrator

4 12-24-60 G-E4 Centrifuge 1.5 r/hr @ 150'
Two Concentrator Tube
Bundles

Box of Misc. Jumpers

5 1-4-61 E-H4, 3WB Concentrator 150 mr/hr @ 50'

6 4-21-61 E-F6, 2WW llaste Concen- 5 r/hr @ 20'
trator

7 2-8-61 E-F11, 1WW Waste Concen- 25 r/h @ 150'
trator

8 1-22-65 E-F6, 1WW Waste Concen- Unrecorded
trator

a
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1271 Wood Sampling

Concern about the structural inteqrity of the tunnel was first
raised in December, 1970. Since the wood timbers had been in
place for almost fifteen years, doubts had been raised as to the
condition of the wood. To determine the integrity of the wood,
four 1% inch steel pipes were sunk through the dirt fill down to
the roof of the burial tunnel. These risers were located approx-
imately 20, 149, 245 and 33€ feet south of the water filled door
enclosure (see figure 2). Using a Swedish, Increment Borer (see
figure 3) four 3/16 inch diameter samples were obtained. The
samples were examined visually and determined to be sound. This
effort was completed in March 1971.

1973 Fire Hazards Study

The possibility of a fire starting in the burial tunnel by sponta-
neous combustion was questioned next, and in July, 1973, a fire and
explosion hazard evaluation was completed by the Health and Safety
Administration of the United States Department of the Interior.

The report concluded that the danger of an explosion in the tunnel
was non-existant, and the possibility of fire was extremely remote.
However, a recommendation was made that the tunnel atmosphere be
monitored for hydrocarbon content and that a sprinkler system which
would be activated by a carbon monoxide monitor be installed. To
date, such a system has not been installed, but an effort was made to
flood the tunnel with carbon dioxide. The water filled door was
caulked with a plastic sealant and the vent shaft was disconnected
from the blower fan and sealed off. Six tons of carbon dioxide
were then pumped into the tunnel through one of the air sample and
temperature probe risers. The carbon dioxide quickly diffused
through the gravel floor of the tunnel, and the attempt to create

a non-combustible environment in the tunnel failed.

A-60




JUNE 2017

CHPRC-03325, DRAFT A

RHO-CD-1076

N

Borer

Sampler
Ejector

Handle

SWEDISH INCREMENT BORER

FIRGURE 3:

A-61



CHPRC-03325, DRAFT A
JUNE 2017

RHC-CD-1076

1978 Evaluation of the Tunnel Environment

In July, 1978, an evaluation of the burial tunnel environment was
performed. A one-half inch tygon tube was lowered into each of the
air sample and temperature probe risers (for jocation, see figure 2),
and several air samples were withdrawn from the tunnel usina a vac-
cuum pump. These samples were tested for airborne radioactivity,
gaseous chemical composition and relative himidity. In addition,
temperature and radiation exposure were determined by Towering iron
constantan thermocouples and thermoluminescent dosimeter chibs into
the tunnel. Results of these tests are shown in table 2. No con-
clusions were made from these results, but it was recommended that
the tunnels' wood timbers be sampled and tested to verify their
structural integrity.

1979 Wood Sampling

The wood timbers of the burial tunnel were once again sampled in
June 1979 by lowerinc a Swedish Increment Borer (see figure 3) down
the existing wood sample risers (for location see fiqure 2). The
samples obtained, however, were of such poor quality that a visual
examination could yield no usable information. A chemical analysis
by Pacific Northwest Laboratories (PNL) to determine the amount of
degraded cellulose in the wood also proved unsuccessful. The study
concluded that the existing wood sampie risers were no longer use-
ful in obtaining samples from the tunnel and an alternate method
would have to be developed.
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CORE SAMPLING OPERATION

Purpose and Site Locations

Three core samples were taken from the roof of the burial tunnel to

be used for static bending tests to determine the structurai strenath
of the tunnels support timbers. The cores measured 4 1/8 inch in
diameter‘and 13 1/2 to 14 inches long. This size was selected because
the cores would be large enouch to be cut into samples for static
bending tests yet small enough to prevent the timbers from which they
were removed from being severeiy weakened. A structural study made

by G. R. Wagenblast of Rockwell's Engineering Mechanics unit showed
that as long as the cores were taken three to six feet from the tunnel

(e)

centerline, the tunnel roof would not be adversely affected.
The core sample locations are as follows {(see fig. 2):

Location Number 1: Approximately 18 feet south cf the
water filled door and 4 feet east of the tunnel centerline.

Location Number 2: Approximately 54 feet south of the
water filled door and 4 feet west of the centerline.

Location Number 3: Approximately 154 feet south of the
door and 4 feet east of the centerline.
Locations one and two were selected because they were the areas that
appeared to have received the largest amount of radiation exposure,

and Tlocation number three was selected as a reference.

Method

In preparation for the core sampling, six feet of the eight foot dirt
fi1l over each sample location was removed using a crane with a clam-
shell attachment. An area sufficiently large enough for four people
was dug out and the sides of the excavation were sloped at a forty
five degree angle to eliminate the need for shoring. Next, a two
foot square hole was dug down to the timbers using the crane, and a
plywood shoring box was placed in the hole to prevent the dirt from
caving in over the work area. Any remaining dirt vas swept from off
the timbers using a broom and a dust pan eauipped with an extension

10
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handle. Following this, the tar and roofing material on top of the
timbers were chipped off using long handled wood chisels. A one foot
diameter, 2% foot lona fiberglass pipe was then nlaced over the sample
site and filled in around with dirt. Figure 4 shows a typical pre-
pared sample site. The two inch thick lead donut shown in the figure
was lowered down into the fiberglass pipe to provide additional ra-
diation shielding.

After all three sample sites had been prepared, the cores were drilled
using a specially designed hole saw. The lead donut was moved from
site to site as it was needed. As each core was removed, a steel
riser was placed in the newly created hole in the timber and 1iquid
neoprene was poured around the riser to caulk it. When all three
sites had been core drilled, the excavations were backfilled to their
original grade. No effort was made to recover the plywood shoring
boxes or the fiberalass pipes.

Equipment

Hole Saw. Since no commercially available device existed for obtain-
ing large wood sampies, a hole saw capable of obtaining a 4 1/8 inch
diameter and 14 inch lona core was designed and built on-site. The
entire device consisted of the hole saw and four accessories: the
drill cap, the starter drill, the core holder and the core holder
chamber (see figure 5).

The hole saw was made from a 15 inch long piece of 4 inch stainless
steel pipe into which twenty four saw teeth had been cut. The number
of teeth was later reduced to twelve with carbide tips attached to
each tooth. A 1/4 inch thick back plate was welded on the other end
of the pipe. The back plate contained a one inch diameter hole in the
center and four 1/2 inch diameter holes located equidistant from each
other, and 1 5/8 inches from the center. A 4 foot long 3/4 inch steel
pipe was inserted into the one inch hole and welded in place to act

as a shaft. The other end of the pipe shaft was threaded with stand-
ard NPT pipe threads. Four support bars vere weided to the shaft and
the back plate at a forty five degree angle. The hole saw could cut

11
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a core about 4 1/8 inches in diameter and leave a 4 1/2 inch diameter
hole.

The drill cap was desicned to screw on top of the hole saw's shaft
and fit into a three-quarter inch drill chuck. The cap was machined
from a solid piece of stainless steel with one end fashioned like a
pipe cap and the other like a three-quarter inch bit.

To prevent the hole saw from moving out of position when it was first
cutting into a timber a starter drill was designed to be inserted into
the hole saw to act as a guide. The starter drill consisted of a 3/1%
inch twist drill mounted in a 1 1/4 inch thick aluminum plug. The
plug was grooved on the edges to allow it to slide past the saw teeth
when inserted into the hole saw. A 3/8 inch diameter threaded steel
rod was attached to the other side of the aluminum plug so that when
the starter drill was inserted into the hole saw, the steel rod would
fit through one of the 1/2 inch holes in the hole saw's back plate.
The starter drill was held in place by two hex nuts and was used only
during the first inch of cutting. After that, the hole saw could
guide itself.

The core holder and core holder chamber vere used during the Tast inch
of cutting to prevent the core from falling out of the hole saw and
into the tunnel when the hole saw penetrated a timber. The core hold-
er was a 5 foot long 3/8 inch steel rod with wood screw threads on one
end and a one inch "T" handle on the other. The core holder chamber
consisted of two 1 1/2 to 3/4 inch bell reducers, a nine inch long
piece of 1 1/2 inch pipe, and a three inch long 3/4 inch pipe nipple.
To attach the device, one of the bell reducers was screwed onto the
hole saw shaft and the core holder was inserted into the shaft and
screwed into the wood core. After that, the 1 1/2 inch pipe, the other
bell reducer and the pipe nipple viere screwed on in that order. The
drill cap was then screwed on top of the assembly and the cutting con-
tinued until the hole saw penetrated the timber.

14
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Drill Motor. A modified three-auarter inch portable drill was used
to turn the hole saw. To allow for greater control of the hole saw
and to prevent the operators from standing directly over the sample
site, two extension handles were attached to the drill motor. The
switch in the motor's handle was taped in the closed position and the
drill was controlled by using a foot pedal switch. Figure 6 shows
the drill motor in operation.

Sawdust Clearing Apparatus. Since the hole saw was not self-clearing,

a method of cleaning the sawdust from the cut became necessary. This
was accomplished by using an air blow. After cutting one to two inches
into a timber, the hole saw was removed and the sawdust was blown from
the cut with compressed air. The cutting then resumed for another one
to two inches. The air blow device consisted of a ball valve connected
to a four foot long 1/2 inch pipe which haa been nippled down to a one
inch jona 1/8 inch diameter pipe on the other end. Compressed air at
90 psi was supplied to the device by a portable air compressor.

To prevent the possibly contaminated sawdust from escaping into the
atmosphere, a mini hood was created using a piece of clear vinyl sheet-
ing and a vacuum hose. Fioure 7 shows the air blow device and the

mini hood in use. Vacuum for the hood was supplied by a Sears sixteen
gallon shop vac. which had been equipped with a 1000 CFM HEPA fiiter

on the exhaust end (see ficure 8).

Risers. In order to plug the holes created by the core drilling, three
4 qnch risers were fabricated. The risers were made from four inch
schedule forty steel pipe and measured ten feet three inches. Slip

on flanges were welded onto the pipes fifteen inches up from the bot-
tom to prevent the risers from slippinag into the tunnel, and the areas
below flanges were trimmed slightly to allow the risers to fit easily
into the holes in the timbers. Standard four inch pipe caps were
screwed onto the tops of the risers. Two of the three risers are
shown in figure 9. After the risers were positioned and the dirt
filled in around them, the tops of the risers were one foot above
ground level.

15
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Observations

Site Preparation. Excavation of the sample sites began on Monday,

May 5, 1980 and was completed with the plywood shoring boxes in place
two days later. During the digging of the number one site, the number
one wood sample riser (see figure 2) was struck by the clamshell and
had to be removed. Exposure rates at the number one and number two
locations presented a problem for the workers while they were removing
the last bit of dirt and scraping the tar from off the timbers (see
table 3). However, by using extension handles and by rotating person-
nel, radiation exposure was kept well below allowable limits. Once

the fiberglass pipe was in place, the amount of exposure to personnel
was cut considerably. Also, insertion of the lead donut into the
fiberglass pipe just prior to core drillina further reduced the amount
of exposure to well below acceptable Timits. The Targest dose received
by any one man during the entire operation was one hundred miliroentgen.
Preparation of all three sample sites was completed on Friday, May 2.

Core Drillina. Because of low radiation exnosure, location number

three was chosen to be sampled first and core drilling began on Tues-
day, May 13. High winds and problems with the stainless steel saw
teeth getting dull too fast forced the operation to be suspended for
the day, and the core drilling was completed the next morning. To
eliminate the need for constant sharpening, the number of saw teeth
on the hole saw was cut in half, and carbide tips were attached to
the reamining teeth. After the hole saw was modified, core samples
from locations one and two were obtained without difficulty. A1l core
sampling was completed on Friday, May 16. The wood cores are shown
in figures 10 through 12. The cores appear blackened on the ends
because the timbers had been creosote treated before use.

Although a release of radiocactive contamination from the burial tunnel
during the core drilling operation was expected, air samples taken at
the time showed no sign of any contamination release. In addition,
surveys of all the equipment used during the core drilling and of the
work areas didn't reveal any detectable contamination. A small amount
of contamination (less than one hundred fifty counts per minute) was
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TABLE 3: EXPOSURE DURING CORE DRILLING OPERATION (mR/hr)

Sample First Stage Second Stage Third Stage
Location
No. Area Area Area Area Area Area Area
A B C A B A B
1 150- 700 2,000 20 250 8 8
200
2 300- 2,000 8,000 50 450 10-15 10-15
500
3 0 0 15 0 0 0 0

' ]
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found on the bottom ends of the three core samples, but this was re-
moved by cutting the bottom one-quarter inch off of each of the cores.

Site Refilling. Refilling of the sample site was scheduled for May
19 but was delayed due to the ash fallout from the May 18 eruption
of Mount Saint Helens, which necessitated cleaning and testing the

crane. Filling of the sites began the following rmonday and was
completed on Friday, May 30.
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SAMPLE TESTING

Method

Two types of static bend tests were performed on the core samples.
The first type was a modified version of ASTM standard number D-143.
The second was according to ASTIM-D-805.

In the first test, four 3/4 inch sauare by 3 1/2 inch ionc samples
were cut from each of the three cores. These samples were then sub-
Jected to a center load static bend test. The results were compared
with those of new wood of the saime moisture content, rina count and
density. The new wood was next tested using the standard three-
quarter inch square and fourteen inch long sample called for in ASTM-
D-143. The results of this test were used to scale up the results of
the tests on the smaller saimples.

The second test used samples that measured 0.2 by 2 by 3 1/2 inches.
These samples were subjected to a centerload static bend across the
width as specified in ASTM-D-805. This standard was meant for test-

ing veneer but can also be used for bend tests on very short soecimens.
Results

The results of the two tests are shown in Table 4:

25
A-79




CHPRC-03325, DRAFT A
JUNE 2017

RHO-CD-1076

TABLE 4: RESULTS OF STATIC BEND TESTS - PUREX NO. 1
BURIAL TUNNEL CORE SAMPLES

MODULUS OF RUPTURE (psi)

Location Modified Moisture Specific
Number ASTM-D-143  ASTM-D-805 Average Content Gravity

1 12,226 12,679 12,453 12% n.6
2 11,325 11,312 11,319 12% 0.6
3 16,834 16,814 16,824 12% 0.6
Control 17,313 17,313 12% n.58
(Mew Wood)
Industry Average 12,000 12% 0.48

A11 three samples have a specific gravity higher than the industrial,
and since modulus of rupture is rouchly proportional to specific
gravity(lz), they should all have a hicher than average modulus of
rupture. This is true with sample number three and the control

sample but not true with samples number one and two, and would suggest
that these timbers may have been weakened by an environmental in-
fluence. The probable cause of this loss of strength will be dis-
cussed later in greater detail. In any case, all of the samples fall
within the acceptable range for modulus of rupture and the wood in

the burial tunnel can be assumed to be compatible with present day

douglas fir (see letter in appendix).
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DISCUSSION

The Cormittee on Timber Structures of the American Society of Chemical
Engineers Structural Division has determined that if old timbers are
in good condition, they can be assigned the same working stresses as
new lumber of the same grade and species.(lo) The test results on
the three core samples have shown that the wood in the burial tunnel
is still within specie requirements, and so the present day desian
values can be used for evaluating the intearity of the tunnel. The
grade and species of wood used in the tunnel is number one post and
timber douglas fir.(15)

For the purpose of simplicity, only bending stresses will be con-
sidered in this section since the preliminary structural evaluation
by G. R. Wagenblast had shown that timber failure would be by bend-
ing stresses. (6) The desian value of extreme fiber in bending (Fp)
for number one post and timber grade douglas fir is 1,200 psi.(9)
This number is Tower than the lab test value of 12,000 psi because
a number of reduction factors must be applied to obtain a practical
design value.

Reduction Factors

Moisture and Seasoning Effects. Green wood has a moisture content of
30%. This large amount of moisture will reduce the bending strength
of the wood to a factor 1.62 (12) below the lab value for dry wood
(12% moisture content). Even though this strength is gained back when

the wood is dried and seasoned in the case of large timbers, it is
offset by defects in the timber which form as a result of the drying
and seasoning process.(7) The bending strength adjusted for moisture
becomes 12,000 = 1.62 = 7,410 psi.

Variability. Design strengths are based upon the average strength of a
species and so most of the timbers will either be stronger or weaker
than the average. To account for the weaker timbers the strength value
is reduced by 25%. The bending strength adjusted for variability be-
comes 7,410 x 0.75 = 5,560 psi.
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Duration of Load. The ability of wood to withstand a given stress

decreases logarithmically with time for continuously applied loads.(12)
For example, a normal bending strength test lasts about two- to three
minutes, and a stress of 12,000 psi is required to break the sarpie,
However, a 8,040 psi stress applied continuously for one year wiil
break the same sample. Similarly, a ten year 7,500 psi stress or a
fifty year 7,200 psi stress will break the sample. Normal duration

of load is considered to be ten years, and the bending strength is
reduced by 3/8 to accommodate the loss of stress resistance during
this period.(s) The corrected bending strenath now is 5,560 x 5/8 =
3,475.

Matural Defects. Defects such as knots, cracks and splits in the arain

will reduce the strength of a timber according to the size and type
of defect. Each grade of wood is assigned a maximum reduction in
strength resulting from defects. Lumber is assigned to the various
grades according to number and size of defects.(13) In the case of
number one grade douglas fir, the maximum loss of strength due to de-
fects is 43%. Adjusting the bending strength for defects yields
3,475 x 0.57 = 1,980 psi.

Safety Factor. Even after applying the above reduction factors the

bending strength is still a factor of 1.65 areater than the design
value of 1,200 psi. This number is called the near minimum factor of
safety (8) and allows for such things as accidental overloading, and
public and worker safety. This factor, however, does not take into
account severe overloading stresses such as those in an earthcuake.
It should be noted that each reduction factor contains a certain mar-
gin of safety, and when all these factors are combined the actual
safety factor is usually between 2.0 and 2.5.(8)

Factors Not Included in the Design Strenath

The reduction factors explained above have been determined on the
basis of normal loading, construction and maintenance. When conditions
go beyond these assumptions the design strength must be reduced
accordingly.
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Duration of Load Beyond Ten Years. As stated earlier, the normal

duration of load is assumed to be ten years. If the timbers are to
be loaded for longer periods of time, as in the case of the burial
tunnel, the design strenath must be reduced by another 10%. This
will compensate for any further ioss of strenath due to duration of
Toad for the entire 1ife of the tunnel. The desian strength ad-
Justed for long term loading is 1,200 x 0.99 - 1,080 psi.

Size Factors. The design strength is only applicable for timbers up
to twelve inches in depth. For larger timbers the strenath must be
reduced by the following equation:

Cr = (%%) 1/9
where d is the depth of timber and Cp is the size factor. The tirmbers
in the burial tunnel are fourteen inches deep and the design strength
is reduced to 1,080 x 0.983 = 1,060 psi.

Decay and Insect Attack. The effects of decay and insect attack are
so varied and hard to predict that no adjustment to the design strength
is made, but the possibility of loss of timber integrity by these

causes must always be kept in mind. Generally, as lonc as the timbers
are kept dry, decay or insect attack is not 1ikely since both need
moist wood to get started. (7) In the case of the burial tunnel, the
timbers were creosote treated and are kept in a very dry atmosphere
(7% relative humidity - see table 2). Decay or insect attack is not
considered to be a current problem. However, the possibility of decay
or insect attack occurring can never be totally eliminated.

Radiation. Several locations in the tunnel have been exposed to large
amounts of garma radiation due to the presence of the failed process
equipment in the tunnel. Studies have shown that large amounts of
gamma radiation can Tlower the strength of wood. (1) The results of

the core sample tests bear this out. Sarmples number one and two which
have received large dose of radiation are noticeably weaker than sample
number three even though they are similar quality wood. Fortunately,
even though the wood has been weakened, it is still within allowable
strength Timits. A worse case radiation profile has been prepared

(see appendix) and is shown in figure 13. The most severe effects
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of the gamma radiation occur in the first three years and the effects
gradually tapered off thereafter. Radiation is not expected to be a
major factor in any future weakening of the tunnel.

Calculation cf Present Tunnel Inteagrity

The weight a viood beam is designed to hold if Toaded uniformly is
given by the following equation.(?)

dd = ?fg g ¢’

lhere:
kg = Desian weiaht
Fp = Design bending stress = 1060 tb/in?
v = Tiwber width = 12 in.
= Timber depth = 14 1in.

Timber length = 19 ft. = 228 in.
Substituting in the above values:

_ 8 (1,060) 12 (14)2 _
SRR ) = 14,600 1bf

The weight actually held by the beam is aiven as follows:

Wa = (pe HewL + pw dwlL) é%
Where:
Wa = actual weight in 1Ibf
pe = density of the earth fi1l = 110 +5
He = height of the earth fill = 8 ft.
ow = density of the wood beam = 37.4 %%?
g = acceleration of gravity = 32.2 gﬁéy
gc = force constant = 32.2 %%E-ggéz
Therefore:
wa = {(110) (8) (15)(19) + (37.4) () (13 (1901 355

Wa = 17,500 1bf
As can be seen, the actual weight on the tunnel exceeds the desian
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weight by 20%. Since the near minimum safety factor is 1.65, however,
the tunnel can safely handle loads up to 65% in excess of design value.
Therefore, even though the tunnel will not meet current desian criteria,
it is structura]]y'sound and is not in danager of failure at this time,
but a prediction of how Tong the tunnel will last is not possible due to
unpredictable factors that could affect timber integrity.

Consequences of Tunnel Failure

The immediate radiological consequences of the tunnel failure are rela-
tively minor since the contamination in the tunnel is generally well fixed
and airborn activity is relatively low. Also since personnel are not
normally on the tunnel, personnel safety risks are low. Public relations
consequences, however, could be large due to the present attitudes re-
garding nuclear waste handling.

Eventuallyv tunnel failure will occur as a few side-by-side timbers fail.
The timbers will break and fall into the tunnel along with the soil that

is on top of them. This will either cause a depression in the fill on top
of the tunnel or open a hole to the tunnel interior. Total tunnel collapse
is not expected except in a major seismic event. Should the tunnel fail,
two courses of action exist: 1) bury the tunnel contents in place or

2) remove the equipment for burial or relocation. Removing the equipment
after a tunnel failure could require removing the soil and timbers which
had fallen into the tunnel to allow the equipment to be removed. This
would be costly and could result in personnel danger and radiation exposure,
depending on the degree to which the work can be accomplished remotely.
Therefore, if the equipment is to be removed, it should be done while the
tunnel is still structurally sound.
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 CONCLUSIONS

The Purex Number One Burial Tunnel is considered to be structurally
sound for the present time assuming the present loading conditions
remain unchanged. "An accurate prediction of future tunnel life is
not possible due to unpredictable factors that can affect timber in-
tegrity such as wood decay or insect attack.

Since the tunnel will eventually fail, the question is not "whether"

it should be deactivated but "when" and "how" it should be deactivated.
If the contents of the tunnel must be removed, it should be deactivat-
ed as soon as is practical to ensure the tunnel is still structurally
sound during the removal operation. If the equipment is to be buried
in place, tunnel deactivation can be deferred to a later date depending
upon the burial method selected.

A deactivation study should be initiated to recommend whether the tunnel
contents must be removed or whether they can be buried in place. This
study should be completed within two years.
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CALCULATION OF
A
WORSE CASE-RADIATION EXPOSURE PROFILE

Calculate percent of original intearity

MOR of No. 2 Sample

MOR of New Wood x 100 =

65.4%

x 100

11,319
17,313

~J|

il

From Figure A-1, Total Exposure = 107-81 = 6,46 x 107 Rads.

As derived from information in HW-75978 (6), the basic relationship
for exposure from mixed gamma emitting fission products (K reactor
type fuel) follows the equation:

E=a+ bt-2:3 (Eq.1)

Where:

m
1]

Exposure in R/yr
b are constants

o

time in years (0<t<20)
The integrated form is:
TE=a (t 1) + 7% (1-t715) (Ea.2)

Where:

I}

TE = Total Exposure (R)

The No. 7 car was placed in the tunnel in 1962 assuming one year
aging of the fission products before burial:

t =Y - 1961 (Eq.3)
Where:
Y = Calendar Year

Two points exist:

In 1078 (t = 17) £ =121 ¥hr = 1.06 x 108 */yr
In 1980 (t = 19) TE = 6.46 x 107
35
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Substituting into Equation 1 and 2

1.06 x 10°

7)72+5 = a + 8.39 x 107%b
6.46 x 107 +

1
) 193-(1-19'1°5) = 18a + 0.659b

I
o
—~ 4+
—
O T
t
=~

Solving simultaneously

a=1x10° b =7.07 x 107
Substituting into Equation 2

TE = 1 x 108 (t-1) + 4.71 x 107 (1-t71-5)
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TIMBER
PRODUCTS
INSPECTION August 21, 1980

Rockwell Hanford Operations

Energy Systems Group

P.0. Box 800

Richland, Washington 99352

Attention: Mr. Greg Silvan

RE: 80-432 Rockwell International

Sample - 3 - Douglas Fir Wood cores, 4 in. diameter, marked #"1", #"'2" and #"3".
To compare static bend tests and compare with specie averages.

SCOPE_& PROCEDURES

The grain direction is across the 4 inch diameter of the samplie. To determine
the bending strength of the lumber it was tested in two ways.

A static bend, center load, was run on roughly 3/4 inch square specimens, 3%
inch span, four from each piece. These were compared with similar control
specimens from sawn lumber of similar density, ring count, and moisture
content. Static bends using official procedure for ASTM D-143, 3/4" x

3/4" - 14" span was then run on specimens from the sawn lumber. A factor
between the MOR from the D-143 sample and the 3% inch span sample was
developed from the sawn lumber control and applied to the three samples

from the core samples submitted by Rockwell.

Specimens were then cut from the cores in accordance with ASTM-D-805. This
procedure is for testing veneer, but provides an official bend test for very
short specimens.

Results of the two tests follow:

Control - 5 Rings/inch - ASTM-D-143-Static Board-Average MOR-13,886 PSI
30% Summer wood - 12% M.C.

Control - 3/4 inch square specimens, 3% inch span - Static Board-Average
MORE-7,005 PSI-.48 sp growth

RATIO - 13,886/7005=1.982

P.O. Box 919 - Conyers, GA 30207 - (404)922-8000
P.O. Box 17246 - Portland, OR 97217 - (503)285-3631
4805 University Ave., N.E. - Minneapolis, MN 55421 « (612)566-3160
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ROCKWELL
SAMPLES STATIC BEND SAME SPECIMENS STATIC BEND-Per ASTM-D-805
Ring Count 3/4" Sq. Specimen Times 1.982 .2 x 2in. x 3.5
% Summer Wood 3%" Span ’ Calculate 3%" Span
MOR MOR MOR MC  DENSITY
#1-5 Ring/In.-30% 6167 PSI 12,226 PSI 12,679 PSI 12% .6 Spg

#2-3 Ring/In.-20-25% 5713 PSI 11,325 PSI 11,312 PSI 12% .6 Spg
#3-5 Ring/In.-20-25% 8492 PSI 16,834 PSI 16,814 PSI 12% .6 Spg
Control 5 Rings/In. 30% 7005 PSI 17,313 PSI 12% .58 Spg

AVERAGE - published MOR for Douglas Fir @ 12% M.C.
.48 aver Spg - 12,000 PSI

DISCUSSION

The average clear wood value for Douglas Fir as a specie includes wood more
and less dense than these samples and control. The control, and sample #1
and #3 were above average Douglas Fir density. The values for #1 and #3

and the control are above the specie average strength values, which is to be
expected of clear wood above average density. Sample 2 has lower ring count
and Tower percentage summer wood (the brown dense layer) than the other two
samples, and therefore may be expected to have lower strength than the other
two samples and the control. Sample #1 and #3 appear to be very similar
wood. While so small a sampling leaves some questions, there is an indication
that there may have been an environmental influence on sample #1 and #2.
Regardless, all three samples test within strength range for specie
requirements.

The two procedures used to determine the bending strength provide substantial
agreement.

Submitted - August 21, 1980
TIMBER PRODUCTS INSPECTION

% J- W S,

artin-Sr. - P.E.
Techn1cal Director

Encl.

GLM/ss
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Internal Letter ‘ ‘l‘ Rockwell International
Date’ .  September 16, 1980 No . 65431-80-154
TO {Name Organization Inte:na’ Address FROMi (Name Q:gan:2a':on, interna: Aggaress. Pho~¢:

G. R. Silvan - 1. Kawakami .

Purex Process Control - Engineering Mechanics

202-A, 200-E © MO-043, 200-E

© 3-3242

Subject: . Summary Report - Integrity of the Purex Number 1 Burial
Tunnel (218-E-14)

The subject report has been reviewed; comments are as follows:

1. The ASTM-D-805 standard, used by Timber Product Inspection, Inc.
for the static bending test for the Douglas Fir wood core
sample, has been discontinued and replaced by ASTM-D-3499,
D-3500, D-3501, D-3502, and D-3503.

The values of Modulus of Rupture shown in the test report
seem rather high compared with the average published values
in ASI/ASTM D-255-78.

The variations in the tested mechanical properties could have
resulted from using testing procedures differing from those
recommended.

2. An accurate prediction of the existing tunnel life is very
difficult due to the various factors affecting the strength
of the wood, such as knots, deviation of wood grain, shakes,
and checks, all differing in their effect, depending on the
kind of loading and stress to which the piece is subjected.
The tunnel's 1ife prediction will also be affected by the rate
of loading and the period of time over which the load is sus-
tained.

Under long-time loading, timber beams have been known to fail
at stresses only slightly greater than 50 per cent of the
. ultimate strength as given by test in which the load was
~applied within a few minutes. For compressive stress parallel
to the grain, failure under Tong-time loading may occur at about
the proportional 1imit stress obtained from short duration tests.

It is recommended that all these factors be considered for your
final report.

If you have any further questions; please contact the writer.

<=Q_ f%%yﬁlfé,a>r*t4;/

I. Kawakami
Engineering Mechanics

IK/mmw
CC: @b, L. BeckerM R. D. Carrell
D. E. Braden I. Kawakami (2)
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Internal Letter ‘l‘ Rockwell International
Date. November 12, 1979 No . 65431-79-080
TO: fName. Organization. Internai Adoress) FROM: (Name, Qrganization Interna’ Address Phone)

. G. K. Carpenter . G. R. Wagenblast

. Purex Operations . Engineering Mechanics

. 202A, 200 East . 2750-E/M0-043, 200 East

2-1047

Subject: . Evaluation of Purex No. 1 Burial Tunnel
Ref: Engineering Service Request P67-79

An evaluation of the structural integrity of the timbers in the 218-E-14
Purex number 1 railroad tunnel has been completed. The soil loads

due to eight feet of earth cover were found to produce stresses in
excess of current design limits. The stresses, however, are expected

to be below the ultimate stress levels. The tunnel is not expected

to be in any danger of collapse.

The following comments are in direct response to the questions raised
in the reference ESR.

1. The amount of structural strength that may be lost before the
tunnel will collapse is unknown. The current design stress
limit has an average safety factor of 2.5. The actual safety
factor, however, will vary from 1.25 to 5.

2. If an individual timber were to fail it would be from bending
stresses. The beam would crack at mid span which would allow
excessive deflection. As the beam deflects, the soil load
would be transferred to the adjacent timbers. Collapse of
the tunnel would not occur.

3. A four inch hole in a twelve inch wide beam will reduce its
strength by one third. A hole that is located in an area of
the beam that is subjected to low stresses will not adversely
effect the capability of the beam to withstand the soil loads.

Any number of four inch diameter holes will not reduce the
capability of the timbers, so long as they are located a
minimum of three feet and a maximum of six feet from the tunnel
center line.

If you have any questions, please call me on 942-1047.

ooy 0 Wagrlbos

G. R. Wagenblast
Engineering Mechanics

GRW/Tka

cc: D. L. Becker
G. R. Silvan

54.6000-030
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‘ E M- PuRex-00S~

Internal Letter Rockwell International

Date. November 12, 1979 No . 65431-79-080
TO: ‘Neme Organ:zation, Interpal Address) FROMZ (Name, QOrganization Interna’ Aadress Phone)
. G. K. Carpenter . G. R. Wagenblast
. Purex Operations . Engineering Mechanics
. 202A, 200 East . 2750-E/M0-043, 200 East
2-1047

Subject: . Evaluation of Purex No. 1 Burial Tunnel
Ref: Engineering Service Request P67-79

An evaluation of the structural integrity of the timbers in the 218-E-14
Purex number 1 railroad tunnel has been completed. The soil loads

due to eight feet of earth cover were found to produce stresses in
excess of current design limits. The stresses, however, are expected

to be below the ultimate stress levels. The tunnel is not expected

to be in any danger of collapse.

The following comments are in direct response to the questions raised
in the reference ESR.

1. The amount of structural strength that may be lost before the
tunnel will collapse is unknown. The current design stress
limit has an average safety factor of 2.5. The actual safety
factor, however, will vary from 1.25 to 5.

2. If an individual timber were to fail it would be from bending
stresses. The beam would crack at mid span which would allow
excessive deflection. As the beam deflects, the soil load
would be transferred to the adjacent timbers. Collapse of
the tunnel would not occur.

3. A four inch hole in a twelve inch wide beam will reduce its
strength by one third. A hole that is located in an area of
the beam that is subjected to low stresses will not adversely
effect the capability of the beam to withstand the soil loads.

Any number of four inch diameter holes will not reduce the
capability of the timbers, so long as they are located a

minimum of three feet and a maximum of six feet from the tunnel
center line.

If you have any questions, please call me on 942-1047.

oy 10 Wagin e

G. R. Wagenblast
Engineering Mechanics

GRW/1ka

cc: D. L. Becker
G. R. Silvan

54-6000-030

- A-123



CHPRC-03325, DRAFT A
JUNE 2017

This page intentionally left blank.

A-124



CHPRC-03325, DRAFT A
JUNE 2017

Attachment 3

Photograhic Timeline of the PUREX Storage Tunnels
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PUREX STORAGE TUNNELS

218-E-14 - TUNNEL NoO. 1

218-E-15 - TUNNEL NO. 2
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TUNNEL NoO. 1
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Description

Photo/Document

August, 1955

Construction proceeding.

August, 1955

September, 1955

October, 1955
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November, 1955

November, 1955

A-129




CHPRC-03325, DRAFT A
JUNE 2017

December 1955

Construction Complete

Assumed circa 1960

Tunnel No. 1 construction
complete and in service.

June, 1960
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TUNNEL NO. 2
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Description

Photo/Document

November, 1963

Construction proceeding.

20 January, 1964

Inspection finds 32 broken
butt-angle gusset-plate welds
over approximately 600 linear
ft of metal arch tunnel.

Prior to this inspection,
objections had been raised over
the manner of backfilling,
using 2 D-9 Caterpillar
bulldozers to push soil down
on the sides of the arch tunnel,
“Imposing a load on the sides
of the tunnel wall(s)”” with the
weight of the machines
projecting into the arch load
zone.
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22 January, 1964

Approximately 1030 hrs, 75
linear feet of tunnel collapsed.

Sections of the arch tunnel that
had been backfilled before the
collapse showed flattening of
the tunnel sides.

30 January, 1964

Began removing approximately
5 feet of backfill from each
side of the arch tunnel.
Measurements were taken, and
showed no significant recovery
of the tunnel walls.

Four more feet of backfill were
removed; the maximum
observed recovery was less
than 2 inches.
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15 February, 1964

New backfill method begun. A
drag-line was used to place fill
on the top of the arch tunnel to
distribute the load
concentrically. The fill spilled
down the sides of the arch.
The angle of repose of the
walls was reduced, and
bulldozers used to push large
piles of soil along the sides of
the excavation were kept away
from the edge. Concentric
loading was observed and
measured. However some
deflection was still observed
occurring in one portion of the
tunnel after 2 days, and the
backfill over that section was
removed.

Backfilling of the arch tunnel
using this method continued.

2 March, 1964

Approximately 1000 hrs,
approximately 68 linear feet of
the rib & pan portion of the
tunnel collapsed. Damage was
found along both east & west
weldments and footings.

At the time of the collapse,
drag-line backfill operations
were occurring some distance
in “front” of the collapse
section, and on one side of the
tunnel. The east side collapsed
first.

Note — Bottom photograph
includes a section of collapsed
tunnel and a D9 CAT
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DWG release dates
suggest a “re-design”
effort had been
established.

Tunnel No. 2 was
excavated, and internal
lateral structural I-beams
were installed.

H-2-58194 REV 0 Release date of 9/1962 (Approved for Construction)

Photos show that in January 1964 Tunnel No. 2 is being buried without internal (I-
Beam) supports

H-2-58194 REV 2 Release date of 4-9-1965 PER VITRO Engineering
H-2-58737 REV 0 Release date of 4-24-1964
H-2-58532, H-2-58533 Release date 6-17-1964

January thru march 1964
excavation

N/A

On July, 1964
construction of external
footings to support whaler
and cross member arch
supports are installed

On August thru
November, 1964
construction of external
whaler and cross member
arch supports are installed
as concrete forms are
placed into position

A-134




CHPRC-03325, DRAFT A
JUNE 2017

On August, 1964
additional internal
structural I-beams and tie
bars are placed into
position and installed
inside of Tunnel No. 2

On November, 1964 a
drag line is utilized to
bury the modified Tunnel
No. 2
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Assumed circa 1966

Tunnel No. 2 construction
complete and in service.
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Attachment 4

CHPRC-03241, PUREX Burial Tunnels
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CHPRC-03241
Revision 0

PUREX Burial Tunnels

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

Contractor for the U.S. Department of Energy
under Contract DE-AC06-08RL14788

P.O. Box 1600
Richland, Washington 99352

Approved for Public Release;
Further Dissemination Unlimited
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PUREX Burial Tunnels

Document Type: RPT

M. A. Maloof
CH2M HILL Plateau Remediation Company

Date Published
March 2017

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

Contractor for the U.S. Department of Energy
under Contract DE-AC06-08RL14788

P.O. Box 1600
Richland, Washington 99352

APPROVED

By Lana Perry at 4:40 pm, Apr 20, 2017

Release Approval Date

Approved for Public Release;
Further Dissemination Unlimited
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CHPRC-03241
Revision 0

TRADEMARK DISCLAIMER

Reference herein to any specific commercial product, process, or service by
tradename, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof or its contractors or
subcontractors.

This report has been reproduced from the best available copy.

Printed in the United States of America
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PUREX BURIAL TUNNELS

218-E-14 — TUNNEL No. 1 218-E-15 — TUNNEL No. 2
(NOVEMBER, 1955) (JANUARY, 1964)
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Since 1955 some things on site (at Hanford) haven t changed all that
much.. =
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VA4

TUNNEL NO.

Constructed 1954-1956
358 Ft. Long

Wood Construction
Capacity 8 RR Cars
Service Life 1956-1965
Filled in 1965 & CLOSED
Ventilated till 1996

1 CONFIGURATION

SOIL OVERBURDEN

«—REINFORCED
wooo CONCRETE
SECTION AA
\—son_
OVERBURDEN
WOOD

SECTION BB

CHPRC-03241, Revision 0
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TUNNEL NO. 1 INVENTORY

Table 1: PUREX NO. 1 BURIAL TUNNEL

Burial Burial

Car No. Date
1&2 6-60
3 7-24-60
4 12-24-60
5 1-4-61
6 4-21-61
7 2-8-61
8 1-22-65

Contents

HA Separations Column
Box of Misc. Jumpers

E-F11, 1WW Waste
Concentrator

G-E4 Centrifuge

Two Concentrator Tube
Bundles

Box of Misc. Jumpers

E-H4, 3WB Concentrator

E-F6, 2WW Waste
Concentrator

E-F11, 1WW Waste
Concentrator

E-F6, 1WW Waste
Concentrator

INVENTORY

Initial
Dose
Rate

5 r/hr @ 60”

12.5 r/hr @ 100~

1.5 r/hr @ 150~

150 mr/hr @ 507

5 r/hr @ 20’

25 r/hr @ 150~

Unrecorded

CHPRC-03241, Revision 0
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CHPRC-03241, Revision 0

HNF-SD-EN-WAP-007, Rev. 4

Table 1. PUREX Storage Tunnels Inventory. (sheet 1 of 4)

PUREX #1 STORAGE TUNNEL (218-E=
TURNEL IS AT TS CAPACITY AS OF 1/22/85 <

PUREX §1 Storoge Tunnel is Jocated of the southeost end

of ihe FUREX Flond ond is on extention of the roiroad tunnel.
The sidrege orec is cpproximately 109 meters long, 5.3 melers
high ond 5.8 meters wide, The tracks hove o ane percent down=
grede fowerd the seuth end of the tunrel. The copoeity of the
Storage Tunnel is eight modified railrood cors, 12.8 melers leng.

1,42, - HA COLUMN AND WISC JULPERS N BOX
PLACED 1N TUMNEL #1 ON B/ED
HA 4,700 CU. #T.. 400 CURIES, 5 rem/hr, @ 60,
- JUMPRS 2,180 CU1. FT., 2,000 CURIES. Pb — ~115 Kg.

3. E=rl it m WASTE ) DONCENTRATOR FALED 772460 . : -
-+ PLACED B TUMMEL {1 0N 7/23/60, 12.5 rem/he. @ 100,
1500 Ol FT., €0, D)3 CURES AFFER FETY-FIVE MONTHS SERACE. .
4. G2 CENTRFUGE MIST JUMPERS H EQY AND TWD TUSE BUNDLES.

PLACED 1K TUKNEL 1 OH 12/24/560 (FUS SCRF 762
2,465 CU, FT., 3,030 CURIES, n"‘- ~EF:‘; 5. 15 u!w,e 150", =
5 - E=H4 (Mq LONCONTRATOR FALED 1/4/61, -
. FLACED IN TUNKEL §1 ON 1,/4/B1, 150 mrem/hr, @ 507,
2,335 CU. FT., 1,000 CURIES, ATER TWE TEARS SERVICE. -
5. - [-T& [TWH WAGTE) DRGAUL COMINTRAIOR FAED 4721761,
PLACED B TUSHAL {1 00 4721761, 5 rem/hr, @ 207,
2338 (i, FT. 109 CURIES. ATTIR FIVE YEARS FOUR WONTHS SERWCE.
7. - L-FI1 (e wm:} F2 CORCERTRATOR FALED 2/1/62, .
PUICED N TUHEL {1 ON 2/8/52, 25 tem/foe. @ 157,
2335 CU. FT.. 40.000 CURIES. HTER DTS STRATE
B, = E-F8 (7we WiSTE ) §3 SPARE CONCINTRATOR FALED 5/23/64.
© T PLACED I TUNKEL F1 DN 1/22/65 FLAT CRR 3821, ﬁ

2,400 CU, FT., 700 CURES, § rem/fhe, @ 20%

570324.1118 T-1.1
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CHPRC-03241, Revision 0

1996 — TUNNEL NO. 1 HVAC
DEACTIVATED

2016 - TUNNEL NO. 1 HVAC STACK
CURRENT CONFIGURATION
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TUNNEL NO. 2 CONFIGURATION

Constructed 1964-1966

1688 Ft. Long

Steel & Concrete

Capacity 40 RR Cars

Service Life 1966-1996 & Deactivated
Current Inventory 28 RR Cars
Ventilated till 1996

SECTION CC

CHPRC-03241, Revision 0

REINFORCED
CONCRETE BEAMS
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ADDITIONAL SUPPORT NOT PRESENT
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PROCESS IMPROVEMENT REGARDING BACKFILLING PROCEDURE

CHPRC-03241, Revision 0

V 14v¥a ‘GZE€E0-08dHD

210 ANNr



161V

CHPRC-03241, Revision 0

50

V 14v¥a ‘GZE€E0-08dHD

210 ANNr



CHPRC-03241, Revision 0

TUNNEL NO. 2 INVENTORY

26L-v

HNF -SD-EN-WAP-007, Rev. 4 HNF-SD-EN-WAP-007, Rev. 4

Table 1. PUREX Storage Tunnels Inventory. (shest 2 of 4) Table 1. PUREX Storage Tunnels Inventory. (shest 3 of 4)

PUREX #2 STORAGE TUNNEL (218-E~15)
PUREX §2'Storegs Tunnel is locoted ot the southeast end
. of the PUREX. Plont ond is on exienlion of the reilrood lunnel. )
- The storage ereo is opproximotely 514.5 melers long, 7.9 meters . . )
high ond 10.4 meters wide, The trocks hove o one’percent down— PUREX §2 STORAGE TUNNEL (218-E-15) .
grode towerd {he seulh end of the tunnel. The eopocily of the
Storoge Tunnel is 33-40 modified roilread cars, 12.8 melers long.
The Tonnel conteiny 21 cors os of /9 3

13, ‘s‘wﬂ‘ss&mmwm[, L 0 - ac:u.ms.u

- . ! . R-AY DUMFLR. GISS YOKE AND FLANGE PLATE, 3 rernfbry
pasttion - e oo 72/ o i o 250 . 1. 50 Evmes. s .
=) T e
S LR u-un au wws} O o 1439 TE 1 PUISER, 2-COUMN LATROGES, |- PR CUTIR, S-BAER
2,400 CLL T, 700 CUAES, 1.3 rembe. @ u»ﬂnm:u 3o ks T LR
e -
2. E-F5 f5 (E-F4 IWE) CONCONTRATOR, TG TUBE BUWDLES S A ok g v )k e
SLICED I8 TLREL i 3/25/£9 ON CAR MILW 60EES %ﬁi B e e CResEAT TR 12110-28-074),
2400 U FT. 500 CURIES, 600 rmrem/hr. & 2 o P~ ~2540 Kg Surem/he, B 15%
3. C-75 5 (2wH VASTE) CONCINTRRTON, TWD TUBE BUNDLES FALED . TE S AR £ AT 0 SRR £
BUACED 4 TR D 31570 04 Clx 317 - %ﬂ 1 P 351 P Tl O 118 0 0 s .
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Project Summary

Z;Or{_]eec_t PUREX Tunnel 2 Data Quality Objectives (DRAFT A) Date: 5-31-17
Name of Person Completing . . .
i Roger Ovink/CHPRC Position: DQO Tech. Authority
Record:
Name of Responsible Darin Corriell/CHPRC (Central Plateau S&M)
Manager:

Project Background (Step 1): The following information is summarized from HWS-8262, 1962, Specifications for
PUREX Equipment Disposal, General Electric Company, Richland, Washington; and Vitro, 1964, EQUIPMENT
DISPOSAL TUNNEL PUREX FACILITY INSPECTION REPORT, Vitro Engineering Company, Richland, Washington.
The summary attachments include these reports (Attachments A and B); CHPRC, 2017, Photographic Timeline of the
PUREX Storage Tunnels (Attachment C); a complete list of references (Attachment D); and CHPRC-03241, Rev. 0,
PUREX Burial Tunnels, March 2017 (Attachment E).

PUREX Storage Tunnel 2 is permitted as a miscellaneous unit under WAC 173-303-680, “Dangerous Waste
Regulations,” “Miscellaneous Units.” It is used to store mixed waste from the PUREX Plant and other onsite sources.
Tunnel 2 is isolated from the railroad tunnel by a water-fillable shielding door. In general, the mixed waste stored in the
tunnel is encased or contained in carbon or stainless steel plate, pipe, or vessels for shielding and to facilitate placement of
the waste on railcars and ultimate storage inside the tunnel. The exterior of each tunnel is inspected annually via a visual
perimeter walkdown to ensure the fences and warning signs are present and in good condition, and to identify any
obvious changes to the tunnel overburden condition. No interior inspections of the tunnel are performed, but daily
inspections of the tunnel have been required since the Tunnel 1 partial collapse was discovered on May 9, 2017.

Tunnel 2 construction began in early 1963 and was completed in late 1964. In January 1964, backfilling was halted when
75 linear feet of the tunnel structurally collapsed, and in the next 3 months a second, similar collapse occurred.
Engineering evaluated legacy photos (Attachment C, page 6) and documents and concluded these collapses were due to a
combination of weld failures, the backfilling procedure, and inadequate structural support. Between March and

July 1964, efforts to “redesign” the structural supports of Tunnel 2 and modify the backfilling procedure were
implemented. In the spring of 1964, efforts were focused on excavating all sections of tunnel that had been covered,
installing internal 1-beams along the longitudinal axis of the tunnel, installing reinforced concrete footings, and adding
about 106 rib sections (whale arches) that were tied into the internal I-beams. All exposed steel surfaces were coated
with a coal-tar-based bituminous solvent (PER MIL SPEC MIL-C-18480) to prevent corrosion from moisture. The
Tunnel 2 water-fillable door, storage area, and vent shaft descriptions are as follows:

e The Tunnel 2 water-fillable door is essentially identical to the Tunnel 1 door, and since March 1997 the Tunnel 2
door has been empty because the added shielding provided by water as no longer required.

e The storage area is 514.5 m (1,688 ft) long, 7.9 m (25.9 ft) high, and 10.4 m (34.1 ft) wide. Because of the
arch-shaped cross-section of this tunnel and the entry clearance at the water-fillable door, the height and width of
Tunnel 2 are not the same as Tunnel 1. The storage area includes a 10.4 m (34.1 ft) diameter, corrugated steel sheets
(0.5 cm [0.18 in.]), semicircular roof that is supported by internal 1-beams attached to external, reinforced concrete
whale arches on 4.8 m (16 ft) centers. The concrete whale arches are 0.4 m (1.3 ft) thick and vary in width from
0.4to 1.8 m (1.3 t0 5.9 ft). The base on each side of the roof structure is composed of reinforced concrete beams that
are about 1.8 m (5.9 ft) wide by 1.2 m (4 ft) thick and run the full length of the tunnel. The interior and exterior
surfaces of the steel roof are coated with a bituminous compound to inhibit corrosion, but have no cathodic
protection. The floor consists of a railroad track laid on a gravel bed, with the space between the ties filled with
gravel ballast. From the ends of the 2.4 m (8 ft) railroad ties, the earth floor slopes upward to a height of about 1.8 m
(5.9 ft) above the railroad bed to the base of the sidewalls. The tracks have a 1% downgrade toward the south end of
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the tunnel to ensure the railcars remain in their storage positions. A railcar bumper is 2.4 m (8 ft) from the end of the
tracks to act as a stop. The storage area is covered with 2.4 m (8 ft) of overburden as protection from the weather and
as shielding. The capacity of the storage area is 38 to 40 railcars (each 12.8 m (42 ft] long). As of June 1996,

Tunnel 2 contained 28 railcars (70% full).

e An exhaust fan is connected to a filter and vent shaft at the south end of Tunnel 2. The reinforced concrete vent shaft
is 0.46 m? (5 ft?) and about 9 m (31 ft) deep. In 1996, this ventilation system was deactivated, blanked, and
abandoned in place.

Construction of Tunnel 2 differs from Tunnel 1 as follows:

e A combination of steel and reinforced concrete was used in the construction of the storage area for Tunnel 2 rather
than the wooden timbers used in the Tunnel 1 walls and roof.

e Tunnel 2 is longer, with about five times the storage capacity of Tunnel 1.

e The floor of Tunnel 2, outboard of the railroad ties, slopes upward to a height of about 1.8 m (5.9 ft) above the
railroad bed to the base of the sidewalls, while the Tunnel 1 floor is flat all the way out to the sidewalls.

Step 1: Planning Type:
(If systematic planning is not required, state the reason)

Modified External DQO Planning (includes Draft A submittal and briefing for the Washington State Department of
Ecology).

QOrganization, Schedule, and Goal
(State the problem, requirements, schedule, PSQs, and outcomes)

Step 1: State the Problem

(Describe the reason/need for data collection and project goals/objectives)

The initial arched roof design for Tunnel 2 was not adequate and collapsed in 1964 during overburden placement
(Attachment C, pages 6 & 7; Attachment E, page 33). The tunnel structure was redesigned to add external and internal
support (Attachment E, pages 34-51). However, the design basis for this re-engineering effort has not been located, so
the Tunnel 2 strength (capacity) and failure risk have not been determined. Tunnel 2 has not been evaluated for structural
integrity because the materials used to re-construct it included reinforced concrete whaler arches, engineered steel wide-
flange beams, and 1/8 in. corrugated steel coated with a bituminous coal-tar corrosion inhibitor. The inherent nature of
these materials, plus a re-engineered geometry that enhances structural integrity, provided a more robust structure.

The primary concerns for Tunnel 2 are that the materials used to construct it surpassed their 50-year life expectancy in
2014, and its steel and concrete components continue to be susceptible to structural damage through exposure to
radiation, moisture from condensation or precipitation, electrochemical corrosion, metal surface coating breakdown,
dissimilar metal reactions, anchor rod corrosion, concrete weathering or cracking, and alkali-silica reactions. Tunnel 2
instability could compromise its content and human health and the environment (HHE) protection, require facility
surveillance and maintenance (S&M) updates, limit Resource Conservation and Recovery Act of 1976 (RCRA) closure
options, and accelerate closure activities.

Based on past study findings, Tri-Party concerns, and readily available information, a structural evaluation of Tunnel 2 is
needed to establish if its structural integrity has become compromised and determine its structural strength and failure
risk. The study results must support tunnel decisions and activities, including the following:

e S&M method-activity requirements

e Stored waste and HHE protectiveness
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Step 1: State the Problem
(Describe the reason/need for data collection and project goals/objectives)

e Present structural strength (capacity) and failure risk

o Present condition failure mode effects analysis (FMEA) model to evaluate tunnel responses to structural degradation
and potentially damaging events (e.g., earthquakes, major thunderstorms, heavy snowfall).

PSQ 1 |Is Tunnel 2 concrete and steel being PSQ 5 | Will the data gathered to answer
degraded by moisture (e.g., concrete PSQs 1-4 be sufficient to evaluate the
decay or steel corrosion) or radiation? strength and failure risk of Tunnel 2?
Princioal PSQ 2 |Is the present Tunnel 2 steel and PSQ 6 | Will the data gathered to answer
pal Study .. o . L
Questions concrete condition sufficient to continue PSQs 1-4 be sufficient to conduct a
Step 2 supporting the overburden (8 ft)? FMEA model for Tunnel 2?
(What questions | PSQ 3 |Is “arching” (overburden soil forming an | PSQ 7 | Are current surveillance practices
Z;esv‘ﬁtr‘?,)“eeded 0 arch, via settling, around the structure) sufficient to ensure Tunnel 2
' occurring with the Tunnel 2 overburden? protectiveness and structural integrity?
PSQ 4 |Is the 2.4 m (8 ft) overburden still PSQ 8 | Are current maintenance practices
needed to provide radiation shielding for sufficient to ensure Tunnel 2
the Tunnel 2 stored waste? protectiveness and structural integrity?
AA 1A | Tunnel 2 concrete and steel are being AA 5A | The data gathered to answer PSQs 1-4
degraded by moisture (e.g., concrete will be sufficient to evaluate the capacity
decay or steel corrosion) or radiation. and failure risk of Tunnel 2.
AA 1B | Tunnel 2 concrete and steel are not being | AA 5B | The data gathered to answer PSQs 1-4
degraded by moisture (e.g., concrete will not be sufficient to evaluate the
decay or steel corrosion) or radiation. capacity and failure risk of Tunnel 2.
AA 2A | Present Tunnel 2 steel and concrete AA 6A | The data gathered to answer PSQs 1-5
condition is sufficient to continue will be sufficient to conduct a FMEA
supporting the 2.4 m (8 ft) overburden. model for Tunnel 2.
Define AA 2B |Present Tunnel 2 steel and concrete AA 6B | The data gathered to answer PSQs 1-5
alternative condition is not sufficient to continue will not be sufficient to conduct a FMEA
thti%?]n;?ﬁ;r supporting the 2.4 m (8 ft) overburden. model for Tunnel 2.
can occur upon | AA 3A Arching is occurring with the Tunnel 2 | AA 7A | Current surveillance practices are
answering overburden. sufficient to ensure Tunnel 2
PSQs. Step 2 protectiveness and structural integrity.
AA 3B | Arching is not occurring with the AA 7B | Current surveillance practices are not
Tunnel 2 overburden. sufficient to ensure Tunnel 2
protectiveness and structural integrity.
AA 4A | The 2.4 m (8 ft) overburden is needed to | AA 8A | Current maintenance practices are
provide radiation shielding for the sufficient to ensure Tunnel 2
Tunnel 2 stored waste. protectiveness and structural integrity.
AA 4B | The 2.4 m (8 ft) overburden is not AA 8B | Current maintenance practices are not
needed to provide radiation shielding for sufficient to ensure Tunnel 2
the Tunnel 2 stored waste. protectiveness and structural integrity.
Page 3 of 8 A-6006-889 (REV 1)
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Characterization Data Collection Planning Record

has not been forgotten.

Identify the
decision

statements or

estimation

statements needed
to address the
PSQs. (Step 2)

DS-1: Tunnel 2 concrete and steel are/are not being degraded by moisture (e.g., concrete decay or
steel corrosion) or radiation.

DS-2: The present Tunnel 2 steel and concrete condition is/is not sufficient to continue supporting
the overburden (2.4 m [8 ft]).

DS-3: Arching is/is not occurring with the Tunnel 2 overburden.

DS-4: The 2.4 m (8 ft) overburden is/is not still needed to provide radiation shielding for the
Tunnel 2 stored waste.

DS-5: The data gathered to answer PSQs 1-4 will/will not be sufficient to evaluate the strength
and failure risk of the Tunnel 2 steel and concrete structural components.

DS-6: The data gathered to answer PSQs 1-4 will/will not be sufficient to conduct a Tunnel 2
FMEA model to evaluate structural responses to decay, corrosion, and potentially damaging
events (e.g., earthquakes, major thunderstorms, heavy snowfall).

DS-7: The current surveillance practices are/are not sufficient to ensure Tunnel 2 protectiveness
and structural integrity.

DS-8: The current maintenance practices are/are not sufficient to ensure Tunnel 2 protectiveness
and structural integrity.

Data Needs
(Define the spatial and temporal boundaries of the study)

Step 4: Define what constitutes a sampling unit:
The entire tunnel storage area (e.g., steel and concrete structural components, corrugated steel sheets, bituminous steel

sheet coating, I-beams, welds, U-bolts, whale arches, footings, and overburden). It may not be possible to collect
samples from Tunnel 2 due to the structural instability of the unit.

Step 4: What is the smallest unit upon which decisions or estimates will be made?
Individual steel and concrete connections and locations where structural degradation through radiation, moisture,

electrochemical corrosion, lack of metal surface coating integrity, dissimilar metal reactions, anchor rod corrosion,
concrete weathering, concrete cracking, and alkali-silica reactions may be occurring.

Data Needs Summary Step 3

(Information inputs to answer PSQs: target population, characteristics of interest, spatial and temporal limits, scale of inference)

Media of Sampling | Sampling Action Number of Practlgal Analytical Potential
PSQ Data Need . Sampling Data
Interest Location | Approach Level Samples : Approach
Constraints Sources
PSQ 1 Quter tunnel Concrete & Outer tunnel | Visuals for >30% of 3+ locations Worker safety; | Visualsand | New field
structural steel (whaler storage area corrosion observations are overburden photos to visuals-photos
material (steel | arches, (steel) or signs | corroded (steel) excavation document (old photos not
and concrete) foundations, of decay or or show decay could damage | steel and useful for
condition and steel sheet- failure (steel | or failure (steel tunnel steel concrete current
whaler arch and concrete) |and concrete) sheets and condition conditions)
joints) concrete
PSQ 1 Inner tunnel Steel sheet Inner tunnel Visuals for >30% of 2+ locations (2 | Access (riser Visuals and | New field
structural (walls & storage area corrosion observations are | risers nearest | cover removal, | photos to visuals and
material ceiling) and (risers nearest | (steel) or signs | corroded (steel) | the door) worker safety document photos (old
condition concrete the door) of decay or or show decay for cameraand | steel and photos not
footings failure (steel | or failure (steel other instrument | concrete useful for
and concrete) | and concrete) operations) condition current
conditions)
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Data Needs Summary Step 3

(Information inputs to answer PSQs: target population, characteristics of interest, spatial and temporal limits, scale of inference)

Media of Sampling | Sampling Action Number of Practlgal Analytical Potential
PSQ Data Need - Sampling Data
Interest Location | Approach Level Samples . Approach
Constraints Sources

PSQ 2 Outer and inner | Concrete and Inner and Visuals for >30% of 5+ (PSQ 1 & 2 | Same as PSQs 1 | Estimate if New field
tunnel steel & | steel sheet outer storage | corrosion observations are | locations) &2 tunnel visuals-photos;
concrete components area (steel) or signs | corroded (steel) component | new estimates
condition (whaler arches, of decay or or showing strength of structural
(regarding the foundations, failure (steel | signs of decay (based on strength; new
ability to and steel sheet- and concrete) | or failure (steel condition) PSQ3&4
support 2.4 m | whaler arch and concrete) can reliably | estimates of
[8 ft] joints) support the | soil arching
overburden) overburden | and shielding

needs

PSQ 3 Overburden soil | Overburden Outer storage | Overburden Low soil shear |3+ locations | Worker safety; | Geotechnical | New
“arching” material (soil) |area soil sampling | strength = poor | (same areas as | overburden soil | testing overburden
potential overburden (boringsand | arching PSQ 1 [outer] |sample (physical, soil arching

test pits) potential visual collection mechanical, | potential
locations) restrictions and arching | estimates
properties)

PSQ 4 Current inner Tunnel 2 stored | In-tunnel Inner tunnel Direct radiation | 2+ locations (2 | Worker safety; | Field survey | New dose
Tunnel 2 waste, storage | storage area radiation dose | exposure level | risers nearest | tunnel access instruments | estimates; new
radiation area steel & (near the measurements; | criteria the door) (manhole cover | for radiation | soil shielding
estimates, concrete, and door); storage | initial waste removal); dose needs; new
isotope decay | overburden soil |area inventory availability of | estimates decay calcs;
rates, and overburden data; data and pertinent data historical
overburden information and information records (initial
shielding from historical from historical dose and
properties records records inventory)

PSQ5 Data and Steel, concrete, | See PSQs 1-4 | See PSQs 1-4 | See PSQs 1-4 | See PSQs 1-4 | See PSQs 1-4 Strength and | New strength
information and overburden failure risks; |and failure risk
collected for soil arching and | results; new
PSQs 1-4 shielding arching

influence on | probability;
overburden | new shielding
needs needs

PSQ 6 Data and Steel, concrete, | See PSQs 1-4 | See PSQs 1-4 |See PSQs 1-4 | See PSQs 1-4 | See PSQs 1-4 FMEA New FMEA
information and overburden modeling model results
collected for soil
PSQs 1-4

PSQ 7 Current Steel, concrete, | Exterior of Light >5c¢cm Monthly to Weather Digital Stationary,
surveillance and overburden | tunnel Detection And | subsidence over | quarterly analysis; satellite,
practices, data | soil overburden Ranging >2 m? area compared helicopter, or
and evaluation surfaces (LIDAR) flyover-to- drone flyovers
results from flyover with combined
PSQs 1-6 LIDAR and

global
positioning
system
assessment

PSQ 8 Current Steel, concrete, | Exterior of LIDAR >5cm Monthly to Weather; entry |See PSQ7; |[SeePSQ7;
maintenance and overburden | tunnel subsidence, quarterly; one- | restrictions photo-video | photo-video
practices, data | soil overburden over >2 m? time entry (S&H) and evaluation (if | evaluation (if
and evaluation surfaces; area, steel sheet equipment entry entry
results from limited tunnel corrosion, weld approved) approved)
PSQs 1-6 interior failure, concrete

decay, etc.

Performance or Acceptance Criteria

(Determine the quality of data needed and analytical approach)
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Provide a decision rule related to the Action Level identified above that includes a clear “if...then...else” statement:
Step 5: Decision rules (DRs) are related to the previously identified PSQs and decision statements in Step 2 and
add applicable Action Levels that are included in clear “if...then...otherwise” statements:

DR-1: If the data show that Tunnel 2 concrete and steel have been degraded by radiation or moisture (decay and
corrosion), then the tunnel degraded capacity would be identified and a determination made if it is unstable and
protection of the tunnel contents and HHE could be compromised. Otherwise, Tunnel 2 structural stability would
be indicated, but enhanced S&M activities are likely needed to ensure continued stored waste and HHE protection.

DR-2: If the data show that the present Tunnel 2 steel-concrete condition is sufficient to continue supporting the
overburden (2.4 m [8 ft]) , then no changes to the overburden thickness would be needed. Otherwise, determine
how much weight Tunnel 2 can presently support and if reduced overburden thickness would protect the stored
waste and HHE, and possibly improve Tunnel 2 structural stability.

DR-3: If the geotechnical data show that arching is occurring with the Tunnel 2 overburden, then the strength
(capacity) of the tunnel may be sufficient to support the overburden. Otherwise, determine how much weight
Tunnel 2 can support and if lesser overburden requirements would protect the stored waste and HHE, and possibly
improve Tunnel 2 structural stability.

DR-4: If the data show that 2.4 m (8 ft) overburden is required to shield the Tunnel 2 stored waste and the tunnel
strength is sufficient to support the overburden, then no changes to the overburden thickness would be evaluated.
Otherwise, determine how much weight the Tunnel 2 structure can support, if the reduced overburden thickness
will maintain adequate shielding, and if the overburden reduction could improve Tunnel 2 structural stability.

Decision Problem

DR-5: If the data gathered to answer PSQs 1-4 are sufficient to evaluate the strength and failure risk of Tunnel 2,
then conduct the strength and failure risk evaluations for the tunnel. Otherwise, identify missing or inadequate data
and plan to collect it so the Tunnel 2 strength and failure risk evaluation can be completed.

DR-6: If the data gathered to answer PSQs 1-4 are sufficient to conduct Tunnel 2 FMEA modeling , then conduct
it. Otherwise, identify missing or inadequate data and plan to collect it so a FMEA modeling effort can evaluate
structural responses to decay, corrosion, and potentially damaging events (e.g., earthquakes, major thunderstorms,
heavy snowfall).

DR-7: If current surveillance practices are sufficient to ensure Tunnel 2 protectiveness and structural integrity,
then continue with the current surveillance practices. Otherwise, develop updated surveillance practices that are
sufficient to ensure Tunnel 2 protectiveness and structural integrity.

DR-8: If current maintenance practices are sufficient to ensure Tunnel 2 protectiveness and structural integrity,
then continue with the current maintenance practices. Otherwise, develop updated maintenance practices that are
sufficient to ensure Tunnel 2 protectiveness and structural integrity.

Step 6: Specify the population parameter (e.g., mean, median, or percentile), appropriate for making decisions or
estimates:

A statistical approach will not be utilized when evaluating the structural integrity of Tunnel 2. The overall empirical
steel-concrete condition of the tunnel will be evaluated and modeled (FMEA) to establish the current Tunnel 2 structural
strength and failure risk using a judgmental sampling approach and a weight-of-evidence decision-making strategy.

Step 6: What are the consequences of making an incorrect decision and what is the tolerance for an incorrect decision?

Page 6 of 8 A-6006-889 (REV 1)
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Appendix A — Systematic Planning Record

Characterization Data Collection Planning Record

NOTE: In cases where the requested information is not applicable, state that, and explain why it is not applicable so that it is clear that a required field
has not been forgotten.

To ensure the continued protection of the Tunnel 2 stored waste and HHE, incorrect decisions regarding the structural
strength (capacity) and failure risk should be avoided.

Thinking Tunnel 2 Is Stable When It Is Actually Unstable

Incorrectly determining that the Tunnel 2 corrugated steel sheets, 1-beams, welds, or concrete are not degraded, that the
tunnel is stable with limited failure risk, and that current S&M practices can continue unchanged could result in minimal
actions and concern, leading to continued degradation, tunnel failure, and increased HHE risk.

Thinking Tunnel 2 Is Unstable When It Is Actually Stable

Incorrectly determining that the Tunnel 2 corrugated steel sheets, I-beams, welds, or concrete are severely degraded, that
the tunnel has high failure risk, and that current S&M practices can continue unchanged_could result in unnecessary
actions and concern, leading to unnecessary maintenance activities and increased expenditures (labor and materials) to
prevent continued degradation, tunnel failure, and increased HHE risk.

Step 6: Develop the specification of the estimator by combining the true value of the selected population parameter with
the scale of estimation and other boundaries:

Limited external Tunnel 2 structural component inspections are considered inadequate and could possibly compromise
local tunnel structural integrity. Contingent on access restrictions via two existing manholes nearest the door, internal
structural component visual inspections could be conducted via worker entry, remote control cameras, or a combination
of these methods to collect data and information that represent the entire tunnel.

Step 6: What are the acceptable limits on uncertainty?

The Tunnel 2 judgmental sampling approach and weight-of-evidence decision-making strategy are sufficient for
establishing current Tunnel 2 structural integrity (capacity) and failure risks. Steel and concrete are the construction
materials of primary concern, and an important Tunnel 2 DQO assumption is that degradation observed via the
identified accessible risers (near the door) would apply to all the other Tunnel 2 areas. This assumption recognizes a low
threshold for probable failure risk and minimal acceptable uncertainty in interpreting the strength and modeling

(FMEA) modeling results.

Step 7: Plan for Obtaining the Data

(Specify the general plan of obtaining the needed data and explain where and how the information in this Planning Record will be
formalized in a data collection plan)

Data Collection Options (external): Collecting Tunnel 2 corrugated steel sheet samples for destructive assay is not
recommended. Collecting samples could accelerate corrosion and decomposition of the steel. Removal of the overburden
in an effort to collect samples of the corrugated steel sheets could cause local instability and locally compromise the
effectiveness of the steel sheet and its coating. Also, limited external visual inspections would not provide sufficient
information to support the structural integrity and failure risk evaluations required. Because they are external to the
storage space and several feet from the corrugated steel sheet and its coating, overburden excavation to visually inspect
the concrete whale arches and their footings would be appropriate for Tunnel 2.

Data Collection Options (internal): A Tunnel 2 internal inspection approach should be seriously considered due to the
limitations identified for the external approach, the 70% full status of the tunnel (ease of movement), and available
access points through the roof risers. There are 17 risers spaced every 29 m (96 ft) along the north-south axis of the
tunnel. The effective riser diameter is 15 % in. with 36 in. diameter welded-closed manhole covers currently in place.
Contingent on tunnel access safety restrictions via the risers, internal structural component visual inspections of the steel,
steel coating, concrete wall foundation, welds, mechanical fasteners, etc., could be conducted via worker entry, remote

Page 7 of 8 A-6006-889 (REV 1)
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Data Quality Objectives Information Summary (Continued)
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Appendix A — Systematic Planning Record

Characterization Data Collection Planning Record

NOTE: In cases where the requested information is not applicable, state that, and explain why it is not applicable so that it is clear that a required field
has not been forgotten.

Step 7: Plan for Obtaining the Data

(Specify the general plan of obtaining the needed data and explain where and how the information in this Planning Record will be
formalized in a data collection plan)

control cameras, or a combination of these methods to collect photos and videos that represent the entire internal
structure of the tunnel.

Worker access, if allowed, would follow as low as reasonably achievable (ALARA) principles by being limited to the
tunnel door area to maximize their distance from the stored waste and could be for limited periods to minimize potential
dose. Shielding would be considered. Worker entry would allow observation of the structural components (e.g., weld
strength, corrosion extent and depth, I-beam fastener integrity, and corrugated steel sheet stability). This would provide
better quality data and information for the tunnel structural integrity and failure risk evaluations planned.

Enhanced Surveillance Data Collection (external): Enhanced Tunnel 2 surveillance using LIDAR and GPS technologies
would build on the existing overburden surface baseline (two previous surveys) that could be reevaluated at regular
intervals (e.g., monthly, quarterly, or annually) to identify indications of structural failure (e.g., >5 cm overburden
subsidence over a >2 m? area). These data could be collected using stationary, satellite, or drone-helicopter flyovers that
would allow digital analyses of the entire Tunnel 2 surface (top and sides) for indications of structural failure (e.g.,
overburden subsidence).

Page 8 of 8 A-6006-889 (REV 1)
B-8



CHPRC-03325, DRAFT A
JUNE 2017

Attachment 1

HWS-8262, Specifications for PUREX Equipment Disposal

B-9



CHPRC-03325, DRAFT A
JUNE 2017

This page intentionally left blank.



ERIE
ENEREEER

-

4

freparsd by Lovay Enginesrs

CHPRC-03325, DRAFT A

JUNE 2017
HWE -82€62 5;1/06‘;,’?
"85 O, 0%
SPECIFICATION FOR 'ﬁ’of e(//z@é:; %
FIREX Q Ny 4
: Ty G o
£ IPMENT DISPOSAL % %y,
PROJECT CGGC 964 ‘9

oormsher 5, 1962

L,

Checked

Y27 ,//J'/é Z

Date

HEF E f? T

HA

fjif



CHPRC-03325, DRAFT A

JUNE 2017
.
WS -8262
TABLE CF CONTENTS
Divisiza Title Page
I EXCAVATICK, BACKFILL, GRADING AND STTEWORK b
Iz CONCRETE AND MASCNRY | \ b
1T STEEL TUNNEL 8
Iv RATILKOAD TRACK 10
v STRUCTJURAL AND MISCELIAVECSS SIEEL 11
7T WATER FILLED DOOF  AND I:OIS’I 13
VII FIPING AND MECHANICAL 15
V1II VENTTLATION 20
b FATNTING AND COATING ' 21
X ELECTRICAL zz

B-12



CHPRC-03325, DRAFT A
JUNE 2017

DIVISION I

EXCAVATION, BACKFILL, GRADING AND SITEWORK

SCOPE
This division covers exzavaticn, backfill, grading and sitework.

WORK NOT INCIUDED

Temperary cilosure walil in existing tunnel will be removed by others.
PRECAUTIONS

Beavy consztruztion equipmert shall noct be operated over tunnel structurs
at any time. A crawler-type tractcr, not exceeding 14%,000# gross weight
may be ueed for finish grading over top cf tunnel. Wheel-type equipment
will noct be permitted. No equipment will be permitted. to operate gver
the metal +unnel until 2F" or more .of backfill has been Placed,

WORKMANSHIP

EXCAVATION

&. Coperete taanel sectica, eliptical tunnel section invert, ribbed arch
footings and wall footings shall bear on undisturbed earth. No vehicl
shall pass over any earth surfaze prepared to receive concrete. Depre
icne or holes below elevetions shown on the drawings shall be filled
with ccnerete, as directed by the Commission, at the Contractor's expe:

b. Excaveled material shall te kert clear of buildings, roadways, fences,
electric power lines, fire hydrants and other existing facilities.

2. Excavaetion for all buried lines shall be true to line and grade as
shown on the drawings. Trenches shall be of such depth as to allow
placement of not less than 4 irches of sand backfill under the pipe.

SHORING

a. Shoring shall be required for all excavations in whiech the sloughing
of sides would undermine adjacent structures or would create hazardous
working cornditions. Shoring may be omitted whereve i e
sloped nct less than cne and cne-half norizontal to one vertical a.nd.
where existing faciiities are not endangered. T ——

-1- HWs-8262
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WCRKMANSHIP - {Cont'd)

t. A&l shering shall be remcved as backfill progresses.
2. Matzrial for shoring may te stcel or timber.

EACKI G, STRUCTURAL COLPETE TUNNEL

&. EFackfill arcund the structural concrete tunnel section shall not
T i1 7 days after tke ro:f slab has been poured.

Y. TFrozen particlss, stcnes greater than 8 inches in any dimensiocn,
vegetable matter and trash zhall not be used in any backfill.
Backfill materisl larger tnan £ may be used at least 10' away
Zrom Yhe structure.

c. Trazh gkail not be allowed in spaces to be backfilled.

d. Material for structural tackfill shall te placed in layers not to
exnsad 24 inches lecse measursment and thoroughly compacted. Coampactin:
Ty l-aded ecrapers and/cr tractors will be cconsidered adequate £ noo-
ivad-bearing compaction; su®iect to the restrictions specified in 2 i
% above, Y

&. f(are skall he exerzissd daring tackfilling to prevent excessive lcaids -

wails and to Insure baianced loading on opposite walls.

£. Easkriilling by mesps 5f slulcing or flooding will not be permitted.

ZATKFITL., METAL TUNNEL, RIBZED ARCH DESIGN

‘s fiY and embaniment aroand ‘he ribted arch design tunnel shall <onfozx
= Senbinns 6b exsept stone size within twe feet of tunnel section shal:
be 3" minus, :

BACKF 71, METAL TUNNEL., ELTPTICAL DESIGN

Taskrjil rfor the eliptical design tunzel shsell conform o the fellzwing:

&, Zone 1 tackfill skall consist of 3/4" minus material and shall ke
sempacted by vibratiorn to & dersity conforming to the following:

Wnen tested iz the field in aciordance with AASHO (Americen Asscoiaticz
of State Highway Offizialis) Designation T-147-49 "Field Determinaticr
cf Iensity of Scil in Place," esch leyer of compected embankment sn=ll

have a demsity not less than the following: {All equipment and lab:o:
f-r performing the tests shall be provided by the Contractor.)

N

n

{1} For clayey and silty materials - 90% of the "maximum densit
as determined in ac:ordance with AASHD Designation: T-99-h
"Stardard Metnod of Tezt for the Compaction and Density of Scoiisz.
The moisture zonter® <¢f the material shall be uniform thro.grn .-
the layer and =2nall be such that the specified density carn
cotalned. 1In no 2232 shall the mosturs ccntent vary mors +v:xn
3 percentage points above cor telow the opiimum moisture ziutent
az determined br AASHGC Dezignation T-99-43.

1 MO

bl

o3

E=]
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WORKMANSEIP {Zont'd)

zeoxr coheslorlesg frze~-draining material - such as sands spd gravels,
"% relative dernsity as determiced by the Standard U. S. Buresy ~f
Reclamation relative density tesis for cohesionless free-draining
scils. The relative density of cohesicnless free-dreining scil,
exyreesed as g perceniage, is defined as its state of compactress”
with respect o the icosest and most compact states at which it =an
te poeced by laboratory prosedures. The relative density will be
tased on the foliowirg formla, wherein the maximum density is tkr=
highest unit weight of the so0il, minimum density iz the lowest wunit
welght of the s0il and ir-rlace density is the unit weight of tke
82l in place, Tests for melsture ceontent are made on the materiais
and unit weights are exyreszsed in terms of oven-dry weights.

hY
-

Tt

Relative density = mar. den. x(in-place den. - min. den.)
in-place den. x(max. den. - min. den.)

B

x 200

The particalar test to be used, depending on the type of soil, shsil
te as determired by the Commission.

“.  Zone 2 backfill shell consist of 3" minus materisl and shall be brougne

up evenly cr each side of the structure in 12" lifts and shall confrrm
to the compaction specified in 2ection 8a of +his divisicn.

“e Zine 3 backfill and embankmert shall conform to Sectioms 6b, ¢, d and =
of “his Division, excert thsa* material shall be 3" minus within 2° of
trhe tunnel.

d. Loesd bearing backfill chall be compacisd by vibration.

ZACKT I, TNOERGROUND PIFING

4. Pipes grall rest on a sapd cushicn at least U inches thick.

t. After necessary line testing has been acccmplished, backfill for pipirg
=hall be carefully rlaced around pips. The first 12" of backfill sh=a'l

emainder of the backfiil shall conform to Section 6 of this divieico=n.

+

FINISS SRADING

4. Areaz around and adjacent teo all fascilities constructed shall be bladed
%o provide reasonsbly smcoth, uniform surfaces.

Y. Finlsh grading shall be carried to elevations shcwn on the drawings.
furface skall consist of a 4 inch leveling course of predcaminantly

svarse gravel to retard wind erosion. The leveling course mey be
formed by depositing gravel or by scarifying, dregging, raking or
ztherwise working to obtain the desired surface and to leave the area
rzasonably free of stcnes larger than 3 irnches in diameter. Equipmen:
fer grading on top of new tunnel shall conform to Section 3 of this
1ivision. No live lcads shall be imposed upon the top of the existing

wonorete turnel.

-3~ HWS~-8262
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DIVISION IT

CONCRETE AND MASCNRY

ENERATL

Thig divizion covers :zoncrete and masonry.

MATERIALS AND WORKMANSHIP

“3NCRETE, REINFORCING STEET ANT EMBEDDED ITEMS

a, Concrete work and reinforeing steel shall conform to Hanford Starndzr 1
gpecifications HW-4798-8, Flacing Reinforced Concrete. Embedded i°:ms
srall te ae shown cn *the drawings.

b., (cncrete shall not be placed until forms have been inspected and apyro
*y the Commission, and pour slips have been approved by the Commiszz::-x.

3. ALl foundations shall be pcared on undisturbed soil. Areas that hsva
been over-excavatel fer fourndaticns shall be brought to proper gradis

with mess conorete.

d. PReinforcing steel shall be welded to existing reinforcing steel as :=r:w
ory the drawings.

&. Existing dowels shall be zleared of all rust, scale and deletericus
material.

SROUT
Croat skall be "Bmteces" as mapufactured by the Master Builders, Inc.,
o approved equal;, acd shal! te arplied in strict conformance with the

manufacturer's published instructions.

PRECS3T CONCRETE

DEST N
The memper £hall te desigred in aczordance with the latest recamendati:ns
of the Joint ACI-ASCE Committee 323 on presiressed concrete. The desig-

37241} te csuch that the camber cf the precast member will provide fcr +b=
deflernicn due to all dead lcads.

- WS-8262
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MATERIALS AND WORKMAKSHIP (Cont'd)

35CF DRAWINGS

Szor drawicges shall te prepared for all members and shall be submitted
Witk c-:-:mplete calculaticons in conformance with the Special Conditicns.
Storp Arawings and calculaticons ghall bear the seal of a registered
profeseional erngineer.

Matsrials stalil confeorm to the following:

FPrestoeszing Strands AS™ Ab16-5TT
Reinforcing Bars ASTM A15-5TT & A305-56T
W W Mesh ASTM A185-561
Aggregate:
Sand apd gravel ASTM C33-57
{hardrock)
Czment ASTM C150-56

Uoncrete. The concrete shall have a unit weight of not greater +than
150 1bs/ca £t for send and gravel (hardrock) concreve, arni
the strength shall be sufficient to carry the design lczi.

DIMENITONAL TOLERANCES

sirze of the members shall be as shown on the plans with eross etion
dimersicral tclerances not o exceed + 1/L".

Izngth dimensicpal tolerance not 1o exceed + 1/h". Canber not to exccsd
+ 1/4" of the design canmber.

FAPRICATION, TRANSPORTATION AND ERECTION

4. ‘The members shall te fabricated, transported and erected by methcod:
which are in accordance with the PCI Standards for Prestressed Cax r~:-‘;=
Plarts, STD-103-58T, Chapters 1 through 6.

Y. Trke fabricator of the members shall have had previous experiercs ir
trhe congtruction and dezign of prestressed members.

MASCRRY
MATERTAL

4., Water shall be clean ard free from oil, acids, salt or injuriocus
gubastarces and skall be handled in clesn containers.

Y. Portland cement srmall sooform to ASTM C-150-56, Type II.

-c- aws-8262
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MATERTALS AND WORKMANSHIP {Cont'd)}

s Yydrated lime shall conform to ASTM G-6-49.

Sard shsll conform to ASTM C-144-52T., 100% of the sand shall pass
a No 8 sieve and nct mcre than 30% shall pass a No 50 sieve.

%, Hillow concrete tlocks of the sizes shown on the drawings, shall ke
zrade A blocks conforming to ASTM C-90-52. Blocks shall be demp ~urs3
fzr at least 7 days. RBlocks shall be manufactured of sand arnd gravel

aggregate.

f. 5c¢lii corcrete blocks and concrete brick of the sizes shown on the
Avawings, skall be Grade A brizk or blocks conforming to ASTM C-145.-3G.
lcck and brick shall be damp cured for at least 7 days and shell b=
mznufaztured of sarnd and gravel aggregate.

g. Moriar shall cornsist of 1 part portland cement and 4 parts sard
tempered with 1/2 part »f hydrated lime by vclume.

reement for concerete blolck walls shsell be of standerd manufso--
sn.g;ned specifizally for sushk use.

MIX T MORTAR

%, Mortzr materials shall be accurately measured by volume and thorcighly
mived in 2 batcoh mixer. Mixing shall continue for at lesst two mi=mc-e:
sSwer all ingredients have been added.

L. MMortar skell te mixed in quartities not greater than required for
Immedliate use.

ts  REalempering of mertar will pot te permitied.

i, Thz wze of anti-freeze admixtires will not be permitted withou-
srrecval ¢f the Commission.

a7} ZONCRETE MASONRY NI

£. Mazorry units shall te kept dry at all times. Units shall be storz?

on suitsble dunnage or palleis and shall ncht be allowed to resi o

* ground. Units shai®l te completely covered during storasge *+o prevanct
absorprion of water.

t. Wrherever masonry laying is stopped, the tops of uncompleted walls zhatl
2 covered with suitable materisl to prevent the entrance of water int:
whe units. :

i« Hellow Tlocks shall be laid with air cells vertical and with tke main
t=2aring webs in prcper relation for bearing on the webs of tlocks
immediately below.

1. Uzits sball be 1a2id in a £full bed of mortar. Courses shall bte ksp*

LEVEL.

-6 HWS=8262
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MATERIALS AND WORKMANSHIP {Cont'd)

“nits shall be 1aid in runnirg bond pettern with vertical joint=
2 adjacent courses staggered and vertical joints in slternate
srrass accurately lired up.

Well reinforcement shall te placed as chown on the drawings with a
minimim lap of 6" at all splices.

cints shall be finished with 3 concave pointing tool applied g0 ac
o compact setting mortar and form a close and comtimious contacth
ith the masorry units.

o Gy

Masonry units shall ro% be laid wher the temperature is 35§F or livwer.
if tre temperatare drops teiow 35 F during the curing of the b Tax et 8
adequate temporary heat shall be supplied 4o hold the temperaturs
surroundieg the walls sbove 35 F for & period of T days.

-Tn AWs-82¢z
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DIVISION IT1

SIFEL TINNEL

CENERAL

isior. covers a steel tunnei. The contractor hes the opticn of
ther the ribbed zrch or eliptical desigr, but not a combination ~f

MATERTAL

E-XEEZ ARDE DESIAN

Rits srall bte fabricated to the geometry shown on the drawing in ecorfcrmar:s
witk the requirements of Divisicn V of this Specification.

LINES TLATE

piate shall be deformed feur flange steel liner plate and having
Lllewing dimersions:

a. Thizknezs /26" .

b. Length 37 - 11/32" {ars length)

¢, Width 16"

d. Flanges 2"

e, Radius qo"
Ite erd flanges shall te bent straight, not radiel. The steel sghall
«.nftrm te ASTM A-283-58, Grade C.

CACTENERS

Zizer piates shaell te fastered to the ribs with 3 - 5/8" bolte at each ezi.
Linsr pistes shall be fastensed to each other with 4 - 5/8" bolts., Belts
ghal. cozform to ASTM A-325-61T.

EIL ZPT20AL DESIGN

SESTION

vz zeztion shall be construzted with No 3 gage eliptical steel corrigatesi
zeuticnal plate.  Steel skall conform to ASTM A-283-38, Grade C. Corr.gs~ .:-:
:4l3 have a 6" ritch and shall k2 2" Lhigh.

-8- HWS-8262
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1

£

AL TEVERS
e T i 2" e

4. The nircumferential scam shall have a lap of 4" and shall be fastered
with a eicgle row of 3/4" bolts spaced 9 16/32" cn center.

):_f

1

> lcngitudipal seam shall Lave a lap of 4 3/4" and shall be fazts
2 2 rows cf 3/4" bolts. The 2 rows shall be 2" on center with

a
wL e

#7aggered, The holes in each row shall be 6" on center.

o Bulvus shall conmferm to ASTM A 325-61T.

WORKMANSHIP

TRSTALLATION
2.  Thas rits, lizer plsie and sectional plate shall be erected in confs-mar-:
witz the lines shewn on the drawings.

Tn the elliptical section varying lengths of sections shall be irs<ailes

) tia

2 that staggered sircumferential seams result.

e Ne Ipenings will te permitted large enough to permit more than fine -ars
sepage except for the 1" weep hcles,

cobTHS (Fliptical Liner Only)

s s

ctratwing ghall te provided ard installed doring backfilling operatiocn +:
revent permarent deformaiion teo the sreoss secticn exceeding 3% cf the
~imiral dimensicns. All strotting ceznecticns to the tunnel sectirnm zral”
te remcved and damsged coating skall te repaired.

The contractor shall submit a sketch detailing his temporary strutting
msthed in accordance with the provisicns for Shop Drawings in the
cintract Special Conditions.

-9- EWS-8262

B-21



CHPRC-03325, DRAFT A
JUNE 2017

DIVISION IV

RATLROAD TRACK

GENERAL
LoJzE

& diviglon covers railread “rack and appurienances.

IERZALS AND WORKMANSHI®

A, ties, baliast and appurtenances shall confcrm to the
ztlons of Hanford Standard Specificatior HWS-5722-S and
erdl AC-T~h as modified by the details on the drawings.
; d anchor bolts regquired for anchoring the track to the
‘loor shall be as detailed on the drawings.

I
Al
.:‘3

w50 ZON FURNISHED MATERIAL

sne limmiseicn will furnish the follcwing materials as stated in the
r2ziae Soniditions:

% ¢ ARAA Rails

T = CIW Rails

€.

L

R ircluding switchstand,

Al ovoew materiel, including but not llmited Yo bumper, irack spikesz,

2rapromiie ioints stall be furrisned by the Contrector.

-10- HWS-8262
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TRUCIURAL AND MISCELLANEQCS STEEL

GENEFAL

Telz livisicn covers straztuaral apd miscallarecug steel.

ralez and praztizes set fortk in the Code of Standard Prac+i:
uildings ard Bridges, =nd the Specifications fsor the Desi =l

k3 '+
o

‘:ﬁ ard Ereciiorn of Siructaral Steel for Buildirgs of the Amer:-ar
ot S*em. Constructisn (AISC; and seismic provisions of the Tri7 s
e, Zone 2. ghall gevern this werk, except as otherwise speoiiiz:2

SELE DR AWTNIS

ticn shop drawings cf all members shall be submitted for ApDT I VAL
rr.oe with the reguirements of the Special Conditions.

SR IRAL AND MISCELLANEQUS STEEL

E%-'r”:. ‘_' ral ard miscellanceosus steel stapes shell conform o She rejuizsmer-:
oF ASTM A7-S8T unless noted otherwise on the drawings, or herein.

22511 conform Yo the reguiiremernts cf Federal Specificaticn RE-:-F9.2
Gratirg shail have the bar size and spacing as showz cn ths Irswvira-

‘[_

WORKMANSHIF

FAZRICATION AND ERECTION OF STRUCIURAL AND MISCELLANECJS STEEL

£ £xsll be fatricated and ersctzil -
o atica: frr the Deesign, Faebrication., an:
for Buildirgs, and the follcowing:

aral and miscellanena
srmants with the ATSS 8
icn ofF Strustural Stse

f‘ b~

z zte
recifi
1

R

-11- EW3-826:2
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WOFKMANSHIP (Cent'd)

Ep P -~
-

Tz sonimet sorfares of

et

Conrestions chall = as

ALL welding shall te in
We ding Scciety for Arz

Iy -

coamected parts shall be free from paini.
ghown <on the drawings.

acztriance with the "Code of ihe American
axd Jas Welding in Building Construstisa,”

gknp holes shall te provided in members to permit connecting the
ore cf ¢ther <rades when noted on the drawings.

#v holes required for commscticns to steel in the field shall coliy
e made by Iriiiing except by writtem permission of the Commissirrn.

~12- HWS-8262
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DIVISION VI

WATER FILIED DOOR AND HOIST

CENERAL

Thi: divizicn covers €n2 waser f£illed door and cne heist assembly.

P drawvings, spare Tart: lisbs, Iubricatice and meintenance inst tractisns,
stEu. ke rrepared ard sutwitted <o the Commissicn for approvel in conformance
witlr the Special Conditicxns.

MATERZALS

CAFE N ETEEL AND WELDIN: ROD

W teel shapes, steel plate apd filler metal for tunnel door,
access vlatforme and otvher uses shall conform in all respects +o the
Amerizan Ivghitute of Steel Conatrastion {ATSC) Specifications fer the
SEN atrivation and Erecticn of SSructural Steel for Buildings azd

ziltatls for fision welding.

TIUREL IOCR HOTST

Tupzel docr holst  shall te & standard preduct of an organization regulariv
ol t-‘:xe manufactare <f hoiste of this c¢apacity apd type. Feist shall

*ed and shall be suitarle for ocut of door use. Hoist sha:l have

acity of 25 tops at a speed of nc* less than 8 feet per minute..

= £rall te 25'. The noist shall be driven by a 440 vclt, 3 phase,

rgie speed motor. The hoist shall be equipped with brakes wrich

* 1l-waring of the load except by power of the heisting mctar cor

gt rower reiessed brake. The l2ad hock shall be carried ¥7

rzave blcok and the oable reeving shall be arranged so tha* the

cox will travel vertically without a tendency to twist or travel

1v. If mxitiple cabtles are used, they shall be arranged so ~ha' the

2 agquailized among all losd lines. A1l bearings shall te ¢f ths

23 type. All gears shall te cut, totally enclosed and running

& hrist shall Te eguipped with two limit switches esch. Ea-n

. zr. £hzll ke zingle pole, dosble throw. One limit switch shslil te

fi2ty darie 1imit switch ard +he ¢ther 1imit switch shall stop the irsvel

§oret rs mestanissl tlizkage,

engaged j

i 1
l‘ s

BEN HWS-8262
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WCREMANSITIP

T.NNEL, DOOF

a. Tunnea door shali be fabtricatsd and instelled in conformance with +4e
dewalis showr o2 the drawings. Unless otherwise shown on the drawings
farricaticn arnd welding shal) conform to the AISC Specification for the
Design, Fatrizaticn snd Erection of Structural Steel for Buildings.

k., Door shkail b° bydrostatically tested in place to 25 psig measured at
e bottam of the door. A1]1 joints tc be tested shall be painted witl
a mixtire of powdsrzd blue chalk arnd water which shall be allswad to
éry prior tc¢ the applization of the hydrcstatic test. Leaks shall bs
repaired and the decor shall te retested until found leak free. Upcn
campletion of the test all :chalk shall be removed. All equipment,
faciiities and iaber for performing the hydreostatic tests shall be
firnished by the Contractcor.

INSTALLATION OF HOIST

s hoist ghall be installed as shown on the drawings and the approved
ar 1 anwmg, Fa:s plates for dzor heist ghall be located in conformance

wh *Ze lines ard clevations shzown on the drawings. OGrouting shall be as
$2¢ifizd under Divisizan 1T, CONZRETE AND MASONRY.

~1h~ HWS-8262
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DIVISION VvIX

PIPIN:

ZENEZAL

divigien covers fiping ard 3 pLap.

SUSMISSI0ON COF DATA

following pump informaticrn shall be submitted in conformance with
Special Ccozditioms.

Gertified performancze charssterisztic curve based on actual test 7 p.-
cisrev and horsepover plictied agairszt di:z---
+

slowing head in fset, eff
» U.8, gallzns per f

rcm 2 to 200 gpm.

Cozmplete pumr ard mtor srerifisations inmeivding motor efficisrcy.
Soxmpiete dimensisral drawings .

Srars parts lis*. |

Tostallation izstructions.

Creration, mainternance and lubrication instructions.

MATERTIALS

Fize apd fitiings enals be 25 specified in the piping oo iz
exvept 88 notsd oo thez drawings.

Pipe fittiogs shall cc=fcrm to the regalrements of in:
Amerizar. Seciety for Testing Materiaizs (ASTM), and the Americun

Gtardards Asscoiation {ASA) as specifised kerein and in the piping 1ode

Swivel Jeirts spall be the size and style shown on the drawings ==
nraptfactired by Chiszksar Jompsny cr en aprroved equal.

HWS-8262
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{MATERTALS - Zcnt. )

wiken motsr field contact "B
valve. The valve shall operate

When zelector switch connex 38", motor runs, .driving
valve and switch cams. ~A%ter the shafi“has turned 30, Contsct "B"
spene aad Contact "R eloses.
baz turced 1802 which time
a2l mobor g
filewe 4

Same &7 Valve M-6 except 4" =zize.

Le HIZE VALVE
Hcze valve shall be as shown on the drawings.
Je HOSE

5.1 DCCR " HOSE

Dzor "M kese shall te 2 - 50' lengins of 2 1/2" UL arproved dacronm £iil:i
dcible jacket, cotton rubber-lired hoze with Kationsl Shandard fire rosse
coiplings. :

€. PUME

6.1 DESIGN CHARACTERISTIZS
The pump shall be verticsl deepwell turbine pump of the water lubrizated
type and shall deliver not lesz than 100 gallons per minute at 35 £t T.D. 3.

meazured at the pump discharge assuming the water level is 1 foot abeve
the pump sucstion.

~16- HWS-8262
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MATFRTALS (Cont 'd)

7.2 CONSTRUCTION

8.

Discharge Eead - The discharge Lhead shall be ¢f heavy construction made
of cast iror, deslgned Zor sbove-ground discherge with a suitsable

centsring rirg to recelve a complete vertical hollow shaft motor drive.
The discharge connection shall be flanged to receive a 2 1/2 discharge

pipe.

Column shall consist ¢f three parts; the outer column of the screwed
butt joint type, the cciumn spiders with inserted bearings, and a drive
shaft of sultable sirength to transmit the £ull horsepower required by
+the pump. The cclumn stall te of Schedule 4O black steel pipe with
screwed buatt joint type comrections, in secticns not to exceed 10' in
length. It skall be of 4" nomiral diameter. The cclumn spiders shell
te of bromze with centzr hubs accurately bored to receive synthetic
rubber bearings. The bearings shall be securely locked in place. The
linesghaft shall be precision turned, ground ané polished stainless steel
not less than 1" in diemeter. All threads shall be lathe cut. The ends
ghell te macthire finisked and urdercut for proper butting of the shafits.
Besaring irtervals shall not be more than 10' center-to-center. The
linestaft shall te protected at each bearing by a sleeve.

Bowle shall be of heavy, close-grained cast iron, accurstely machined
and fitted to cloese tolerances, free fram blow holes, sand holes, and
all other faults. Outside diemeter skall not exceed 6 inches.

Impeliers shall be of bronze, semi-open type, accurately machined and
firished and statically ard hydraulicsally balanced.

The impeller shaft shall be of stainless steel. It shall be precision
turned, grocnd and polished and supported by water-lubricated synthetic
rubber bearings on both sides cof eackh impeller.

The drive motor shall be as followa:

{1) Motor characteristics such as hcrsepower, rating, speed, etc.
shall fit the requirements of the pump without overloading moter
at any point or the pump curve. Drip-rrocf, ball bearing, squirrel
cage induction motcr, normal starting torque with non-reverse ratchet.

(2) 440 vcit, 3 phasze, 60 c¢yzle AC.

{3) Motor shall conform to the letest appliceble standards of the
American Institute of Electrical Engineering (ATEE), the National
Electric Mamufacturers Association (NEMA), and the American Standards

Assceistion (ASA). The AIER Standards shall have precedence in cases
of disagreement.

=17 HEWS-8262

B-29
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WORKMANSHIF

FIFE WELDING

WELDER QUALIFICATICR

2. All weldlng of carten steel pips shall be done by welders who have
teen qualified in accerdance with the applicable test requirements
of Zanford Standard EW-4G00-S, Specificaticns for Qualifying Welders.
A wslder will bte qualified oply on the type of material and form of
msterial he will weld and on the welding process which he will use
¢ perform the work,

t. Radiographic examizations of test welds will not be required.

WELLING STANDARDS

Welding of carbon steel pipe skall be done in conformance with Hanford

Standard EW-4926-8, Specificetion for Welding Carbon Steels. Sectioning

¢f radicgraphy of welds will rnot te regquired.

IWSTATIATION CF PIPING:

&. AlL piping shail be instailed in accordance with the sizes, loceticns,
gleps and elevatiors shows on the drawings and the piping codes.

E. Interior of pipe, fittings ard valves shall be kept free from dirt
or foreign matter at al’ times. At all times when installation of
vipe is not in progress; the open ends of pipe already lald shall
be closed to prevent entry of dirt or fereign matter.

¢. Al joints and ccmnnections shall be water-tight at the specified
L28t pressure.

BYDR{STATIC TESTING

Piping irgfalled shall te hydrostaticalily tested in conformsnce with +ha
followirng:

a. Al irstruments; facilitles and lebor reguired to conduct the tasts
ghall be furnished by the Contractor.

T
o

EBefore application cf the pressure, all air shell be expelled frzm tkz
Pipz ard all Joints shall te zhalked in ccuformernce with Section b £
Division VI ¢f this Specification.

¢. Each t2st sectlon of the piping stall be slowly filled with water szd
the specified test pressure shall be applied.

d. TIuration of the test shail be at least 30 minutes without appreciatlie
lesz of pressure az determired by the Commission.

«18- HWS -8262
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( WORKMANSHIP - Cont)

. A1 pipirg, fittings, valves and joints gkall be carefully examirzd4
diuring the open trench test.

f. ALl tests shall te mede to the satisfacticr and under the direztion
¥ the Commissicn. Any defective pipe, and wleds, fittings or valves
revesled during the test shall bte replaced at the Ccntractor's expsnse.

g+ Test pressures shall be 125 psi.

TIPING ODES

Piring matzrial, febricabticn ard installaticn shall conférm strictly to
the fzlleowing Piping Code:

PIPINC CODE

Pipe Black steel pipe, sesmless or welded per
ASTM A-120-61T, Schedule L4O.

Fittings Steel butt welding per ASA B16.9-1958
150#

The exterior surface of urdergrcund pipe and fittings
shall be cleaned, primed and ccated with coal-tar
enamel with a bonded asbestos felt wrapper. Materials
and application shall conform to AWWA C20L4-57, together
with Section 42 and A3.1 of the appendix of AWWA C20L.

-19- HWS-8262
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DIVISION VIIZ

VENT TTATICN

CENERAL

SS0PE

Iz dlvisionm covers tie veatilaticn system.

SUBMISSICN CF DATA

Tzg Pl owing far infirmation eghail be submitted in cenformance with the
Srzedal Coriitioms,

3. weritified rforaance charactaristis curve showing static preszurs,
e g P :
afficiercy and hirsepower plohted against cubic feet per minute.

. fomplebs fan ard motor specifization imeluding moter effiziercy.
Yo fzmplete dimensicoal drawirgs.

1. Spare parts list.

2. Inslailation iestructlons.

£, {peration, mainterarce end lubrication instructions.

MATERIAL AND WORKMANSHIP

CENERAL
Tz yertilatlon system shall te zonstructed as shown con Drawing B-2-58134.

MENTAT

2w L

Tre metor gkall fit the rejuirements cof tre fan without overloading the
oshsr at any point co the fan curve. The motor shall be a TEFC, ballbearirg
syiirrel cege inductios mcior rated at 4LO velt, 3 phase, 60 cycle AC.

EELT (JARD

4 =it gusrd zenformirg to Hanford Stardard M-4-6 shell be installed over ttr-

Fan Arive.,

~20- HEWS-8262
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DIVISICN IX

PATNTING AND COATING

SENERAL

Faint; red-lead-tase,
resdy-mixel

Frimer, pain~; zizc

dust~zins cxide

Bramel. allkyd, glcss

Ses S.h.2 AWWA Dlo2-

cxm
P

Red-lead, linseed with

gailon cf paint.

iox gorface of water-filled dooz

izn BEWS-5961,

CHPRC-03325, DRAFT A
JUNE 2017

Use

Priming miscellanecous ste<l
and field touch up ard
finish on water-filled Sc:ox

Priming galvanized
surfaces where reguirzz.

Finisk on miscellaneous
steel, identification
lettering.

Interior surfaces of

& pcurds o dry litharage water filled doors.
wil paint added +o sach

&and certain concrete
kall receive ::ating system MV-3 conforming to Fanford
i

ard extericr sirfaces of the steel tunnel g:all rezeive

t. rrerior
i 3% mil coating of Costing Compcund, 3itumirous, Sclvent Coal Tar Base
criirming e ML Spec MIL-C-L8480 {Decks) (Am.l).

B-33
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WCRKMANSHIF

S L, exaept galvanizeld ard urless ctherwise ncted on the drawinge
oz :ie:l her=in. =hall be shirp pairted.
b. Peircirg 3kell rot te dore wrexn *te sorrounding atmosphera is damp o

en ox when sorfacese ars damp or fresty. Painting shall net
hen the ambisnt temperature is less than 4O F. Only trhorcughly
dry suvfarer :thall Y= painted. A minimum of 2L hovrs shall
~wesn osets of paint.

e ALY 12l materialcs ckall ke zpreal with e, %o a uniform film
ghewing ro rirs,. sags, oravls ruash marks, or cther defectsz.
ZANDL G ATD SORACE
3. 12 vaIin® snall be delivired to the Jjob site in the marufacturer's
rripizmal containers with labelz intact and gzeals anbroken.

stored in & well verntilated plsce
sive heat, smoke. sparks, flame,
pcra*u-es.

2. Paizs :xall not te miv=d within 257 ¢ stored flammsble materials.
¢hall ke fgken *c prevent fires. Rags, wasie,
tl:at- have beccme spotted with paint, oil cr

. 2lcsed metal zintainers, and removed from
e r_-f each day‘'s work.

d. AlLl reosgsary precy
paper or other matsr
£slveats shall be pla
tre buiiding at the o

. L+
u
£
rex

|l
O M F
Rl ff

PALNT-MOXING

a. heady mived o1l paints, iz original comtalrerz, shell be vibrated ir a
power-driven, vibrator tyre paint mixer for a peried of from three to
+2r mirutes tc remove all heavy sediment frem the bottzm of the can.

Tre snbire guantity shall thern be "boxed" ard straired threugh a fins

wirs soreser. or zheese ioth befors using.

t. ERealy mived eramels snall be thorcughly siirred in emall quantitise ani
gaffiziantly "boxsd" fer uniformity.

. TainT foall rot be mixed when the temperature of the paint or surriuniizg
atmoezphere is less tkan 4O F,

SURFACE FREPARATION

a2, Surfases to te painted shall reve all rast, scale, 4irt, oil, greare,
sid paint, and weld spatter remcved by wirs brushing, grinding, or
zronking with sclvents, ag reguired.

B. S&nep xoats on steel items shall he "touched <" afier erection tut
rrice 45 aprlication ¢f Finmish scatz. Teuch-up raint shall be as usel
b £hop paizting.

&
T

-22- HWS-~8262
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WCRKMANSHTIP {Cont'd)

a. All necescary precaztions shall be taken to protect surfaces not to
be painted frcm paint spiash or drig.

£3 to be welded after erection shall nct be painted. Any paint
hin a distarnze of 2" from ths joint shall be completely removed
c. Stouetiral steel 12 be enzased in concrete shall not be painted.

d. Affter erecticz, bolt heads, welded joipts, and all otker unpainted
surfaczs except otherwise specified shall be painted a touch-up coat.

srall then be giver a complete field ccat of primer unless

f. Surfaced irnzccessible for paintizg after erection shall be given
caaefsary fleld coats cf paint prior to erection.

g. FPalntirg shall not be done when the surrounding atmosphere is damp or
d.igt laden or when surfaces are damp or frosty. Painting shall not
be done when the a.mbier.+ temperature is less than 40 F. Only thoroughly
ciean a:i drv surfaces shall be pain ted. A minimm of 24 hours shall
elapss tetween coats :f raint.

h, Al finish work shall te free from defective brushing or clogging of
~ines and angies. Edges of paint adjoining other colors or materials
shell ve clear and sharp without coverlap.

L. TWeth Palot’ signs shall te posted to protect newly finished surfaces
Irom damage.

. ALl paint materials skall be spresd with care, to a uniform film
thicknzes, shewing no rins, sags, crawls, brush marks, or other defects.

¥. Spray painting is permitizd on firish coats only. Only equipment which
is 2apetle of properly applying the paint shall be used. It shall be
2rerated as recommended by the manczfactuarer for the material being
spreyed. The eguipment shall have traps or separators to remove oil
and condernsed water from the air. These traps or separators shall be
arained periodically diring operations. The air from the spray gun
impicging against the surface shall show no condensed water or oil.

LICATION CF COATTNG SYSTEMS

srPace preparstion and application of ccating system MV-3 - to the
xherlior surfaces of the water filled doors - shali ¢onform to
har’ori Specification EWS-5962.

o
s

\'l:

b. Surface preparation ard aspriization of the Bituminous costing system to
the intericr and exterior surfzces of the steel tunrel shall conform o
the coating mamfacturzrs pitlished instructions. The system shell te

*wo coat system, earw ~cat not less than 18 mils, making & total dry

iim thicirsss of net lesg than 35 mils

-23- HWS-8262
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WORKMANSHIP (Cont'd)

FINISE SCEETILE

Solor: refer to Pederal S%smdard 595.

Prime Coat

Surfeacas No.Coats  Material No.Ccatg Msterial (C:xlor

Mis: steel not 1 nT.P-86a 1 ™ .R-489¢ Luphy

imbeided in concrete ' Jray

& not insiuded in

the follicwing items.

Fanprilation unit 1 7T-P-86s or 1 TT-E-489¢ 1hahy

fosnewionk if galvanized Gray
IT-F-Ehik.

Tntericr surfaces of 1 Sea 5.4.2 1 Sec 5.4.2

water fillied doors. AWWA-D-102 AWWA-D-102

Irtsrior & exterior Bitumnous, cocal tar base,

sorfaces ¢f steel tunnel, MIL-C-18480

inziudéing ribs, curb ‘

ang e: and funnel parts.

Nerih face of Door 'C", System MV-3

ccnerete floor of tunnel, HWS-5961 &

lcwer 18" of interilor surface HWS-5962

¢f somerete tunnel well. .

Femainder of extericr of

Docr ot 1 ~r-p-86a 1 TT-E-148%¢c bzl

Grey

Junation Tox and machinery 1 TT-E-489¢ Riack

nuaters 1" kigh.

Firing identificationg per HW-5311-8 aresrn
- HWS-8262
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DIVISION X

ELECTRICAL

GENERAL

SCOPE
This division covers electrical work.

CODES

The work shall conform to the National Electrical Code (NEC) 1962.
Recommended methods and materials for installaticn of work as described

in the above codes shall be mandatory unless otherwlse specified herzin
or otherwise shown on the drawings or referenced Hanford Standeards.

MATERTALS

MCTOR CONTRCLLERS

Motor controllers shall be the size and type shown on the drawings cr an
approved equal. ’

ADDITIONS TO MOTOR CONTROL CENTER

Circuit breaker, door and coperating mechanism shall match the existing
motecr control center. Circuit breaker shall have the rating shown on
the drawings. The existing unit is a Square D Co. No. SJ-2062.8, Type
CCP-2, Draving C 3672 IW.

ANCHOR

Anchor shall conform to Hanford Standard D-4-la, Concrete Cone Ancher.
SUY STRAND

All guy strand shall be galvanized steel as specified on Hanford Standard
D-L-14.

LINE HARDWARE

All line hardware for guy and anchor shall be galvanized and shall he as
shown or noted on Hanford Standard D-k-14, or approved equals.

-25- EWS-8262
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MATERIALS {Cont'd)

A, RACEWAY3, FITTINGS AND EOXES

2, Rizgii steel conduit shall te bhet dipped galvanized, zinc metalized,
=z gkerardized conduit, and shall conform to Federal Specification
WiW-{-581in,  Qonduzit shall be furnished with an antifriction finistk
on trs internal surfaces.

Y. Ligpid-tight flexihle rcndiit shall be the type with & built~in ground

somdaohor,

;2 chown otherwize o= the drawing, the minimum size of cendai’b
e 3/ inch.

3. E-xes uzed in the puxmp kouze shall be siuminum, galvanized steel,
=zt g or vast aluminom,

e, mywes used dn all siher Iscatiornz shall be cast steel or cast iron wiih

i sien resistant finier, <hreadel hubs and gasketed covers. Roxes
stail sonform to the Jeint Industry Conference Elsctrical Standards
for Trdistrial Eguipment specifications for seal-tight fittings.

9. SOMTRUTCRS
Fel CENERAL

Wirz and csbie ghall be cf the type specified herein. Size ard number
22 samiZistore snall be as shown on the drawings.

9.2 TTUTIDNT WIRE - 60C VOLT

5. Trermeplasilc ingsulated wire shall ccnform to Henford Standard
zsrificaticns HWS-8002-3, Thermeplastic Insulated Wire and (stie.
Tz_e insulation thickness of Type TW wire shall be in accordance with
*~e inzulated Pcwer Catle Engineers Association (IPCEA) Standard
3-19-81, Feb, 1951, Apperdix I, Table I, as fallows:

ri

Siz2 AWG or MCM Thiskress in 6Lth Izeh
18-9 3
g i
7-2 i

7

Tee minimm wire size focr lighting and power circuits shall be No. 12
AW3. Tniees otherwise specified, wire sizes No. 8 and larger snall te
strarded and No. 10 and smaller may be sciid, except that all contrel
wire sxd equipment grourding conductors shall be stranded. Al
zomisxters shall be coprer, unless shewn sctherwise on the drawirgs.
9.3 TIFEST B'LTP.IAL CAFLE

Sirzet rarial csble shall te Type Uf ard shall have the mumber of corductcrs
4x1 zize soown on the drawings.

-26- EWS-8262
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{ MATERIALS - Ccnt)

CROUNDING CONDUCTORS

Jrounding conductors shall be stranded bare copper wire of the size
ghown on the drawings.

SOLDERIESS CONNECTORS

Pregsure type solderless connectors and terminal lugs for use with
tuiiding wiring not exceeding 600 volts between conductors, shall be
+he following or approved eguals:

For Conductors No. 8 AWE ard Smaller

1) Tdesl Industries; Inz. ’ - Ideal Set Screw Type

{2) Burndy Engineering Co. - "Hydent"

{3} Minnesota Miring & Mfg. Co. - "Scotehlek"

For Comducters No. 6 AWZ ard Larger

(1) Zurndy Ergineering Jo. - "Hydent" or Screw Pressure
Connectors

'2) Erizo Products, Ins. - "Cadweld" connectionz

WOREKMANSEIP

INSTALLING GUY AND ANCHOR

2, Backfill around ancheors shall be thoroughly compacted throughout
the entire depth cf the hcle,

L. Down guy ehall be run at an argie of U5 degrees. Guy rod set in

earth shall be in lire with the etrand and shall have not lese than
6 inches nor more than 12 inches of rod length exposed. All anchor

rod shall have double thimble eyes. Down guy shall be provided
with esteel guy guards.

€. Cuys and anchers shail be installed according to Hanford Standard
D-b-1d,

-27- HWS-8262
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WIRKMANSETF [Cont'd)

ALUINY EOTLDING SROSNDING SISTEMS

1z,
1z.2
3.
D.
e
d,
12.2
Lo
T
T
T,
Za
12
-~

YRIER

V2 ELECTRODES ANT CONNESTZONS

Grourding snani te by means of ag existing greind syetem, the turied

Jf‘,;::.:-:a liz=r arid ap underground water pipe in ascordance with the
vi- gu

AL gorirdleg sorilruzzt #23ll be ihe size shown on the drawings.

Zuriszd groiucding cabls 22all Yz orotected agairst all mechanical

damsas before and durdng tackfill., PFazkfill material within one foot

2 the cable shall not zontailn rocks larger than two inches in diameter.

s iz gu__ding cndactars that are 4o be buried - earth
YU 2 bty thz Thermite fugion process.

‘em jointes apd taps shall ncv be grester
zams lengitn f cortimaoue conductor.

E¥ AND EJJIFMEND ZROINDING

Groupdipg methods szall te aszcording +o the follicwing Hanford Stardards:
D-2C=1C Fasiz Requirements and Conductors
D-2C- "(‘a. Servicss, Pansls and Conduits
D.2C-10:  L8C and 277/LBO volt Systems

acnrextizns ehal> ot b2 ugel. Cadweld or btrazed ground
ons &re pErmaitted. :

i tre drawizgs, the term "eg:ipment" shall te
a:l exposced metal parts of a wirirg system Inmsiuiicg
me*sl armer -f zables, cativete, moitor frames., motor

The grovaddng ~coninstor gkall in no casge bz the system neutral cr

ariy surrerd carryleg coraoator.

AL coniiits, zxd the armer of armored :sbie stall te concected at

sack zrd of ihke groizdirng condictor Ssro firmly attacksd at each erd,

w;t:—. % oglod electrizal otritact, 1o a grzicded ccnrectien box. Groand
inresticns muss be mads > tke groundarg somdustor at each tox.

and 1m" switches shell be identified
tisn by mears of letitering o ~r Ly namepiates attachsd +o
'« Tnie idertificavicn s’-al,. J..".u:'lv tre Jesignation, use,
apker of phases.

28 BWS-82€2
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WORKMANSEIP {Cort'd)

INSTALLING CONIUITS

&,

(¥

foeditte skall be run parallel to oxr at right angles with the lines of
the btuildirg. All tends shall be made with standard conduit ells,
21223 bends, cz screwed jolmted conduit fittings.

A1l condait field btends shall be made with standard bending devizes
ard shall rave an inmer edge radius not less than specified in the
Fatioral Electrical Code. All benis shall be free of dentis or flattening.

A_'L_. conduit skheil be cut sguare, reamed, burrs removed, and cleapred
efcre the introduction of wires cor cableh Immediately after install-
a.tim:, all conduit ends shall te plugged or capped with stardard ccnduit
aocessories until wires are pull=ed.

‘a

Comiit jeints shat® we 2% up tighi. Hangers end fasterings shell be
: e ard of & type appropviate in Jesigr and dimensicns for the

T¢ lar appli..-aucn., Mdﬂm distances between zupportis shall be

N Zor 3/& imeh condzit or cmalier and 10 4 for cne inch conduit and

il unz shall be straight ani plumb. Elkows, offsets and bexnds

shaJ..‘L Le uniform and symmetrical.

Coug r_.__g‘-, cornectzrs and fittings shall be aprroved types and shall te

1“:_5 iled %o proviﬁe 4 rigid mechanical assembly and positive elentricsl
'(

Coetivity

(e
(x

¢alvarized steel locknuts and bashings shall be used for attachment

o enelosures uniess a thresded hah isf provided. In addition, grourd
weﬁges or tushings shall te installed &as rzquired by the grounding
stenderds referarced in paragraph 13.2 "System and Equipment Greunding.”
Thresdiess fittings are ot permitted. EBricsom type couplings shall

e uged where reguirel. Runnisg threads are nct permitted.

O
fré-hole plpe straps used for supporting copdeit shall te equipped with
sLampenacks.

CorGuits shall be rus withcout meisture traps where possibtlie. Where dips
sre L...;avc'idab.:.e, & a1l Tox or condulet with drilled hole shall te

vieced at each Low point 4o provide a mearns of escape for moisture.
Ligprid-tight Flaxible condueit iz permitted in sections three feet or
lers to male cornecticns to moters or cther eguipment where the use of
rigid cornduit is Impractical.

INSTALLING CONDUCTORS

a.

Wire smalier than No. 12 AWG ¢hall nct be installed unless specifically
indinatel on the drawings.

-29- HWS-8262
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Y. Qlrendt conductor cclor coding shall he:
Singie-Thase Three-Phase
5 1'-?::. 1 = Black A Phase -~ Red
2 ~ Red E Phase - Yellow or Oranges
- Write C Pnase -~ Blue or Black

-r,;m‘ - {freen or Eare Neutral - White
Grournd - Green or Bere

Pressvre-sensitive plastisc colored tepe may te used tc identify the
soncuotors in lieuw of colored insulstion. Tape marking shall be
EPL.l...G'l at esch ,ju“cuior,. a.nd outiet box and shall bte a minimum of
Ywo inches ir width. zler codirg shall be maintained throughout
eacrn wiring system to the ccm:uection tox at the poaint of utilization.

red foapstone or other arproved manufactured compounds shall te
wreze a lubricant is regaired for pulling in wire and cable.

4. AL zontrel conductor termivations 2
serrespond Lo the wiring disgram., TI
imprinted tubular piastic wire markers.

hall be marked with a number to
e ma:rkl_g skall ©be by means of

IRSTALLIMG DIRECT BURIAL CAELE

{?ab.‘.s:7 vhere specificailly shown oz the drawings as direct burisl runs,
ghel te burisd a minimum cf 18 irnches deep, embedd=d in = sand cushion,
ard eovered with 1 bty 8 inch pressure creosote-treated boards before
reckTiiling., The gand cushion shall e 2 mirimum of 3 inches in thickness
cr. &ll sides of the cable. Underground runs shsll te permanently marked
with marker posts conforming +o Hanford Stapdard D-15-48.

MAKTINZ SPLICES, TAPS AND CASLE TERMTIATIONS

2., Bplices and taps in 600 volt bailding wire No. 8 AWC and smaller shall
‘r:-& made mechanically strong;, soldered and taped sxcept that any of the
zidarleys connectors dessribed under Section 10, "SOLDERLESS CONNECTORS
msv be substituted. For conductors No. 6 acd larger, joints shall te
made with connectors, teee, lugs. ete. as descrited under the above
paragraph.

in
.

.1derless connections shall be uged according to the manufacturer's
tructions. For connector types, which require installation tools,

proper tool made es -e\.la.lly for the connector shall be used. Coonecors
ihout insulating covers shall te taped.

¢c. Piastio ingulating tape made especially for electrical work shall be used
for all eplizes and taps on circuits up to 600 volts. The thickness of
inslating tape shall be at least equal to that cf ¢onductor insula
Where a bolted splice or connection presenle an irregular surface, an
insulating putty, "Scot:hf111" or approved squal, shall be applied to
jeints before taping.

-30- HWS-8262
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WORKMANSHIP {Con'd)

LOZATEION OF EJDTPMENT

" 'I‘Le
tor snall verify critical {iimensicns as shown on the drawings ard
all Zield measaremerts necessary to prepare shop drawings es
regquizsd for installatiocn of the werk. Note that the locstions of all
samit switches ars eritical.

INSTALLIND DOXES

a. Foxsg shall be sized ard installed in accordance with the National
Eleotrical Czde, unless luarger sizes are shown on the drawlngs.

T, Dowss shall ba\re cnly tke reguired cpenings o sccommodate the eondults
o -::a"'.'_e:s entering the box

REPECEICYN AND TESTITRY

lectrical equipment ard wiring inztalled under this division skall
cted and tezted by the Cortractor before any attempt is made to
+he squipment. Rezistance, current and voltage measurements

r e made as the work p*ogresaese The Contractor shall maintain a
egst ematic record by uslng a schedile or chart of all the tests arnd
mEastréments, Space skall be proviied to receord readings, dates, and
witpegees, A1l tests shall te witrpeseed by the Commissicn.

It o
¢ o
] 'g

T. Tre Jontractor shadl zorrest. w0 the zatiszfacticn of thke Commission, =il

ab-crma. o incorrsct wcndi’flﬁn:o

a. 4.1 zafety hazarde to wer and mechinery skall be corrected, Frames
2f motors shall te greunded.

. Veclitage, frequency ard mamber cf pheses of power supply shall correspond
witk thnsa required for the machirne.

strical cconrscticne shall be checked for tightness and proper

d. Leads t2 motors and power wiring shall be checked for proper numbering
ard czlor coding in accordance with drawings and specifications. Colcz
:0ding shall be as follows:

Phaze A - Red

Phase B -~ Yellow or (Qrange
Prasze C - Rilue cr Rlack
Nevoral - White

Grour.l -~ Green or RBRare

-3 AWS-8262
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WORKMANSHIF (Cont'd)

Aearings shall be inspected for prorer lutrication.

The shaft end play and freedoum of rotation shall be checked by hand
whers practiesl.

Leits shall be checked for the correct tensicn.

The voitage and current under rncrmal coperating load shall be measured
and rezorded.

WIRING SYSTEMS

.

A1l corduits and devices shall be ckecked for secure mountings and
roper attachtment.

Conduliets and junction boxes shall be checked for loose or missing

ALTETE .,
Condnit conrections shall be checksd for tightness.
A1l wiriog connections shall be checked for proper installation.

The proper ceclor coding for all wire and cable shall be verified. All
inzulsted ground conductors shall be checked for green cclor identification

All wiring and cable shall be tested vhase to phase and phase to ground
with & 500 veolt megger. The lnstrument manufacturer's instruction
pamphlet, sccompanying the instrument, will provide the deteiled instruz-
tions for methods of conducting the teste. Any device not capable of
withstanding the voltage and current of & megger test (such as relsys
and lamps) shall be disconnected or by-passed before the tesi is made.

MUTOR STARTERS

&

4

Earh starter shall be checked for proper nameplate identification.

Eguiipment and devices shall be checked with the drawings and schedulzs
<o segsure that they are correctly mounted and wired. The size and
rating of fuses and overlosad heaters shall Tbe verified.

Wire tag pumbers, terminal strip markings and wiring shall he checked
with the Grawings. Wiring shall be checked for standard color coding
oY phases..

Door £it and dcor handle interlocking features shall be checked to assure
that door cannot be opsned when unit it houses is energized. OQOperating
handle linkages shall have a minimum of slack or play. Hendle shall be
lockable in either the "on" or "off" position. The switch or breaker
position marker shall be checked for correct indication, i.e., switch

is "open" or "¢losed."

-32- HWS-8262
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(WORKMANSHIP - Cont)

e, All ewitch and starter mechanisms shall be checked to see that nmuts
snd bolts are in place and tight, that no pins or keys have worked
cut of place and that all cotter pins have sufficient spread. Mech-
anism rods and moving parts shall not bind and shall be in proper
working order.

f. Motor starters shall be operated several times to check for bindfree
operation of moving parts, proper contact area and pressure of main
and auxiliary contacts, and correct operating coil voltage.

g. Control transformers shall be checked for proper voltage ratio. Fuses
for the transformers shall be removed and checked for correct size
ard condition. All connections and mounting belis shall be tight.

h. Pilot light shall be checked tc assure proper indication of motor
operation. Push button shall be checked for connections and oper-
ability.

4. Insuleticn tests shall be made before energizing the control certer by
meggering all buses, internal cebling, breakers and starters to ground.

CCONTROL SYSTEM

The sontrol system shall be checked for proper operation of all functiors
of Door C. ' o

-33- HWS-8262
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Attachment 2

Vitro, 1964, Equipment Disposal Tunnel PUREX Facility Inspection Report
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Untted Shabtas Atcmic Sopmianion
Mehland Operations Office
Richlang, Yashington

Attention: M. B Kirz, Dewuty Divector
Comstruction Bapiresring Division

Subjects CAC-96L - Payex Hpsimwend Disposal Twmed
Centlomsm
| Avtached ave four coplés of the luspectlion resord on the
dailaves of the svbleet twmel.
Yory trdy yours,
VIR0 SNBINESAING COPAaN
By

ORIGINAL

Lo nk ¥2unoue o Cargag
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VITRO ENGINEERING COMPANY

A DIVISION OF VITRO CORPORATION OF AMERICA

CONTRACT AT(L45-1)-1697

EQUIPMENT DISPOSAL TUNNEL

PUREX FACILITY

INSPECTION REPORT

This report covers and enumerates the following events:

Title Page
Index Plot Plan 1

Observations and Reports of Initial Tunnel Backfill

Operations 2
Exhibi? "A"

Backfilling Procedure 3

Events Preceeding Tunnel Collapse L

Report of First Tunnel Collapse 5

Photographs 1 through 13

True Tunnel Configuration as Constructed and Not

7

_.-"‘ P -/
Ba.c_ikfilled»; £ 8
| Exhibit "B
Tunnel Deformation Due to Backfill Loading 9
Exhibit "¢"
Backfill Removal First Operation 10
Exhibit "D"
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Title Page

Backfill Removal Second Operations 11
Exhibit "E"

Controlled Backfill Operations 12
Exhibit "F"

Partial Backfill Operations 13
Exhibit "g"

Report of Second Tunnel Collapse 14

Photographs 1 through 4

Summaxry 16

N

N
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VITRO ENGINEERING COMPANY

A DIVISION OF VITRO CORPORATION OF AMERICA

{ CONTRACT AT(L5-1)-1897

EQUIPMENT DISPOSAL TUNNEL

PUREX FACILITY

INTTTAL BACKFILL IISPECTION REPORT

The following report of "Inspection of Backfilling Around Metal Arch"
was submitted by our Mr. P. W. Armstrong on January 20, 1964 and is

reproduced below and also attached as Exhibit "A".

"Inspection of backfilling around metal arch tunncl was made
and the following conditions were found to exist.
1. The butt-angle gusset plates on the arch rib assembly

have broken.

7

2. In an ares of approximately 600 linear feet of metal
arch tunnel, there are approximately 32 welds that have

broken.

3. There is also some indication of cracking or stress

vhere the butt—a{iie is welded to the arch rib.
S

L. Inspection was made from the top of the metal arch

(outside).

5. It is suggested that the contractor evaluate his back-

filling procedure and submit a proposed method of

repair of broken gusset plates."

.\\—
-2
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PACKFILLING PROCEDURE

Backfilling procedure as utilized by the contractor, consisted of the use

" of two (2) D-9 Bulldozers, one (1) used on each side of the tunnel and

grading along lines at right angles to the tunnel. Backfilling on either

© gide being more or less equal.

Objections were extended, on several occasions, because the coﬁtractor
was grading toward the tunnel on an even grade level, with the backfill
level at the tunnel surface. This method transmitted unnecessary loading
from the fill being moved against the sides of the tunnels. Also, 1t
was necessary, with this method, to bring the mass of the bulldozer
weight within the loading zone of the tunnel wall. Therefore, a part

of the 40,000 pound weight of the bulldozer was being imposed on

tunnel structure.
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LEVENTS PRECEEDING TUNNEL COLIAPSE

4
Re_cogniza:tion of the critical nature of these observations ; and that

' they constituted a degree of structural failure of the tumnel const-
ruction, Mr. Armstrong was instructed to. contact a representative of

the contractor immediately.

These conditions were discussed with the contractor's Superintendent,
Mr. Leonard Berg. He indicated that all welds would be repaired
before final or top of arch backfill campletion. Mr. Berg outlined
the method of backfilling that he intended to use for the remainder
of his backfilling operations. He stated that he planned to build
up & bank of fill next to and parallel to the metal arch and tumble

the f£ill onto the metal arch rather than-push tbe fill ageinst the

metal arch.

These observations were reported to the Atomic Fnergy Commission Area
Engineer, also to the General Electric Project Engineer, Mr. W. C. Arm-

strong.
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BEPCET 770 PIRST TUNNEL COLLAPSEH

’

On January 22, 1964, at about 10:30 A.M., approximately 75 linear feet

section of the metal rib and pan portion of tunnel collapsed. This

section is located at stations T plus 13 to 7 plus 98, near the north

end of the tunnel. Ribs and pans were distorted beyond contract

geometry for about 18' feet north and 25 feet south of these points.

Structural failure occurred while backfilling operations were in

progress with two (2) bulldozers.

The following points of failure are evident:

1.

L,

Extreme deformation of ribs caused complete failure
of welding of gusset plates, located adjacent to and

about Vertex of the arch.

Shear failure of weldment that attached ribs

(6 I 12.5) to base plates.

Shear failure of base plate occurred in two (2)
instances. The shear tear was longitudinal to

the tunnel and across the two anchor bolt holes.

Detalled examination of weldment indicated they gen-
erally did not conform to design requirements. The
weldment attaching ribs to the base plate were designed
as one-quarter inch (1/4"). On one side of the I-Rib
member they were equal to or slightly in excess of this
requirement. On the opposite side, they were about
one-eighth inch (1/8") to three-sixteenth inch (3/16")
or less. The angle gusset plate welds were designed
as one-eighth inch and were frequently less. There is
. 5-
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> S N 7oA, - o R R
eviacnee that wo ~wing vas performed vsins

o criessive

anperase rendiiag in embrittlement of weldnent .

The Following photographs are included to establish a record of the

various views of the initial tunnel collapse as enumerated.

PHOTO NO. DESCRIPTION
1 View looking South, thru incompleted tunnel

section, showing backfill drift and collapsed

section.

2 View looking South » showing backfill contour
and inside configuration ai shear point of

collapsed section.

3 View looking North, shoving backfill drift

over collapsed section.

L View looking South, showing West side

of collapsed section.

5 View looking South, shoving backfill contour,

deformation of tunnel end and backfill drift.

6 View showing structural failure of rib
connector clips (about tunncl centerline

or vertex).

T View of East side concrete Tooting, showing
rib anchor bolt damage and footing damage.

6=
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PHOTO HO, DESCRIPTION
8 View of East side footing, showing rib
anchor bolt shear and footing damage.
9 View of East side concrete footing, showing

rib anchor bolt, rib base plate and footing

damage.

10 View looking South, showing remaining

backfill on North end of collapsed section.

11 View of West side footing, showing rib base

plate deformation.

12 View looking South showing East side concrete
footing as uncovered, collapsed section,
and deformation of South end of collapsed

section.

13 View looking East, showing backfill drift

at collapsed section.
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- PHOTO NO. /
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PHOTO NO. 2
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PHOTO _NO. 3
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- PHOTO NO. ¢
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~ PHOTO NO. 5
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PHOTO NO. 8
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- PHOTO NO. 9 |
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’ PHOTO NO. /3 |
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GURATION A3 CCNSTRUCTED AND NOT BACKFILLED

Three (3) locations were arbitrarily se

lected to determine datum config-

uration of tuhnel, as constructed and unloaded.

All elevations are in feet and relative toc the top of concrete footings.

These reports are attached as "Exhibit B".

As a reference of datum elevations and dimensions the following appear

to be representative:

Dirension
Elevation
Elevation

Elevation

BElevetion

Elevation

B:

2:

3
L

6

5.
.

Elevation 5

T:

Elevation 8:

Elevation 9:

Elevation 10;

B-73

32'5-3/4"
5.32 .
10.05 Tt.
13.79 Ft.
16.20 Ft.
17.04 wt.
16.19 Ft.
13.78 rt.
10.05 Ft.

5.32 Ft,
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LUNNEL DEFORMATION DUE TO BACKTILL LOADING

Backfilling against tunncl walls, to a depth of ten (10) o twelve (12)
feet above top of footings had been completed for approximately 600 lineal
feet. To accurately cstablish the extent of structural deformation due
to backfill loading, six (6) Positions were selected for checking. These
Positions were located with Position Ihaber 1 at 3tation 10 plus 18 and

at about two hundred (200) foot intervals southward.

Examination of these results indicate 4 t backfilling against the side
walls of tunnel and no backfilling or concentric loading of top of
tunnel arch resulted in flattening or tenden cy toward straightening of
sides. This indicates a maximum derformation (peaking) at elevation 6

of 0.40, a minimum of 0.194 and an average of 0.267 fect.

Hote that the maximum deflection (shortening) at Dimension 'B' was

5-3/4" at Position Number 6.

This report is attached as Dxhibit "¢
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PACKFILL REMOVAL FIRST OPERATION

On January 30, 196k the Contractor started operations to partially

remove the backfill and relieve the structural deformation. Approx-
imately five (5) feet of backfill was removed from each side. To
determine the extent of deformation recovery toward normal or constructed
shape, we again checked dimensions end. elevations at Position Numbers 1
through 6. Maximum recovery at elevation 6 was 0.12 foot at Position L,
minimum 0.0k foot at Position 2 and the average was 0.08 foot. Max-

imm recovery at Dimension B was 1-1/2" at Position 6.

It is eviden®t that no significant deformation recovery was realized.

This report is attached as Exhibit "D".
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BACKIPILL REMOVAL SECOHD OPERATIOHS

In an effort to gain maximum recovery of tunnel deformation an additional
 four (4) feet of backfill was removed. Recheck of Positions 1 through 6
indicate that maximum recovery occurred at elevation 6, Position 4.

Maximum recovery at Dimension B was 2" at Position 5.

Deformation of structure at elevation 6 averaged L-1/2". At Dimension 'B*

the average was 1-5/8".

This report is attached as Exhibit "B".
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CORTROLLED BACKFILL OPERATIONS

A new backfilling procedure, designed to concentrically or radially
load metal arch tunnel structure was started on February 15, 196hL,

A Jocation was selected that was about Position MNumber L as previously
recorded and reported. To accurately monitor the tunnel ﬁeflection
during this operation, three (3) sets of uprights (story poles) were
installed. Each set consisted of a vertical at the tunnel centerline
or vertex, and a diagonal at about 35° to either side. Diagonals and
verticals were ca;éprated at hundreths of a foot. FEach set was spaced
about eight (8) geét:ﬁpart. This backfilling procedure utilized a
drag-line to fill on the top of the tunnel arch first and allowed the
material to spill laterally over the sides of the arch at the same
time, and also assuming the natural angle of repcse forward in the
direction of backfilling. Concurrent with top of arch ill, the elevation
of the angle of repose along the tunnel sides was decreased with D-9
equipment to build up a "heal" to support the repose. Vithin the
limits of practicability, the concentric loading objective was accomp-
lished. The 'tabulation' indicates the tunnel deflection, at the time
intervals noted during backfilling and the report indicates the final

deformation at completion of backfilling.

It is notable that the last readings taken at Elevation 6 indicated
continued deflection after two (2) days. Approximately four (L) feet

of this backfill was immediately removed by the contractor.

This report is attached as Exhibit "F"
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