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EXECUTIVE SUMMARY 

The Single-Shell Tank Integrity Project (SSTIP) Expert Panel (Panel) was established by 
Washington River Protection Solutions (WRPS) to provide recommendations for implementation 

of an enhanced SSTIP. The Panel documented their findings in RPP-RPT-43116, Expert Panel 
Report for Hanford Site Single-Shell Tank Integrity Project. In Recommendation SI-3, Obtain 

and Test Sidewall Core, the Panel recommended obtaining and testing a vertical core from the 
entire depth of the sidewalls for two tanks that have leaked and had been operated at high 
temperatures for extended periods. Due to concerns over handling contaminated samples, the 
Panel later recommended that the evaluation focus only on thermal degradation. As a result of a 
systematic planning process, the decision was made to proceed with coring a single tank that was 
exposed to high heat and had not leaked. After extensive discussion with stakeholders, Single­
Shell Tank (SST) 241-A-106 was selected as the best choice for sidewall coring based on heat 
exposure and other factors. The sidewall coring project was established to remove and test the 
core from the sidewall of tank A-106. 

During site preparation activities, nondestructive testing and evaluation (NDE) of the exposed 
tank dome and sidewall was performed using Impact Echo (IE), Spectral Analysis of Surface 
Waves (SASW), and Sonic Echo/Impulse Response (SE/IR) acoustic wave test methods. Good 
results were observed in the tests performed on the dome, but results were inconclusive for the 
full wall height due to signal damping. Results indicated that no cracking was predicted in the 
upper wall. 

Sidewall coring of tank A-106 was completed over two weeks in May 2014. Over 38 feet of 
concrete core was successfully removed, to a depth approximately halfway through the tank 
footing. Rebar was encountered in the haunch, but the number of bars cut did not exceed the 
defined limit established in the drilling plan. Verticality of the core hole was effectively 
maintained throughout drilling, with a horizontal deviation at final depth of approximately 7/8-
inch, significantly less than the 2-inch maximum allowable. 

Nondestructive and destructive physical testing of the concrete core specimens was successfully 
performed by CTLGroup in Skokie, IL. The testing included visual examination and 
determination of transverse and longitudinal resonant frequency and dynamic modulus of 
elasticity; pulse velocity; static modulus of elasticity; Poisson's ratio ; and compressive strength. 
The testing indicated favorable results with values generally greater, and in many cases 
significantly greater, than expected in comparison with the values originally specified and those 
used in the current Analysis of Record (AOR) for the type of tanks in A-farm. Petrographic 
analysis was performed to assess the quality and condition of the concrete and the extent of any 
deterioration or deleterious reactions occurring within the concrete, and determined that the 
concrete within the examined core segments is in overall good condition, with a minor amount of 
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microcracking and minor evidence of deleterious mechanisms that do not appear to have 
significantly affected the overall quality and integrity of the concrete. 

The results of the testing performed on the concrete core removed from the sidewall of SST 241-
A-l 06 do not reveal any deficiencies with the structural integrity of the tank. While obtaining 
actual current material property data on a Hanford SST is a key aspect of the overall Hanford 

SSTIP, the data obtained from the 24 l-A-106 sidewall coring project will also satisfy the 
Hanford Federal Agreement and Compliance Order, also known as the Tri-Party Agreement, 
target M-045-91B-T0l , 'DOE shall provide Ecology a report containing the results and 
interpretation of testing, and analysis, pe,formed on the concrete core obtained from Tank A-106 
or alternate tank. ' 

lll 
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1.0 INTRODUCTION 

The Single-Shell Tank Integrity Project (SSTIP) has implemented expert recommendations to 
examine the structural integrity of Hanford Single-Shell Tanks (SSTs). One recommendation 
states that obtaining and testing of concrete core removed from the sidewalls of SSTs should be 
performed. Over 38 feet of3 .3-inch nominal diameter concrete core was removed from SST 241-
A-106 and shipped offsite for testing. This report provides the results from inspection, physical 
testing, and petrographic examination of the core specimens. The results of physical testing 
provide engineering mechanics properties that are compared to those used to perform the 
structural Analysis of Record (AOR) for the type of tanks in A-farm. Additional results are 
provided from the nondestructive testing and evaluation (NDE) of the exposed tank dome and 
sidewall performed using acoustic wave test methods prior to coring. 

1.1 Background 

The Hanford Site Tank Operations Contractor (TOC), Washington River Protection Solutions 
(WRPS), initiated the SSTIP to improve the understanding of the integrity of the SSTs until the 
waste can be retrieved from the tanks for treatment. The SSTIP Expert Panel (Panel) was 
established by WRPS to provide recommendations for implementation of an enhanced SSTIP. 
The Panel documented their findings in RPP-RPT-43116, Expert Panel Report for Hanford Site 
Single-Shell Tank Integrity Project. The Panel provided their logic for the development and 
prioritization of their 33 recommendations with ten providing the basis for a robust plan to 
enhance the understanding of the SST integrity. The WRPS adoption of 16 of the Panel's 
recommendations is addressed and documented in RPP-PLAN-45082, Implementation Plan for 
the Single-Shell Tank Integrity Project. 

One of the four key elements from the Panel is to improve the understanding of the SST 
structural integrity (designated as "SI") . In Recommendation SI-3, Obtain and Test Sidewall 
Core, the Panel recommended obtaining and testing a vertical core from the entire depth of the 
sidewalls for two tanks that have leaked and had been operated at high temperatures for extended 
periods. Due to concerns over handling contaminated samples, the Panel later recommended that 
the evaluation focus only on thermal degradation. 

The Hanford Federal Agreement and Compliance Order, also known as the Tri-Party Agreement, 
for the SSTIP has a target that focused on this activity: 

• M-045-91B-T0l , "DOE shall provide Ecology a report containing the results and 
interpretation of testing, and analysis, performed on the concrete core obtained from 
Tank A-106 or alternate tank.", due January 31, 2015 . 
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1.2 Objective 

The intent of this report is to describe inspection and testing results of the concrete core removed 
from the sidewall of tank A-106. The report also provides information resulting from NDE of the 

exposed tank dome and sidewall prior to removal of the core. The results from the concrete 
testing are compared to the values used in the AOR for the type of tanks in A-farm and the 28-
day design compressive strength of 3,000 psi originally specified for the tanks in A-farm during 
their construction in the rnid-1950s. The AOR is a detailed finite element modeling and analysis 
effort performed to understand the structural response of the SST during thermal and operating 
loads and during seismic events (Panel Recommendation S 1-1 in RPP-RPT-43116) . 

The main sections ofthis report are presented as follows: 
Section 2 presents a summary of the extensive activities performed prior to coring to 
ensure the significant risk project would be completed safely and successfully, including 
systematic planning, structural analysis, technical expert and stakeholder review, and 
successful demonstration and mockups of the planned core drilling. 
Section 3 presents a summary of the coring activities and discussion of the removed core 
and the core hole. 
Section 4 presents a summary of the NDE testing performed on the tank dome and 
sidewall prior to removal of the core. 
Section 5 presents a summary of the testing performed on the removed core and a 
comparison of the results. 

2.0 ACTIVITIES PERFORMED PRIOR TO CORING 

This section presents a summary of the activities performed prior to coring and the associated 
project support documents. The sidewall coring project involved obtaining concrete core from 
SST 241-A-106 that still contains waste. Consequently, there were potential risks to human 
health, the environment, and the structural integrity of the tank. However, as a result of 
systematic planning, structural analysis, technical expert and stakeholder review, and successful 
demonstration and mockups of the planned core drilling, the risks were identified and minimized 
to the extent practical. 

Sidewall coring was successfully completed on an SST before in 1981 with the coring of the 
concrete sidewall of 241-SX-115. Lessons learned from the 241-SX-115 coring activities were 
incorporated into the planning for the 241-A-106 sidewall coring project. 

2.1 Planning 

The systematic planning process, data quality objectives (DQO), defined by the U.S. 
Environmental Protection Agency was used to determine whether a concrete core sample should 
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be collected from a SST and if so, determine the tank to be cored. As a result of the DQO 
process, the decision was made to proceed with coring a single tank that was exposed to high 
heat and had not leaked. Tank 241-A-106 was selected as the best choice for sidewall coring 
based on heat exposure and risk factors such as accessibility to the tank, interferences from 
retrieval, remaining waste volume, and expected soil contamination around the tank. The DQO 
process and evaluation is further described in RPP-49300, Data Quality Objectives for Single­

Shell Tank Sidewall Coring Project. The waste temperatures in tank A-106 reached a high of 
594°F (the highest of all SSTs), as shown in Figure 2-1. 

-LL 
0 -f! 
::::, -f! 
G) 
a. 
E 
{!!. 

Figure 2-1. Tank A-106 Waste Temperature 
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Source: RPP-PLAN-47370, Figure I 

From the DQO process, a sampling and analysis plan was developed to provide an overview of 
the process that would be used to collect sidewall core specimens and the quality assurance 
project plan elements that would be required to perform the work. This is further described in 
RPP-PLAN-50182, Sampling and Analysis Plan for the Single-Shell Tank Sidewall Coring 

Project. 

The sidewall coring details were extensively documented in a drilling plan. RPP-PLAN-47370, 
Sidewall Core Drilling Plan for the Single-Shell Tank 241-A-106 Sidewall Coring Project, 
described tank selection; site preparation; coring technique and control; demonstration of coring 
capabilities; concrete testing to be performed on the removed core; project, quality assurance, 
environmental, safety, and health requirements; and project deliverables. Specific risk mitigation 
addressed in the drilling plan included core hole deviation control, avoidance/limitation of 
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cutting rebar, and the ability to discontinue core activities during advancement of a core hole and 
move to an alternate core hole. The 241-A-106 sidewall coring concept is illustrated in Figure 2-
2. Additional discussion on the sidewall coring details is presented in Section 3 ofthis report. 

Figure 2-2. Tank A-106 Sidewall Coring Concept 
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Source: RPP-PLAN-47370, Figure 6. Not to scale. 
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RPP-PLAN-50307, Single-Shell Tank Sidewall Coring Project Environmental Plan, and RPP­
PLAN-50376, Single-Shell Tank Sidewall Coring Project Sampling and Analysis Work Plan, 
further identified the statutes and environmental regulations applicable to the sidewall coring 
activities and how the regulations would be implemented. The description of and criteria for 
performing demonstration testing (Section 2.4 of this report) to ensure that coring could be 
performed were documented in RPP-PLAN-47369, Core Drilling Demonstration Plan for a 

Single-Shell Tank Sidewall Coring Project. 

2.2 Analysis 

RPP-CALC-53887, SST 241-A-106 Sidewall Coring Structural Analysis Dome Loading and 4-
in. Plug Removal from Tank Sidewall, evaluated a finite element model of the tank and 
surrounding soil for several scenarios, including a baseline pre-drilling case, a soil-offloading 
case with an excavated hole in the soil for the caisson installation, and a during-drilling case with 
a caisson hole in the soil and applied live load from drilling operations. The model used 
degraded concrete properties from RPP-46442, Single-Shell Tank Structural Evaluation Criteria, 
due to the high temperatures experienced by the tank over a long period. The finite element 

model of the concrete shell and the full model including soil are shown in Figures 2-3 and 2-4, 
respectively. 

The demands from the three scenarios were compared to code calculated concrete capacities 
corresponding to the section being evaluated (i.e., wall, haunch, and dome). The during-drilling 
scenario included capacities with the 4-in. nominal core hole removed where the section rebar 
was left intact and also where tension or compression bars were cut. Additionally, the caisson 
liner plate and the effects on the concrete from backfilling the core hole with non-shrink grout 
were evaluated. The analysis concluded that the drilling activities do not negatively impact the 
structural integrity of the tank. 
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Figure 2-3. Concrete Shell Model Detail 

i;aitl-.,i •••• l •• llllllll1t 
. ',' --

Source: RPP-CALC-53887, Figure 2-6 

Figure 2-4. Full Model Detail 
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Source: RPP-CALC-53887, Figure 2-2 
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2.3 Review 

The 241-A-106 sidewall coring project was extensively reviewed by WRPS technical experts, an 
Independent Qualified Registered Professional Engineer (IQRPE), and project stakeholders (U.S. 
Department of Energy (DOE) and the State of Washington Department of Ecology) . RPP-RPT-
54764, Independent Qualified Registered Professional Engineer (JQRPE) Report for Single-Shell 
Tank 241-A-106 Sidewall Coring Project, made several recommendations that were incorporated 
int? the revised drilling plan, and concluded that the sidewall coring would not adversely affect 
the structural capacity of the tank provided the planned controls were met. Originally, Ecology 
was not convinced that the data obtained from coring into a tank that still contained waste was 
worth the potential risk to human health and the environment. However, as a result of the 
extensive planning conducted (i.e., the DQO process and development of the sampling and 
analysis plan described in Section 2.1 of this report) and observation of the successful 
demonstration (Section 2.4 of this report), Ecology recommended proceeding with sidewall 
conng. 

2.4 Demonstration 

Demonstration testing was conducted in July 2011 on a subsurface reinforced concrete wall of a 
mothballed nuclear power plant containment building. The purpose of the testing was to 
demonstrate the capabilities of the proposed coring method, feasibility of the operations, and the 
ability to conduct activities safely. The objectives were' established specifically to address 
concerns on the ability to control and measure vertical deviation, obtain intact core suitable for 
strength testing, and provide for control of the circulating fluid for waste minimization and 
contamination control. The demonstration report concluded that the demonstration was a success 
in meeting all objectives and supported the decision to move forward with the coring of the tank 
sidewall. Demonstration testing is further described in RPP-RPT-50714, Demonstration Report 
for the Single-Shell Tank Sidewall Coring Project. Lessons learned and recommendations for 
improvement from the successful demonstration were incorporated into the revised drilling plan. 

Prior to coring, a series of mockups were conducted to familiarize personnel and train operators 
and to provide proof of principle of the design changes made subsequent to demonstration 
testing. The proof of principle mockup is further described in RPP-RPT-58116, Sidewall Core 
Drilling Report for the Single-Shell Tank 241-A-106 Sidewall Coring Project. The core rig setup 
at the demonstration/mockup test site is shown in Figure 2-5 . 
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Figure 2-5. Core Rig at Demonstration/Mockup Test Site 

Source: RPP-RPT-58116, Figure 8 

3.0 CONCRETE CORING ACTIVITIES 

This section presents a summary of the coring activities and discussion of the removed core and 
the core hole. A detailed description of the coring operations conducted and the documentation 
completed is provided in RPP-RPT-58116. 

3.1 Site Preparation 

To facilitate excavation of the soil over the tank haunch, an 8-ft diameter caisson consisting of 
corrugated metal liner plates was installed as excavation advanced. The final excavation 
extended approximately six feet below the top edge of the tank haunch. Once excavation was 
completed, the asphaltic membrane covering the concrete was removed and NDE testing was 
performed on the exposed tank dome and sidewall (Section 4 of this report). The haunch and 
sidewall surfaces were scanned using concrete penetrating radar and the identified locations of 
rebar were marked to aid in positioning core hole entry points. With the entry points identified, 
vertical alignment assemblies were installed, a concrete pad covering the haunch and exposed 
wall was placed, and a lid was placed over the caisson. The completed construction inside the 
caisson is shown in Figure 3-1. Mobilization and alignment of the core rig and equipment 
completed site setup. 
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Figure 3-1. Completed Construction in Caisson 

01 .14 .2014 13 :57 

Source: RPP-RPT-58116, Appendix A 

3.2 Coring 

Coring of the tank sidewall was initiated on May 6, 2014 and retrieval of the final core run was 
completed on May 21 , 2014. A total of 13 core runs were made, retrieving 38.3-ft of 3.3-in. 
nominal concrete core from the tank haunch, wall, and footing. The coring activities took a total 
of only eight hours of actual drilling time to cut the total core length, with no difficulties, 
equipment failures, or core hole problems occurring. 

3.2.1 Vertical Survey of the Core Hole 

Verticality surveys were conducted at the beginning of the coring and following completion of 
each core run. The final verticality survey showed a maximum core hole deviation of 0.070-ft 
(~7/8-in.) from horizontal, well within the maximum deviation of 2-in. allowed per the drilling 
plan (RPP-PLAN-47370) and shown conceptually in Figure 3-2. 
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Figure 3-2. Two Inch Maximum Deviation Concept 
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Source: RPP-PLAN-47370, Figure 8. Not to scale. 

3.2.2 Radiological Survey of the Core 

Radiological surveys were conducted on the retrieved core from the time the core barrel was 
pulled from the hole until the core was packaged for shipment. Fixed radiological contamination 
was detected on the core collected in core runs number 5 and 6 at core lengths of approximately 
4.4 and 4.6-ft, respectively, into the haunch. No additional radiological contamination was 
detected in the retrieved core, core cuttings, or on core tooling during the remainder of the coring 
activities. Dose measurements performed in the core hole indicated a higher dose rate at a depth 
consistent with the location where the fixed radiological contamination was found on the 
retrieved core. 
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The depth of contamination on the retrieved core is at a location near the top of the tank steel 
liner. During A-farm SST construction, lead flashing was installed above the liner in a groove 
cast into the concrete haunch and filled with grout, as shown in Figure 3-3. As there is not any 
evidence that tank A-106 was overfilled during waste operations, it is speculated that boiling 
waste or contaminated condensate may have run down behind the flashing or seeped through the 
grout, resulting in the fixed contamination and higher dose observed at this location in the tank 

sidewall. 

Figure 3-3. Flashing Detail above Tank Steel Liner 
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Source: H-2-55911 , Detail 360. The approximate location of fixed contamination and higher dose observed 
in the tank sidewall is shown circled in red. 

3.2.3 Cutting of Rebar 

Horizontal (hoop) rebar was cut in the haunch, but no re bar was cut in the wall or footing. Based 
on the analysis in RPP-CALC-53887 (Section 2.2 of this report), the drilling plan (RPP-PLAN-
47370) limited the number of consecutive hoop rebar that can be cut to no more than four. Three 
horizontal rebar were cut within relative proximity to each other at depths of 1.13-ft, 1.52-ft, and 
1.65-ft, but none of these rebar appeared to be cut completely through. The last rebar cut was at a 
depth of 4.8-ft and appeared to be a bent vertical (meridional) rebar extending up from the wall 
into the haunch. In no case was the established limit for cut rebar exceeded. 

3.3 Examination of the Removed Core and Inspection of the Core Hole 

Visual examination of the core was performed as soon as it was removed from the core barrel. 
Each segment was examined for the presence of rebar, air pockets, fractures, size of aggregate, 
and any anomalies. After the core was examined and labeled, each segment was photographed. A 
complete photographic record of the retrieved core is provided in Appendix J of RPP-RPT-
58116. A representative close-up photo of the top of Core Run #6 showing ( circled) the fixed 
area of contamination at 4.6-ft as described in Section 3.2.2 of this report (4,000 disintegrations 
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per minute beta/gamma) and the cut rebar at 4.8-ft as described in Section 3.2.3 of this report is 
shown in Figure 3-4. 

Figure 3-4. Top of Core Run #6 Photo Record 

Source: RPP-RPT-58116, Figure 18 

Overall the core was in good condition. The concrete in the haunch was observed to have a 
significant number of small air pockets measuring about a 1/16-in. in diameter. A few larger air 
pockets were observed in the core retrieved from the wall and footing. Several of the breaks in 
the core can be attributed to the coring method. A few of the breaks coincided with rebar or large 
aggregate. It is difficult to attribute any of the breaks to pre-existing fractures in the concrete; 
however, two breaks in the lower portion of the core retrieved above and below the wall/footing 
interface are clearly fractures. These fractures are further described in Section 3.3.1 of this 
report. 

The core was handled and packaged in accordance with ASTM C42/C42M, Standard Test 
Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete . Once the core 
segments were packaged, the packages were removed from the tank farm and appropriately 
shipped offsite to the testing laboratory for concrete testing (Section 5.0 ofthis report). 
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3.3.1 Fractures Observed Above and Below the Wall/Footing Interface 

Above and below the transition (construction joint) from the wall to the footing, the core showed 

two fractures extending both upward and downward from each end of what appeared to be the 
water stop. The water stop is a ¼-in. x 7-in. steel plate installed between the wall/footing 

interface, as shown in Figure 3-5 . The fractures are shown in Figure 3-6. 

Figure 3-5. Steel Plate Water Stop 

-
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• 
Source: H-2-55912, Section 302. The water stop is shown circled in red. 
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Figure 3-6. Fractures Observed in Core at Each End of Water Stop 

Source: RPP-RPT-58116, Appendix J. The construction joint is shown at a depth of37.38-ft. Fractures are 
shown above and below the joint. The length between the fractures is approximately the height of the water 
stop. 

The water stop can be clearly seen on one side of the core hole in the downhole inspection video, 
as shown in Figure 3-7. The edge of the water stop appears to have been cut into, but not 
through, by the core bit. The fractures can also be seen above and below the water stop in the 
video (e.g., see Figure 25 ofRPP-RPT-58116). 
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Figure 3-7. Core Hole Video Still Showing Water Stop 

Source: RPP-RPT-58116, Figure 23 

The fractures are graphically depicted in Figure 3-8 to provide their approximate orientation with 
regards to the tank. The fractures propagate towards the inside of the tank. Although the direct 
cause of the fractures is unknown, it is speculated that with their orientation towards the inside of 
the tank, the fractures may be due to out-of-plane shear forces imposed at this intersection as a 
result of soil backfilling operations. 
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Figure 3-8. Depiction of Fracture Orientation 
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As part of the AOR effort, RPP-RPT-49991, Single-Shell Tank Integrity Project Analysis of 
Record Tank to Tank Interaction Study of the Hanford Single-Shell Tanks, evaluated the shear 
friction across a diagonal crack at the bottom of the tank wall. The assumed crack is shown in 
Figure 3-9. While it is not known if the fracture seen at the top of the water stop propagates to 
each wall face, the crack analyzed provides a reasonable evaluation for comparison if it does. 
The largest demand to capacity (D/C) ratio for the assumed diagonal crack is 0.35, considerably 
less than the allowable of 1.0. The tank-to-tank interaction (TTI) AOR evaluated the SSTs in 
AX-farm, as they have the closest tank spacing in one direction, to determine the effects of TTL 
RPP-RPT-49992, Single-Shell Tank Integrity Project Analysis of Record Hanford Type IV 
Single-Shell Tank Thermal and Operating Loads and Seismic Analysis, evaluated the Type IV 
(1,000,000 gallon) SSTs found in A, AX, and SX tank farms. The A-farm tank design was 
selected as the bounding case for analysis. The shear and normal forces evaluated in the Type IV 
AOR do not vary significantly from those in the TTI study. As such, the fractures observed in the 
core above and below the wall/footing interface do not appear to impact the structural integrity 
of the tank. This is further addressed in Section 5.2.2 of this report that discusses the 
compressive strength results for the core segment above the water stop and in Section 5.2.3 of 
this report that discusses the petrography results for the core segments on each side of the 
wall/footing construction joint. 

16 

27 of 365 



RPP-RPT-58254 10/30/2014 - 12 :51 PM 

RPP-RPT-58254, Rev. 0 

Figure 3-9. Diagonal Shear Friction Crack Evaluated in Analysis of Record 

Source: RPP-RPT-49991 , Figure 8.47 

4.0 NDE OF THE EXPOSED TANK DOME AND SIDEWALL 

This section presents a summary of the NDE testing performed on the exposed tank dome and 
sidewall prior to removal of the core. During site preparation (Section 3.1 of this report), three 
acoustic wave NDE methods were used: Impact Echo (IE), Spectral Analysis of Surface Waves 
(SASW), and Sonic Echo/Impulse Response (SE/IR). A detailed description of the NDE methods 
and results is provided in Appendix B of this report. 

4.1 Impact Echo 

The IE test method uses sound waves to measure the effective thickness of a concrete member 
and also to locate cracks, seams, or flaws that are parallel to the test surface. The exposed area of 
the dome was gridded out on 6-inch intervals. Tests with the IE test method were conducted on 
6-inch intervals at all accessible points by pressing the test head against the dome and impacting 
each test point with a hammer. At a few test locations, the exposed concrete surface was too 
rough for the collection of usable data . The IE test method is illustrated in Figure 4-1 . 
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Figure 4-1. Schematic oflmpact Echo Method 
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Impact Echo Test - IE 

R.nectlon 
from back lid 
of test mtmbtr 

RefltttJon from a,.,k s de occiAt~ att a lower fr q11ency 
than tMt from 1ha OWff <on«•t 1ti.w intet#ac:e. 

Source: Appendix B, Figure 6 

The IE test results indicated that the dome portion tested is in overall relatively good condition, 
with most points showing only the thickness echo from the dome bottom. There were several 
points near the wall that showed a minor reflection about 15-18 inches deep. These points may 
have been affected by the curvature of the dome bottom or other geometry effects. 

4.2 Spectral Analysis of Surface Waves 

The SASW test method uses surface waves to allow the measurement of the velocity versus 
depth profile through a member and can be used to measure the depth of surface-opening cracks, 
measure freeze-thaw damage, and look for effects of heat or other mechanisms on relative 
concrete strength. Tests with the SASW method were conducted at 1-ft intervals on the gridded 
points of the exposed dome. At a few test locations, the exposed concrete surface was too rough 
for the collection of usable data. The SASW test method is illustrated in Figure 4-2. 
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Figure 4-2. Schematic of Spectral Analysis of Surface Waves Method 

~ . ( 

Source: Appendix B, Figure 7 

The SASW results showed that the overall average velocities of the concrete across the dome 
were consistently high. Most of the tested points showed a drop in velocity at 0.6-0.8 feet but no 
velocities that would be considered "low" after the drops (i.e., the velocities are all in a range 
that would be considered typical of "sound" concrete) . The cause of the drops could not be 
determined, but they appear consistent with a possible change in concrete material, mix design, 
or strength. The smooth transition between velocities for most locations indicated that any 
interface was well-bonded. 

4.3 Sonic Echo/Impulse Response 

The SE/IR method was used to examine wall concrete integrity and to look at the effectiveness 
of this method in assessing the condition of tank sidewall concrete below the excavation. Tests 
with the SE/IR method were conducted at three stations along the dome edge, with three receiver 
points centered above the wall on the dome top and three points with the receiver mounted on the 
wall side below the impact location on the dome top. The SE/IR test method is illustrated in 
Figure 4-3 . 
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Figure 4-3. Schematic of Sonic Echo/Impulse Response Method 
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Source: Appendix B, Figure 8 

The SE/IR tests done with the receiver mounted on the side of the wall all resulted in excessive 
ringing of the receiver, possibly due to mounting issues. The SE/IR test results showed only 
scattered weak echoes, with no echoes from the wall bottom evident . The signal mostly damped 
out with only a few very weak echoes seen, including one from about 23-24 feet where the wall 
thickness changes. There were no strong shallow echoes seen, indicating that there was not a 
significant crack parallel to the wall top and that there was not any debonding between the dome 
and the wall top expected. The interpretation of the results is further addressed in Section 5.1 .2 
of this report that discusses the pulse velocity testing of the concrete core. 
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5.0 CONCRETE CORE TESTING 

This section presents a summary of the testing performed on the removed core and a comparison 

of the results. A detailed description of the concrete core inspection, testing, and results is 

provided in Appendix A of this report. Concrete inspection and testing was performed by 

CTLGroup at their laboratory in Skokie, Illinois. Prior to arrival at CTLGroup, the core segments 

were received and surveyed by their subcontractor, Radiation Safety Services, Inc. Measurable 
activity was detected on core run numbers 5 and 6, corresponding to the fixed contamination 

discussed in Section 3.2.2 of this report. The radionuclides in the other runs were below 

minimum detectable activity. 

Upon delivery to CTLGroup, visual inspection was performed on all the core segments. 

Photographs were taken, noting any observed rebar, voids, and cracks. The core segments were 
prepared and subjected to nondestructive and destructive physical testing as described in the 

following sections. Sections of core segments that contained rebar or measurable activity (hot 
spots) were not tested. 

5.1 Nondestructive Testing 

Length measurements of the core segments were taken. If the core segment length was greater 

than 12 inches, the sample was considered acceptable to be nondestructive tested. A total of 28 

core segments were tested in accordance with ASTM C215, Standard Test Method for 
Fundamental Transverse, Longitudinal, and Torsional Resonant Frequencies of Concrete 
Specimens, and ASTM C597, Standard Test Method for Pulse Velocity Through Concrete. 

5.1.1 Resonant Frequency and Dynamic Modulus of Elasticity 

The resonant frequencies of the concrete segments were determined using ASTM C215. This test 
method covers measurement of the fundamental transverse, longitudinal, and torsional resonant 

frequencies of concrete prisms and cylinders and is illustrated in Figure 5-1. The accelerations of 

the concrete segment are recorded upon impact of the segment. The resonant frequencies are 
obtained from fast Fourier transform of the accelerations. Three reliable test results are used to 
calculate the average result. The dynamic modulus of elasticity, dynamic Poisson's ratio, and 

dynamic modulus of rigidity (dynamic shear modulus) are then calculated from the formulas in 

ASTM C215. The complete results of the frequency testing are provided in Attachment D to 
Appendix A of this report. The transverse and longitudinal frequency and dynamic modulus of 

elasticity results are summarized in Table 5-1. The results indicate relatively good agreement 
between the transverse and longitudinal dynamic elastic moduli. 
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Figure 5-1. Schematic of ASTM C215 Test Method 
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The primary purpose of the nondestructive testing for resonant frequency is to provide an 
additional indicator of the performance of the 241-A-106 concrete core segments. The resulting 
dynamic modulus provides an indication of strength when compared to the static modulus of 
elasticity. In general, the dynamic modulus will be greater than the static modulus. The dynamic 
modulus of elasticity is often referred to as the initial tangent modulus, whereas the static 
modulus of elasticity is referred to as the secant ( chord) modulus. The difference between the 
two is illustrated in Figure 5-2. The results of the dynamic modulus are compared to the static 
modulus in Section 5 .2.1 of this report. 
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Table 5-1. Core Segment Resonant Frequency and Dynamic Elastic Modulus 

Core Average Average Dynamic Dynamic 
Segment Transverse Longitudinal Transverse Longitudinal 
Number Frequency (Hz) Frequency (Hz) Modulus (ksi) Modulus (ksi) 

#2 3030 6923 4713 5003 
#3 3220 7140 4785 4930 
#4 3390 7430 5220 5510 
#5 3630 7720 5655 5583 

#6-1 1880 5360 5800 5873 
#6-2 2710 6873 5583 6163 
#7-1 1520 4600 5003 5003 
#7-2 1350 4373 5583 5438 
#7-3 3370 7707 6815 6888 
#8-1 5690 NA 6888 NA 
#8-2 3710 8390 7685 7685 

#8-3B 3920 8330 7033 6815 
#8-3C 4170 8590 6163 6235 
#9-1 2510 6537 6380 6888 

#9-2 6670 NA 6308 NA 
#9-3 2030 5590 5438 5655 
#9-4 4820 9310 6235 6308 
#10-1 1940 5690 6525 6960 

#10-2A 3960 8447 6453 6670 
#10-2B 4070 8260 5655 5583 

#11-lA 4530 9023 6380 6380 

#11-1B 3560 7960 6525 6670 
#11-2 1910 5590 7033 7033 
#11-3 5330 10133 7395 7033 

#12-2A 3610 8053 7395 7178 

#12-2B 3110 7270 6598 6525 
#12-2C 4170 8680 6960 6960 

#12-2D 3550 7970 6960 6888 
Source: Appendix A, Attachment D. NA indicates measurement could not be obtained or value calculated. 
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Figure 5-2. Modulus of Elasticity Comparison 
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Source: Nawy 2003, Reinforced Concrete A Fundamental Approach, Figure 3.6 

5.1.2 Pulse Velocity 

The pulse velocities of the concrete segments were determined using ASTM C597. This test 
method covers determination of the propagation velocity of longitudinal stress wave pulses 
through concrete and is illustrated in Figure 5-3. The transit time of the pulse through the 
concrete segment between the transmitter and receiver are recorded. The pulse velocity is 
determined from the transit time using the formula in ASTM C597. The complete results of the 
velocity testing are provided in Attachment D to Appendix A of this report. The velocity results 
are summarized in Table 5-2. 
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Figure 5-3. Schematic of ASTM C597 Test Method 
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Source: ASTM C597, Figure I 
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The primary purpose of the nondestructive testing for pulse velocity is to provide a benchmark 
against the compression wave velocities used in the NDE testing performed on the exposed tank 
dome and sidewall discussed in Section 4 of this report. The dome IE tests used a nominal 
velocity of 12,000 ft/s and the wall SE/IR tests used a velocity of 12,500 ft/s. Both velocities are 
typical of average strength (3,000 to 5,000 psi) mix designs. The measured pulse velocities of the 
241-A-106 sidewall core segments are all significantly greater than these velocities, with an 
average of 17,365 ft/s. The higher velocities indicate higher compressive strength of the 
segments, as confirmed by the destructive testing discussed in Section 5.2.2 of this report. The 
higher velocities do not significantly affect interpretation of the NDE results, other than the 
depths of the weak echoes seen in the SE/IR tests may be deeper than originally stated ( e.g., the 
weak echo from about 23 ft may be from about 31 ft) . 
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Table 5-2. Core Segment Pulse Velocity 

Core Segment Pulse Velocity Pulse Velocity 
Number (mis) (ft/s) 

#2 4991.2 16376 
#3 5077.7 16660 
#4 5032.8 16513 
#5 4952.5 16249 

#6-1 4810 15782 
#6-2 5194 17042 
#7-1 4834 15860 
#7-2 4973 16316 
#7-3 5149 16894 
#8-1 5570 18275 
#8-2 5152 16904 

#8-3B 5384 17665 

#8-3C 5344 17534 

#9-1 5221 17130 

#9-2 5210 17094 

#9-3 4923 16152 
#9-4 5192 17035 
#10-1 8898 29194 

#10-2A 5271 17294 
#10-2B 5153 16907 
#11-lA 5254 17238 
#11-1B 5171 16966 

#11 -2 5179 16992 
#11-3 5399 17714 

#12-2A 5330 17488 
#12-2B 5135 16848 
#12-2C 5229 17156 

#12-2D 5167 16953 
Source: Appendix A, Attachment D. The results are converted from mis to ft/s by multiplying by 3.281 . 

5.2 Destructive Testing 

A total of 34 core segments were tested in accordance with ASTM C469, Standard Test Method 
for Static Modulus of Elasticity and Poisson 's Ratio of Concrete in Compression . A total of 36 
core segments were tested in accordance with ASTM C39, Standard Test Method for 
Compressive Strength of Cylindrical Concrete Specimens. A total of 15 core segments were 
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tested in accordance with ASTM C856, Standard Practice for Petrographic Examination of 

Hardened Concrete. If the core segment length was less than 6 inches, the sample was not 
considered acceptable to be tested in accordance with ASTM C469. If the core segment length 
was greater than 24 inches, the segment was split into additional samples. After nondestructive 
testing was completed, the segments for ASTM C469 and ASTM C39 testing were cut to a 
nominal length of 6¼-in. and capped. The capped length-to-diameter ratios of the samples 

generally fell within the preferred range of 1.9 to 2.1 stated in Section 7.2.1 of ASTM C42. The 
ratios were all greater than the minimum of 1.75, with the exception of sample #13-4 from the 
footing as discussed in Section 5.2.2 of this report. Petrographic analysis was performed on core 
segments at approximately every three feet and on the two samples at the interface between the 
wall and the footing as discussed in Section 5.2.3 of this report. 

5.2.1 Static Modulus of Elasticity and Poisson's Ratio 

Modulus of elasticity and Poisson's ratio of the concrete segments were determined using ASTM 
C469. This test method covers determination of (I) chord modulus of elasticity (Young's), and 
(2) Poisson 's ratio of molded concrete cylinders and diamond-drilled concrete cores when under 
longitudinal compressive stress. The sample is placed in a combined compressometer and 
extensometer frame that holds the strain dials which record the longitudinal and transverse 
strains at an assigned load interval, as shown in Figure 5-4. The sample in the test frame is 
subjected to compressive force in the axial (longitudinal) direction. The applied force is recorded 
along with the associated deformations in the longitudinal and transverse directions. The test is 
performed three times, with the first disregarded and the last two used to calculate an average 
result. The resulting stresses and strains are plotted and the modulus of elasticity and Poisson's 
ratio are calculated from the formulas in ASTM C469. The complete results of the ASTM C469 
testing are provided in Attachment E to Appendix A of this report. The static modulus of 
elasticity and Poisson' s ratio results are summarized in Table 5-3 . The dynamic modulus of 
elasticity results (average of transverse and longitudinal) from Section 5.1.1 of this report are 
also shown in Table 5-3. In general, the modulus of elasticity determined by nondestructive 
testing was a relatively good indicator of the modulus of elasticity determined by destructive 
testing. 

The strain measurements for core segment #3 were taken to only 38% of the ultimate load. This 
is slightly less than the 40% required in ASTM C469 and was the result of an initial estimation 
of the ultimate load being too low. However, Section 8.5.1 of ACI 318, Building Code 
Requirements for Structural Concrete and Commentary, provides the following empirical 
formula for modulus of elasticity: 

Ee= 57Hc 

where Ee is the modulus of elasticity in ksi and f c is the compressive strength in psi. The tested 
compressive strength for segment #3 is 9,460 psi, as shown in Section 5.2.2 of this report. Using 
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the ACI 318 formula, the resulting modulus is approximately 5,544 ksi. This is only slightly 

greater than the tested value of 5,350 ksi and as such, the tested value is considered valid. 

Figure 5-4. Combined Compressometer-Extensometer 

Source: ASTM C469, Figure 3 

ASTM C469 tests were not performed on c~re segments #13-1 and #13-4. As discussed further 
in Section 5.2.2 of this report, these segments correspond to the core just above and below the 

water stop, respectively. Segment #13-1 had a visible crack running diagonally along its length, 

and segment #13-4 had a relatively large void through its width. As there was uncertainty in 

estimating the initial ultimate load because of these anomalies, the decision was made to forego 

the ASTM C469 tests and proceed with compressive strength tests (ASTM C39). 
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Table 5-3. Core Segment Modulus of Elasticity and Poisson's Ratio 

Core Segment Number Static Modulus (ksi) Dynamic Modulus (ksi) Poisson's Ratio 

#2 4800 4858 0.24 

#3 5350 4858 0.25 

#4 5850 5365 0.27 

#5 5600 5619 0.25 

#6-lA 5800 0.27 
5837 

#6-lB 5750 0.23 

#6-2 6600 5873 0.23 

#7-lA 5850 0.25 
5003 

#7-lB 5100 0.19 

#7-2A 5700 0.21 
5511 

#7-2B 6150 0.21 

#7-3 6350 6852 0.25 

#8-1 7050 6888 0.28 

#8-2 7000 7685 0.30 

#8-3B 6650 6924 0.25 

#8-3C 6550 6199 0.23 

#9-lA 6300 0.22 
6634 

#9-lB 6300 0.22 

#9-3A 5800 0.26 
5547 

#9-3B 5050 0.18 

#9-4 5550 6272 0.22 

#10-lA 6150 0.23 
6743 

#10-lB 6650 0.24 

#10-2A 6300 6562 0.24 

#10-2B 5450 5619 0.25 

#11-lA 6100 6380 0.32 

#11-lB 6250 6598 0.27 

#ll-2A 10200 0.37 
7033 

#11-2B 7150 0.32 

#11-3 6750 7214 0.30 

#12-2A 7300 7287 0.27 

#12-2B 6700 6562 0.28 

#12-2C 6400 6960 0.25 

#12-2D 6750 6924 0.24 

#13-1 NA NA NA 

#13-4 NA NA NA 
Source: Appendix A, Attachment E. NA indicates measurement was not made. 
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The static modulus of elasticity and Poisson ' s ratio results are plotted in Figure 5-5 along with 
the thermally degraded moduli from RPP-46442 used in the current AOR (RPP-RPT-49992). 
Upper bound, best estimate (mean), and lower bound values at 250°F and 350°F are shown, 
encompassing the peak temperature in the concrete wall of 280°F used in the AOR. The average 
modulus of elasticity of the core segments is 6,274 ksi. All of the core segments resulted in a 
modulus of elasticity greater than the upper bound modulus at 250°F. 

The Poisson' s ratio of the core segments is in the range from 0.18 to 0.37, with an average of 
0.25. The range of Poisson' s ratio varies throughout literature and other test data, but is generally 
in the range of 0.11 to 0.21 and more typically in the range of 0.15 to 0.20. All of the core 
segments but two resulted in Poisson's ratios greater than the typical maximum. 
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5.2.2 Compressive Strength 

Compressive strength of the concrete segments was determined using ASTM C39. This test 

method covers the determination of compressive strength of cylindrical concrete specimens such 

as molded cylinders and drilled cores. The sample is subjected to a compressive axial load at a 

rate within a prescribed range until failure occurs. The maximum load attained during the test is 

recorded and the compressive strength is calculated by dividing the load by the cross-sectional 

area of the specimen. The type of fracture pattern as defined in ASTM C39 and illustrated in 
Figure 5-6 is also recorded. The complete results of the ASTM C39 testing are provided in 

Attachment E to Appendix A of this report. The compressive strength results are summarized in 
Table 5-4. 

Figure 5-6. Schematic of Typical Fracture Patterns 

Type 1 
Reasonably well-formed 
cones on both ends, less 

than 1 in. [25 mm] of 
cracking through caps 

Type4 
Diagonal fracture with no 
cracking through ends; 

tap with hammer to 
distinguish from Type 1 

Source: ASTM C39, Figure 2 

Type 2 
Well-formed cone on one 

end, vertical cracks running 
through caps, no well­

defined cone on other end 

V 

Type 5 
Side fractures at top or 

bottom ( occur commonly 
with unbonded caps) 

32 

Type3 
Columnar vertical cracking 

through both ends, no well­
formed cones 

Type6 
Similar to Type 5 but end 

of cylinder is pointed 
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Table 5-4. Core Segment Compressive Strength 

Core Segment Number Compressive Strength (psi) 

#2 7460 

#3 9460 

#4 9390 

#5 9360 

#6-lA 10890 

#6-lB 11530 

#6-2 11980 

#7-lA 11640 

#7-lB 11860 

#7-2A 11010 

#7-2B 10210 

#7-3 11170 

#8-1 10860 

#8-2 11860 

#8-3B 11570 

#8-3C 10530 

#9-lA 9400 

#9-lB 8950 

#9-3A 9350 

#9-3B 9580 

#9-4 8470 

#10-lA 9620 

#10-lB 10990 

#10-2A 10420 

#10-2B 8120 

#11-lA 8170 

#11-lB 9740 

#l l-2A 12020 

#ll-2B 10850 

#11-3 11340 

#12-2A 10890 

#12-2B 10090 

#12-2C 11510 

#12-2D 11860 

#13-1 6420 

#13-4 6167 

Source: Appendix A, Attachment E 
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The compressive strength results and their average are plotted in Figure 5-7 along with the 
thermally degraded strengths from RPP-46442 used in the current AOR (RPP-RPT-49992) and 
the originally specified 28-day design strength of 3,000 psi. Upper bound, best estimate (mean), 
and lower bound values at 250°F and 350°F are shown, encompassing the peak temperature in 
the concrete wall of 280°F used in the AOR. The average compressive strength of the core 
segments is 10,132 psi. All of the core segments resulted in a compressive strength greater than 
the upper bound strength at 250°F. 

As mentioned in Section 5.2.1 of this report, Segments #13-1 and #13-4 correspond to the core 
just above and below the water stop, respectively. Segment #13-1 had a visible crack running 
diagonally along its length, corresponding to the diagonal fracture in the wall above the water 
stop discussed in Section 3.3 .1 of this report. The fracture can be seen in the close-up photo 
shown in Figure 5-8. Testing of this sample provided an indicator of the strength of the wall with 
a crack through it. The compressive strength of segment #13-1 was 6,420 psi, further indicating 
that the fractures observed in the core do not appear to impact the structural integrity of the tank. 

Segment #13-4 had a relatively large void through its width, corresponding to the air pocket 
observed in the footing and mentioned in Section 3.3 of this report. The void can be seen in the 
close-up photo shown in Figure 5-9. Testing of this sample provided an indicator of the strength 
of the footing . The only other sample from the footing (#13-3) was considered too short (just 
over 3-in.) to test. As mentioned in Section 5.2 of this report, the capped length-to-diameter ratio 
of sample #13-4 was less than the minimum ratio of 1.75 in ASTM C42. This resulted in a 
correction factor being applied to the tested strength value as specified in ASTM C39 and ASTM 
C42. The corrected compressive strength of segment # 13-4 was 6, 167 psi, indicating that the 
void and fractures observed in the footing core segment do not appear to impact the structural 
integrity of the tank. 
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Figure 5-8. Core Segment #13-1 Photo Record Showing Fracture 

Source: RPP-RPT-58116, Appendix J 

Figure 5-9. Core Segment #13-4 Photo Record Showing Void Through Segment 

Source: RPP-RPT-58116, Appendix J 
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5.2.3 Petrographic Analysis 

Petrographic analysis was performed to ASTM C856. The petrography examination assessed the 

quality and condition of the concrete and the extent of any deterioration or deleterious reactions 
occurring within the concrete. 

The core segments were received by the petrographer and prepared for examination. The core 

segments were visually inspected and photographed as received. Each core segment was then cut 
in half longitudinally and one of the resulting halves was ground (lapped) to produce a smooth, 

flat , semi-polished surface as shown in Figure 5-10. Lapped and freshly broken surfaces of the 

concrete were examined using a stereomicroscope at magnifications up to 45X. For thin-section 
study, a small rectangular block was cut from the top surface portion of core segments #1, #9-2, 
and #13-3, and one side of each block was lapped to produce a smooth, flat surface. The blocks 
were cleaned and dried, and the prepared surfaces were mounted on separate ground glass 

microscope slides with epoxy. After the epoxy hardened, the thickness of the mounted blocks 

was reduced to approximately 20µm (0.0008 in.). The resulting thin sections were examined 
using a polarized-light (petrographic) microscope at magnifications up to 400X to study 

aggregate and paste mineralogy and microstructure as shown in Figure 5-11. The complete 

petrographic report is provided in Attachment F to Appendix A ofthis report. 

Figure 5-10. Example of Lapped Concrete Half (Core Segment #9-2) 

Source: Appendix A, Attachment F 
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Figure 5-11. Example of Thin Section at 400X Magnification (Core Segment #9-2) 

Source: Appendix A, Attachment F 

Based on the results of petrographic examination, the concrete represented by the core segments 
appeared to be in good condition overall. The concrete was composed of siliceous natural gravel . 

coarse aggregate and natural sand fine aggregate uniformly distributed in a portland cement paste 

binder. The paste appeared to be of good quality, although some degree of paste alteration 
(leaching of calcium hydroxide from the paste) was observed. Only one crack and a very few 

microcracks were observed in the examined core segments. A very minor degree of alkali-silica 
reaction (ASR) had occurred in the concrete; however, no deterioration (no associated cracks or 

microcracks) was observed. The air content in the concrete was low, generally estimated at 1 to 

3%. 

The outer surface of core segment #1 was partially covered with a dark brown, bituminous-like 

coating up to 2-mm thick. The coating corresponded to remnants of the asphaltic membrane that 
covered the concrete and was removed as discussed in Section 3.1 of this report. The paste along 

the outer surface was carbonated to a depth of 1 to 1.5 mm. 

As mentioned in Section 5.2 of this report, petrography was performed on core segments #13-2 

and #13-3 , corresponding to the segments on each side of the wall/footing construction joint. The 
concrete on both sides of the construction joint appeared similar to each other. The paste in 

segment #13-2 was moderately hard to locally moderate in some areas. The paste along the outer 
surface of segment #13-3 (i.e., the top of the footing) was carbonated to a depth of 1 to 4 mm. 
The paste-to-aggregate bond was moderately tight to moderate in segments #13-2 and #13-3 . 
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Two microcracks were present in segment #13-2, but they do not appear to be the result of 
deleterious reactions within the concrete. A crack was present in segment #13-3 , corresponding 
to the fracture in the footing below the water stop discussed in Section 3.3 .1 of this report. The 
fracture can be seen in the close-up photo shown in Figure 5-12. Petrography of this sample 
provided additional insight as to the condition of the concrete with a crack, further indicating that 

I 

the fractures observed in the core do not appear to impact the structural integrity of the tank. 

Figure 5-12. Core Segment #13-3 Photo Record Showing Fracture 

Source: RPP-RPT-58116, Appendix J. Fracture in # 13-3 is to the left, fracture between #13-3 and #13-4 is 

to the right. 

Microcracks were observed in three other core segments: two in segment #7-3, two in segment 
#10-4, and one in segment #12-3. Similar to segment #13-2, they do not appear to be the result of 
deleterious reactions within the concrete. 

Several isolated pockets of ASR gel were present in some of the cores, lining air voids but not 
filling them. The degree of ASR was considerably less than expected, considering the potential 
reactivity of the rock types. Given the age of the concrete and current degree of ASR, further 
reaction and associated expansion is deemed unlikely. 
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6.0 QUALITY, CUSTODY, AND MANAGEMENT OF CORE SEGMENTS 

6.1 Quality Assurance 

CTLGroup is an accredited testing laboratory, capable and qualified to perform the inspection, 
preparation, physical testing, and petrographic examination of the 241-A-106 concrete core 
segments. CTLGroup maintains accreditations from the International Accreditation Service and 
the American Association of State Highway and Transportation Officials to perform testing of 
materials. CTLGroup has previously tested TOC samples, including recent testing performed on 
the concrete and rebar samples extracted from the dome 'plug' of SST 241-C-l 07. Equipment 
calibration is provided in Attachment H of Appendix A to this report . The report from 
CTLGroup (Appendix A) was reviewed by WRPS technical staff prior to acceptance. Physical 
testing was also observed by WRPS engineers T.A. Misiak and M.H. Brown, on location in 
Skokie, IL. 

6.2 Chain of Custody and Material Management 

Chain of custody was maintained for the entire lifecycle of the 241-A-106 concrete core 
segments. CTLGroup also provided a log book listing the core segments and dates that 
preparation and testing occurred. The core tracking log book is provided in Attachment G of 
Appendix A to this report. The untested and destroyed 241-A-106 core segments were returned 
to the Hanford site for storage/disposal in September 2014. 

7.0 RESULTS 

NDE was successfully performed on the exposed tank dome and sidewall prior to sidewall coring 
using several acoustic wave test methods. Good results were observed in the tests performed on 
the dome, but results were inconclusive for the full wall height due to signal damping. Results 
indicated that no cracking was predicted in the upper wall, as confirmed by the removed concrete 
core. 

Nondestructive and destructive physical testing of the concrete core specimens was successfully 
performed by CTLGroup in Skokie, IL. The testing included visual examination and 
determination of transverse and longitudinal resonant frequency and dynamic modulus of 
elasticity; pulse velocity; static modulus of elasticity; Poisson's ratio ; and compressive strength. 
The averaged results are summarized in Table 7-1 . The results of the visual and microscopic 
inspection of the core segments indicate that the concrete removed from the sidewall is in overall 
good condition. The results of petrographic analysis indicated that the concrete within the 
examined core segments is in overall good condition, with a minor amount of microcracking and 
minor evidence of deleterious mechanisms that do not appear to have significantly affected the 
overall quality and integrity of the concrete. 
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Table 7-1. Summary of Averaged Results 

Property Average Result 

Transverse Resonant Frequency 3,477 Hz 

Longitudinal Resonant Frequency 7,383 Hz 

Transverse Dynamic Modulus of Elasticity 6,256 ksi 

Longitudinal Dynamic Modulus of Elasticity 6,302 ksi 

Average Dynamic Modulus of Elasticity 6,279 ksi 

Pulse Velocity 17,365 ft/s 

Static Modulus of Elasticity 6,274 ksi 

Poisson's Ratio 0.25 

Compressive Strength 10,132 psi 

8.0 CONCLUSIONS 

The 241-A-106 sidewall coring project successfully removed over 38-ft of concrete core as a 
result of the extensive planning, demonstration and mockups, and vigilant field execution 
conducted. Inspection and testing of the concrete from the sidewall of tank A-106 was 
successfully performed. The physical testing indicated favorable results with values generally 
greater, and in many cases significantly greater, than expected in comparison with the values 
originally specified and those used in the current AOR for the type of tanks in A-farm. The 
effects of thermal degradation on the mechanical properties of the concrete for the SST with the 
highest thermal history appear to be negligible. The results of the testing performed on the 
concrete core removed from the sidewall of SST 241-A-106 do not reveal any deficiencies with 
the structural integrity of the tank. 

Obtaining and testing of the concrete core implements SSTIP Expert Panel Recommendation SI-
3, Obtain and Test Sidewall Core . Information from this report may also be used to implement 
Panel Recommendation SI-6, which recommends the development of an engineering mechanics 
document. This report represents completion of the Hanford Federal Agreement and Compliance 
Order (Tri-Party Agreement) target M-045-91B-T0l. 
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[ 

[ 

~ GROUP 

August 8, 2014 

Mr. Thomas Misiak 
Washington River Protection Solutions, Inc. 
PO Box 850 
Richland, WA 99352 
e. Thomas_A_Misiak@rl.gov 

Inspection of Core Segments Obtained from the Sidewall 
of the Single Shell Tank 241-A-106 
CTLGroup Project No. 395940 
WRPS Subcontract No. 53751 
Revision 1 

Dear Mr. Misiak: 

Attached are results from Radiation Safety Services, Inc. (RSSI) , visual observations, non­
destructive evaluation results, physical test results, petrographic analysis report, and the 
logbook for the referenced samples. The package containing 31 segments of a 38-ft core was 
received at RSSI on May 30, 2014. The core segments were identified by Washington River 
Protection Solutions (WRPS) as indicated in Table 1 of Attachment B. Results provided by RSSI 
indicate that all the radionuclides in most of the samples were below minimum detectable 
activity (MDA). Sections of Core #5 and Core #6 had measurable activities. The highest 
measurable activity was from Cs-137 on Core #5 (3 .3x10-4 uCi/g). The results from RSSI are 
shown in Attachment A. 

The concrete cores arrived at CTLGroup on June 13, 2014. Upon arrival, visual inspections 
were performed as an initial assessment of the cores. The photos of the core segments are 
provided in Attachment C. 

• All core segments are nominally 3¼ inches in diameter and vary in length. 

• The concrete appears to be well consolidated. 

• The nominal maximum size of the aggregate is 1 ½ inches. 

• A few core segments contained aggregates larger than 1 ½ inches, but less than 
3 inches. 

• Elongated aggregate particles are observed on some of the cores. 

• Some cracks and voids were observed and are noted in the photographs. 

• No significant delaminations were observed. 

• No steel was present in any of the cores, except for Core #6. The section of this core 
that contained steel was excluded from all of the tests and evaluation. 

The concrete cores were prepared and tested in accordance with the following test methods 
and the attached test matrix (Attachment 8): 

• ASTM C597-09, Standard Test Method for Pulse Velocity Through Concrete 

Austin. TX • Chtcego. IL • Wash nglon. DC 
Corporate Off.ce 5-400 Old Orchard Road S~okie IL 60077-1030 P 847-965-7500 F 847-965~5-4 1 www.CT LGroup com 

CTLGroup , • reg, tered d1>'a of Co.,struction T hnology l aboratories Inc 
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Washington River Protection Solutions, Inc. 
Initial Inspection of Core Segments Obtained from the Sidewall 
of the Single Shell Tank 241-A-106 
CTLGroup Project No. 395940; WRPS Subcontract No. 53751 
Revision 1 

Page 2 of 2 
August 8, 2014 

• ASTM C215 - 08, Standard Test Method for Fundamental Transverse, Longitudinal, and 
Torsional Frequencies of Concrete Specimens 

• ASTM C469 / C469M - 14, Standard Test Method for Static Modulus of Elasticity and 
Poisson's Ratio of Concrete in Compression 

• ASTM C39 / C39M - 14a, Standard Test Method for Compressive Strength of Cylindrical 
Concrete Specimens 

• ASTM C856 -14, Standard Practice for Petrographic Examination of Hardened 
Concrete 

Length measurements of each core segment were taken. If the core segment length was 
greater than 12 inches, the sample was acceptable to be tested in accordance with ASTM C597 
and ASTM C215. If the core segment length was less than 6 inches, the sample was not 
acceptable to be tested in accordance with ASTM C469. If the core segment length was greater 
than 24 inches, the segment was split for additional testing per ASTM C469 and ASTM C39. 
Once all the non-destructive tests were completed, cores for ASTM C469 and ASTM C39 were 
saw cut to a length of 6¼ inches. It was determined that a petrographic analysis would be 
performed on core segments that correspond to approximately every three feet of the 38 foot 
core, and a petrographic analysis was requested for Core #13-2 and #13-3. These two 
segments are reportedly next to a cold joint near the bottom of the wall and foundation. 

We appreciate this opportunity to conduct specialized testing for you. Should you have any 
questions, please contact me. 

Sincerely, 

CTLGROUP, INC. 
An AASHTO Accredited Laboratory- Aggregates, Cement & Concrete 

Joni L. Jones, P.E. (Illinois) 
Materials Laboratory Services 
e: JlJones@CTLGroup.com 
p: 847.972.3128 
f: 847.965.6541 

Attachments: 
A. Radionuclide Report from RSSI 
B. Core segment Identification and Test Matrix 
C. Photographs of Core Segments 
D. ASTM C597 and ASTM C215 Results 
E. ASTM C469 and ASTM C39 Results 
F. ASTM C856, Petrographic Analysis Report 
G. Log Book 
H. Equipment Calibration Certificates 

Copy to: 
Bobby Nelson at Robert_J_Nelson@rl.gov 
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Attachment A 

Gamma Spectroscopy Results from RSSI 
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RSSI 
ORTEC g v - i (1215) Env32 G53W4. 22 12 - AUG - 2014 13:38:56 

Spectrum name : Gl40149 v . 2 . Anl 

Sample des cri pti on 
Gl40149 RSSI (CTL), 4 . 4' hot spot (Core 5), 1293 . 7 g (rerun) 

Spectrum Filename: H: \GammaVi sion\User\Spectra\Gl40149 v. 2 . Anl 
*** ** SUM M ARY OF NUCLIDE S IN SAMPLE 

Time of Count 
Nuclide Activity 

uCi/g 

RH - 106 < 3 . 44llE-07 
C0- 60 < 2 . 49898- 09 
PB - 214 < 2 . 0699E- 07 
Ac - 227 < l . 1506E- 03 
BI - 214 < 1. S009E - 07 
EU - 154 < l.4570E - 07 
EU - 155 < 2 . 9031E - 07 
EU- 152 < 2. 06578- 07 
CS - 137 3.3404E - 04 
CS -1 34 < 6 . 4807E - 08 
Th- 232 < 8 . 8028E - 05 
AC - 228 < 2.44538 - 08 
NP - 237 < 7 . 2029E - 07 
SB - 125 < 4 . 4917E - 07 
PU - 239 < 3 . 94958-03 
PU- 240 < l. 62 1 3E-02 
U- 234 < 3 . 5769E - 04 
U- 238 < 5 . 40418- 04 
Pa - 231 < 4 . 3436E - 06 
AM - 241 C< l . lOSlE- 06 
U- 235 < 4 . 3302E- 07 
Th- 229 < 2 .4352E- 06 
Am - 243 < 1.8037E-' 07 
Cm- 243 < 4 . 2619E - 07 
Sn - 126 < l . 9600E - 07 
K- 40 < 2 . S85SE - 08 

< - MDA value printed. 

Uncertainty 
counting 

2 . 541E- OH· 

1 S i gma 
Total 

2 . 289E+OO\ 

A - Activity printed, but activi ty< MDA . 
B - Activity< MDA and failed test. 
C - Area< Critical level . 
F - Failed fraction or key line test . 
H - Half l ife limit exceeded 

SUMMARY 
Total Activity ( 4.0 to 1777.0 keV) 3 . 340E - 04 uCi/g 
This section based on library: Hanford . Lib 

- 1 -

60 of 365 

**** * 



RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Bnv32 G53W4 . 22 12 - AUG - 2014 13:38:56 

Spectrum name: Gl40149 v. 2 .Anl 

Sample description 
Gl4 0149 RSSI (CTL), 4.4' hot spot (Core 5), 1293 . 7 g (rerun) 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40149 v. 2 .Anl 
***** SUMMARY OF LIBRARY PE AK US AGE ***** 
- Nuclide -
Name Code 

RH-106 I 

C0 - 60 F 

I - 129 

PB - 214 N 

Ac-227 N 

BI - 214 N 

RA-226 N 

BU- 154 I 

EU- 155 I 

EU- 152 F 

Average 
Activity 
uCi/g 

O. OOOOE+OO 

O.O OOOE+ OO 

O.OOOOE+OO 

O.OO OOE+OO 

0 . 00008+00 

O. OOOOE+OO 

O. OOOOE+OO 

O. OOOOE+OO 

O. OOOOE+OO 

O.OOOOE+OO 

------- - - - --- Peak 
Energy 

keV 
Activity Code MDA Value 
uCi/g uCi/g COMMENTS 

511.86 0.0008+00 & 
621 . 93 O.OOOE+OO & 

1050.41 0.000E+OO & 
616 . 22 0 . 0008+00 \ 
873 . 49 O. OOOE+OO \ 

1128 . 07 0 . 0008+00 \ 

1332 . 49 0.0008+00 % 
1173.2 3 0 . 0008+0 0 \ 

39 . 58 0 . 000E+OO 

351 . 93 0.0008+00 % 
295.22 O.OOOE+OO \ 

77 .11 0 . 0008+00 \ 
241 . 99 0 . 0008+00 & 

74 . 82 0 . 0008+00 & 

147 . 61 O. OOOE+OO % 
160 . 49 O.OOOE+OO % 

609 . 32 O. OOOE+OO & 

1764.49 0 . 0008+00 \ 
112 0 . 29 0 . 0008+00 \ 
1238.12 0 . 0008+00 % 

768.36 0 . 0008+00 % 

186.21 0.0008+00 \ 

123.07 O. OOOE+OO & 

1274.43 0 . 0008+00 % 
723.30 O.OOOE+OO \ 

1004.76 O. OOOB+OO \ 
873.18 0.000B+OO \ 
996 . 29 0 . 0008+00 \ 

86.55 0 . 0008+00 % 
105 .31 0 . 0008+00 & 

45 . 30 0 . 0008+00 \ 
60.01 O. OOOB+OO \ 

121.78 0 . 0008+00 & 

344.28 0.0008+00 \ 
1408 . 01 0 . 0008+00 \ 

- 2 -

3 . 4418 - 07 1.008+03 G 
5 . 8828- 07 1. 008+03 G 
7 . 309E- 07 1.008+03 G 
9 .1 958- 06 l . OOE+03 G 
1 . 4 908- 06 l.OOE+03 G 
5.2128 - 07 l . OOE+03 G 

2 . 4998-09 l . OOE+03 G 
7.400E-09 1.00E+03 G 

0 . 0008+00 0 . 008+00 G 

2. 0708- 07 l. OOE+03 G 
3 . 5818- 07 1. 00E+03 G 
1 . 3108-06 1.00E+03 XA 
9 . 0098-07 1.008+03 G 
2 . 0988-06 1.00E+03 XA 

1 .1518-03 l.OOE+03 G 
1. 0258- 03 1.008+03 G 

1. 5018- 07 1 . 008+03 G 
2.2308-08 1.008+03 G 
4 . 2058- 08 1.008+03 G 
1 . 3388-07 l . OOE+03 G 
1.8218-07 l . OOE+03 G 

0.0008+00 l.OOE+03 GA 

1 . 4578- 07 1 . 008+03 G 
1 . 3718- 08 1.008+03 G 
2.8988-08 1.008+03 G 
2 . 0848- 08 1. 008+03 G 
5 . 4138- 08 1.008+03 G 
3 . SSlE-08 1 . 008+03 G 

2.903E- 07 1.00E+03 G 
2 . 7348-07 1 . 008+03 G 
5 . 2178- 04 l . OOE+03 G 
3 . 1418-05 1.008+03 G 

2.0668- 07 1 .008+03 G 
2 . 240E - 07 l.OOE+03 G 
2 .5148- 08 1.00E+03 G 
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ORTEC g v - i (1215) Env32 G53W4 . 22 12 - AUG-2014 13:38 : 56 
RSS I Spectrum name : Gl40149 v . 2 .Anl 

Sampl e descri pt i on 
Gl40149 RSS I (CTL), 4 , 4 I hot spot (Core 5 ), 1293 . 7 g (rerun) 

Spectrum Fi l ename: H: \GammaVision\User\Spectra\Gl40149 v . 2 .Anl 
964.08 O.OOOE+OO t 3.689B - 08 l.OOE+03 G 

1112 .07 O. OOOE+OO % 5 . 1138- 08 1.008+03 G 
778 . 90 0.000E+OO \- 7 .1668 - 08 1 . 008+03 G 

CS - 13 7 I 3. 34048- 04 
661 . 66 3 . 340E- 04 3 . 0518 - 07 2 . 54E- Ol G 

CS - 134 I 0 . 00008+00 
604.72 O. OOOE+OO % 6 . 4818 - 08 l. OOE+03 G 
795 . 86 O. OOOE+OO t 8 . 338E - 09 l . OOE+03 G 
569.33 O. OOOE+OO t 4 . 653E - 07 l . OOE+03 G 

Th - 232 N 0.00008+00 
63 . 81 0 . 0008+00 t 8 . 8038 - 05 l . OOE+03 G 

1 40 . 88 O.OOOE +OO & 3.104E - 04 1 . 008 +03 G 

AC - 228 N 0 .. 00008+00 
911 . 20 O. OOOE+OO \- 2 . 445E - 08 1 . 008+03 G 
968.97 0.0008+00 t 3 . 864E- 08 1.008+03 G 
338 . 32 O. OOOE+OO t 7 . 490E - 07 1 . 008+03 G 
964.77 0 . 0008+00 t l . 445E - 07 1 . 008+03 G 
46 3 . 00 0 . 000E+OO & 2 . 241E- 06 1 . 008+03 G 

NP - 2 37 F O. OOOOE+OO 
86.48 O. OOOE+OO \ 7 . 203E- 07 l . OOE+03 G 
95 . 86 O. OOOE+OO & 2 . 696E- 06 1 . 008 +0 3 XA 
92 . 28 O. OOOE+OO & 3 . 854E - 06 1.008+03 XA 

108 . 42 O. OOOE+OO t 8 . 5918 - 06 l . OOE+03 XA 
94 . 64 O. OOOE+OO ' 1. 3288- 05 l . OOE+03 G 

143.25 O. OOOE+OO t l . 071E- 05 l . OOE+03 G 
57 . 10 O. OOOE+OO t 7 . 294E - 05 l . OOE+03 G 

151.41 O. OOOE+OO \ 2.0338 - 05 l.OOE+03 G 

SB - 1 25 I O. OOOOE+OO 
427.87 O. OOOE+OO & 4.4928 - 07 l. OOE+03 G 
600 . 60 0 . 0008 +00 t 2 . 5378 - 07 1 . 008+03 G 
635.95 O. OOOE +OO t 2 . 1608- 07 l.OOE+03 G 
463 . 36 0 . 0008+00 & 9.3438- 07 1.00E+03 G 

PU- 239 T 0 . 00008+00 
51.62 0 . 0008+00 & 3 . 950E- 03 l.OOE+03 G 

129.30 0.0008+00 & 8 . SlOE- 04 l.OOE+03 G 
98.43 0 . 0008+00 t 1. 2278 - 03 l.OOE+03 XA 
94 . 65 O. OOOE+OO t 2 . 268E- 03 l . OOE+03 XA 

111. 30 O. OOOE+OO & 4.2358- 03 l . OOE+03 XA 
375 . 05 0 . 0008+00 & 6.086E- 03 l . OOE+03 G 
413. 71 0 . 000E +OO t 6 . 840E- 03 1 . 008+03 G 

PU - 240 T O. OOOOE+OO 
45.24 O. OOOE+OO \- l.621E - 02 l . OOE+03 G 

104 . 23 O. OOOE+OO t 6 . 021E - 04 1. OOE+03 G 
160 . 31 O. OOOE+OO t 1 . 249E- 02 l . OOE+03 G 

PU - 238 T O. OOOOE+OO 
4 3 . 50 O. OOOE+OO O. OOOE+OO O.OOE+OO G 
99.85 O.OOOE+OO 4. 3538 - 04 O.OOE+OO G 

152. 72 O. OOOE+OO 5 . 902E- 03 O. OOE+OO G 

U- 234 N O. OOOOE+ OO 
53 . 20 O. OOOE+OO t 3 . 577 E- 04 l . OOE+03 G 

- 3 -
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RSSI 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4 .22 12 -AUG-2 014 13: 38 :56 
Spectrum name : Gl40149 v. 2.Anl 

Sample descrip tion 
Gl40149 RSSI (CTL), 4.4' hot spot (Core 5), 1293.7 g (rerun) 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40149 v. 2.Anl 
120.90 O. 000E+00 & l.300E - 04 l.00E+03 G 

U- 238 N 

Pa-231 N 

AM - 241 T 

0.0000E+00 

0 . 0000E+00 

l.6 057E - 06 

113.50 0 . 000E+0 0 \ 
49.55 0 . 000E+00 \ 

283 . 69 0 . 000E+00 \ 
300.07 0 . 000E+00 & 

330 . 06 0 . 000E+00 & 

302.65 0 . 000E+00 & 

5 . 404E-04 1.008+03 G 

2 . 6768- 03 1.008+03 G 

4.3448- 06 1.008+03 G 
2.3248-06 1.008+03 G 

6.7338- 06 l . 0OE+ 03 G 
3.1368- 06 1 . 008+ 03 G 

59 . 54 l . 606E - 06 &( 1.1088 - 06 8 . 45E+0l G 

U-2 35 N 0.0000E+00 

Th-229 I 0.0000E+00 

Am - 243 T O. 0000E+00 

Cm-243 F 0.0000E+00 

Sn- 126 I 0 . 0000E+00 

K-40 N 0 . 0000E+00 

1 43 . 76 0 . 000E+00 \ 
163.33 0 . 000E+0O \ 
185 . 71 0.000E+00 \ 
205 . 31 0.000E+00 & 

210.1 5 0 . 000E+00 & 

193.51 0.000E+0O \ 
156.41 0 . 000E+0O \ 
136.99 0 . 000E+00 \ 

86 . 40 0 . 000E+00 \ 
86 . 25 0.000E+00 \ 

74 . 66 0 . 000E+00 & 

43.53 0 . 000E+00 \ 

277.60 0.000E+00 & 

228.18 0.0008+00 & 

209.75 0.000E+00 \ 

87.57 0.000E+0O 
86 . 94 0 . 000E+00 
64.28 0.000E+0O 

1460.82 0.000E+00 \ 

4 . 3308-07 1.008+03 G 

1. 2958 - 06 1 . 008+03 G 

1 . 0428-07 1.008+03 G 
1.5408- 06 1 . 008+0 3 G 

2.4358-06 l. 0OE+03 G 

2.0008-06 1 . 008+03 G 
3 .24 28- 06 1.008+03 G 
5 . 2858 - 06 l.00E+03 G 
3.4838-06 l.00E+03 G 

7 . 239E - 06 1.008+03 G 

1 . 8048- 07 1.008+03 G 

0 . 0008+00 l . 00E+03 G 

4 . 262E-07 1 . 008+03 G 
8 .2 08E-07 l . 00E+03 G 

2.069E-06 1 . 008+03 G 

1 . 960E- 07 0 . 008+00 G 
9 . 915E- 07 0 . 008+00 G 

2.7948 - 06 0 . 00E+00 G 

2.585E- 08 l . 00E+0 3 G 
- This peak used in the nuclide act ivity average . 

* - Peak is too wide, but only one peak i n library. 
- Peak is part of a multiplet and this area went 

negative during deconvolution . 
? - Peak is too narrow. 
@ - Peak is too wide at FW25M, but ok at FWHM . 
\ - Peak fails sensitivity test . 
$ - Peak identified, but first peak of this nuclide 

failed one or more qualification tests. 
+ - Peak activity higher than counting uncertainty range . 
- - Peak act i v ity l ower than counting uncertainty r ange . 

- Peak outside analysis energy range. 
& - Cal cul ated peak centroid is not close enough to the 

library energy centroid for pos itive i dent ification . 

- 4 -
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RSSI 
ORTBC g v - i (1215) Env32 G53W4.22 12-AUG-2014 13:38:56 

Spectrum name: G140149 v. 2 . Anl 

Sample description 
G140149 RSSI (CTL), 4 . 4' hot spot (Core 5), 1293.7 g (rerun) 

Spectrum Filename: H:\GammaVision\User\Spectra\G140149 v. 2.Anl 
P - Peakbackground subtraction 
} - Peak is too close to another for the activity 

to be found directly . 

Nuclide Codes: 
T - Thermal Neutron Activation 
F - Fast Neutron Activation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
C - Charged Particle Reaction 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Halflife limit exceeded 

Peak Codes: 
G - Gamma Ray 
X - X-Ray 
P - Positron Decay 
S - Single-Escape 
D - Double-Escape 
K - Key Line 
A - Not in Average 
C - Coincidence Peak 

This section based on library: Hanford . Lib 

- 5 -

64 of 365 



RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (12 1 5) Env32 G53W4.22 12 - AUG - 2014 13:38 : 56 

Spectrum name: Gl40149 v . 2 . Anl 

Sample description 
Gl40 1 49 RSSI (CTL ) , 4 . 4 ' hot spot (Core 5) , 1 293 . 7 g (rerun ) 

Spect r um Fi lename : H: \GammaVi sion\User \Spectra\Gl 40l49 v. 2 .Anl 
************UN I DENTIFIED PE AK SUMMARY 

Peak Centroid Background Net Area Intensity Uncert PWHM 
Channel Energy Counts Count s Cts / Sec l S i gma\ keV 

175.69 
207.71 
308 . 82 
398.37 
762 . 85 

14 99. 89 
1 553.48 
1 899 . 74 
2 006 . 46 
2169 . 04 
2554 . 66 
3035.67 

s - Peak 
D - Peak 
L - Peak 
C - Area 
M - Peak 

37.95 
44 . 94 
67 . 00 
86.54 

166.06 
326 . 87 
3 38 . 57 
414 . 12 
437 . 41 
472.88 
557 . 03 
662 . 00 

fai l s shape 

6326 . 
10970 . 

4740. 
11059. 

8391. 
3188. 
8689 . 
8027 . 

10437 . 
9187 . 
163 0 . 

25225. 

tests . 
area deconvoluted. 
wr i tten from unknown 
< Criti cal level. 

3101. 
498. 
172 . 
302. 
1 76 . 

83. 
287. 
306 . 
450 . 
524. 
1 06 . 

1 814 . 

l i s t. 

i s close to a library peak . 

Th i s sect i on b a sed on lib r a r y : Hanford . Li b 

- 6 -

0 . 861 
0 . 1 38 
0.048 
0.084 
0.049 
0.023 
0 . 080 
0 . 085 
0 . 125 
0 . 146 
0 . 029 
0 . 504 

5 . 01 
37 . 68 
57.12 
62.16 
79 . 7l 
93 . 83 
60.03 
47 . 59 
42 .00 
35 . 27 
83.58 
12.60 

0 . 713 
0.414 
0.384 
0 . 513 
0 . 269 
0 . 414 
0 . 267 
0 . 543 
0 . 575 
0 . 371 
0 . 4 70 
l .411 

**********•* 
Suspected 
Nuclide 

M 

sM 
sM 
sM 
SC 

SC 

s 
s 
8 

s 
s 

D 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 12-AUG- 2014 13:38:56 

Spectrum name : Gl40149 v. 2.Anl 

Sample description 
Gl40149 RSSI (CTL), 4.4' hot spot (Core 5), 1293.7 g (rerun) 

Spectrum Filename : H: \GammaVision\User\Spectra\Gl40149 v. 
Acquisition information 

Start time: 
Live time: 
Real t i me: 
Dead time : 
Detector ID : 

Detector system 
CLTCOMP MCB 9 

01 - Aug - 2014 17 :2 9:49 
3600 
3704 

2 . 81 \ 
l 

2 .Anl 

Calibration 
Filename, 05 - 09 - 14 Calibration GEM - 10175 Top.Clb 

05 - 9 - 14 calbirat ion GEM - 10175 

Energy Calibration 
Created : 
Zero offse t : 
Gain: 
Quadratic : 

Efficiency Calibration 
Created: 
Type: 
Uncertainty : 

16-Jun- 2014 09:57 : 51 
- 0.376 keV 
0.218 keV/channe l 
8.853E - 09 keV/channe 1•2 

16 - Jun - 2014 11 : 39 : 24 
Polynomial 
0 . 804 \ 

Coefficients: - 0 . 49 6223 - 5 . 825839 
- 0 . 06012 1 0 . 001719 

0 . 606495 
- 0 . 000022 

Library Files 
Ma i n analys i s library : 
Library Match Width: 
Peak strippi ng: 

Analysis parameters 
Analysis engine : 
Start channel: 
Stop channel : 
Peak rejection level: 
Peak search sensitivity : 
Sample Size: 
Activity scaling factor : 

Detection limit method: 
Random error: 
Systematic error: 
Fraction Limit: 

Hanf o rd. Li b 
0 . 500 
Library based 

Env32 G53W4.22 
20 ( 3 . 99keV) 

8144 < 1776.98kev) 
100.000\ 

3 
1.2937£+03 
l.OOOOE+OO/( l.OOOOE+OO• 
7. 7298£ - 04 
Traditional ORTEC method 
1 . 00000006+00 
l . OOOOOOOE+OO 
0 . 000\ 

1. 2937E+03) 

Background width: 
Half lives decay limit: 

best method (based on spectrum) . 
12.000 

Activity range factor: 
Min . step backg _ energy 
Multiplet shift channel 

Correct i ons 
Decay correct to date : 
Decay during acquisition : 
Decay during collection: 
True coincidence correction: 

2.000 
0 . 000 
2.000 

Peaked background correction: 

Status 
NO 
NO 
NO 
NO 
YES 

Absorpt i on (Internal) : NO 
Geometry correction: NO 
Random summing: NO 

tot al peaks alloc. 34 cutoff 20 . 00000 
Energy Calibration 

Normalized diff: 0 . 4819 

- 7 -

Commen t s 

GEM - 10175 04 30 14.Pbc 
30 - Apr - 2014 11:30:36 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (12 15) Env32 G53W4 . 22 12 - JUN - 2014 10:32:52 

Spectrum name : Gl40121 . Anl 

Sample descript i on 
Gl 40121 CTL, Cyl l, Deep End 

Spec t r um Filename : H: \GammaV i sion \Use r\Spectra\Gl 401 21. Anl 

- -
** *** s 

Nuclide 

RH - 106 < 
C0 - 60 < 
PB - 21 4 < 
Ac - 2 27 < 
BI-21 4 # 
BU-154 < 
BU - 155 < 
EU- 152 < 
CS - 137 < 
CS - 134 < 
Th - 232 < 
AC - 228 < 
NP - 237 < 
SB -125 < 
PU - 239 < 
PU - 240 < 
U- 23 4 < 
U- 238 < 
Pa - 231 < 
AM - 241 < 
U- 235 < 
Th- 229 < 
Am - 243 < 
Cm - 243 < 
Sn- 126 < 
K- 40 < 

- - - - - - -
U M M A R Y 

Time of Count 
Activity 

uCi /g 

2 . 5469E- 05 
l . l315E- 06 
l. 9239E - 05 
6. 8715E- 02 
9 . 3314E - 05 
l .2609E - 05 
2.0674E- OS 
l. 26 4 9E - 05 
3.5953E- 06 
l . 7821E- 06 
6 . 1369E- 03 
l. 62268 - 05 
5 . 1294E- 05 
l. 2046E - 05 
2 . 1220E- 01 
1.02168+00 
4. 25218- 02 
3 . 00B l E- 02 
l.9240E- 04 
4.212BE- 05 
2 . 8690E- 05 
l. 04 148- 04 
l.81898- 05 
2.3724E- 05 
1.03538- 05 
7 . 8886E - 05 

-
0 

- - - - - - - - - - - - - -
F NU C L I D E s I N s 

Uncertainty l Sigma 
Count i ng Total 

2 . 0lOE+OH 2 . 023E+OH-

It - All peaks for activi ty calculation had bad shape . 
* - Activity omitted from total 

A M p 

& - Activity omitted from total and a ll peaks had bad shape. 
< - MDA value printed. 
A - Activity printed, but act i vity< MDA. 
B - Activity< MDA and fa i led test. 
C - Area< Critical level . 
F - Failed fraction or key line test . 
H - Halflife l i mit exceeded 

L E ...... 

---------------------- - --- - -- S U MMARY ------- -- -------------------
Total Act i v i ty ( 74 . 7 to 177 5 . 4 keV) 9 . 331 E- 05 uCi/g 

Th i s section based on l ibrary: Hanfor d. Lib 

- I -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 68 of 365 

ORTEC g v - i (1215) Env32 G53W4 , 22 12 - JUN - 2014 10:32 : 52 
RSSI Spectrum name : Gl40121 . Anl 

Samp l e descript ion 
Gl4012 1 CTL, Cyl 1, Deep End 

Spectrum Fi l e n a me: H: \GammaVision\User \Spectra\Gl 40121 .Anl 

••••• s u M M A R y 0 F L I B R A R Y P E A K u s A G E * ** ** 
- Nucl ide - Av erage ----- - ----- -- Peak --------------
Name Code Activity Energy Act i v i ty Code MDA Value 

uCi/g keV uCi/g uCi / g COMMENTS 

RH - 106 I 0 . 0O0OE+00 
511 . 86 O. 000E+00 \- 2. 5478-05 l . 00E+03 G 
6 2 1 . 93 0 . 0008+00 \- 3 . 6568 - 05 l . 00E+03 G 

1050 . 41 0 . 000E+00 & 4 . 628E - 04 l . 00E+03 G 
616 . 22 0 . 0O0E+00 \- 4 . 2058-04 l . 00E+03 G 
873.49 0 . 0O0E +0O \ 4.32 1 E- 04 l.00E+03 G 

1128. 07 0 . 000E+00 \- 6 . 0458 - 04 l . 00E+03 G 

CO - 60 F 0 . 00 00E +00 
1332 . 49 0 . 000E+0O \- l. l31E- 06 l . 00E+03 G 
1173 . 23 0.000E+00 \ 2. 5458 - 06 l . 00E+03 G 

1-1 29 0 . 000OE+o·o 
3 9 . 58 0 . 00 0E+00 \- 0 . 000E +00 l . 00E+03 G 

PB - 214 N 0. 000OE+00 
351. 93 O. 0O0E+0O \- l. 924E- 05 l.00E+03 G 
295 . 22 0.0O0E+0O \- 2 . 939E - 05 l . 00E+ 03 G 

77 .11 0.0O0E+0O \- 9 . 801E- 05 l.00E+03 XA 
241.99 O. 000E+00 \- 6 . 553E - 05 l . 00E+03 G 

74 . 82 0 . 000E+00 \- 2 .1 44E- 04 1 . 008+03 XA 

Ac - 22 7 N 0 . 00008+00 
147.61 0.0O0E+0O \ 6 . 871E- 02 l.00E+03 G 
1 60 . 49 O. 0O0E+0O & 8.5 1 6E - 02 l.00E+03 G 

BI - 214 N 9 . 3314E- 05 
609.32 9 . 3318-05 &( l.122E- 05 2.0lE+0 l G 

1764 . 49 0.O00E+00 \ l . 0lOE- 05 l.008+03 G 
1120 . 29 0.000E+0O \- l . 904E- 05 2 . 088+02 G 
1238 . 12 0.00OE+00 \ 8 . 573E- 05 1.098+02 G 

768 . 36 0.0OOE+0O 1.335E- 05 0 . 00E+O0 G 

RA- 226 N 0 . 000OE+00 
186 . 21 O. 000E+0O 0 . 000E+ 0O 0 . 00E+00 GA 

EU- 154 I 0 . 00008+00 
123 . 07 0.O00E+00 \- l. 261E- 05 l.00E+03 G 

1274 . 43 0.000E+00 \ 6 . 206E- 06 1 . 008+03 G 
723 . 30 0 . 0O0E+0O \ l.950E- 05 1 . 00E+03 G 

1004 . 76 O. 0O0E+0O \ 1 . 208E- 05 l . 00E+03 G 
873 . 18 0.OO0E+0O \- 1 .226E- 05 1 . 008+03 G 
996 . 29 0.O00E+0O & 5.628E-05 l . O0E+03 G 

EU - 155 I 0 . 0O00E+00 
86 . 55 0.0O0E+00 \- 2 . 067E- 05 1 . 00B+03 G 

105.31 0 . 0O0E+00 \ l . 427E - 05 l . 00E+03 G 
45.30 0.OO0E+00 & 3 . 287E- 02 l . 00E+03 G 
60 . 01 0 . 0O0E+00 \ l. 950E- 03 1 . 008+03 G 

EU-152 F 0 . 0000E+00 

- 2 -



RPP-RPT-582 54 10/30/2014 - 12:51 PM 69 of 365 

ORTEC g v - i (1215) Env32 G53W4.22 12 - JUN - 2014 10:32 : 52 
RSSI Spectrum name : Gl40121 .Anl 

Sample description 
Gl40121 CTL, Cyl 1, Deep End 

Spectrum Filename : H:\GammaVision\User\Spectra\G140121.Anl 

121.78 O. OOOB+OO & l.26SE- 05 l.OOE+03 G 
344 . 28 O. OOOE+OO \- 6.9118-06 l. OOE+03 G 

1408 . 01 O.OOOE+OO \ 1.138E- 05 1 . 00E+03 G 
964 . 08 O. OOOE+OO \ l.878E-05 1.00E+03 G 

1112.07 0.0008+00 \- 1.759E- 05 1 . 008+03 G 
778 . 90 O.OOOE+OO \- 2 . 4388- 05 1.00E+03 G 

CS - 137 I O. OOOOE+OO 
661 . 66 O. OOOE+OO \- 3 . 5958- 06 1.00E+03 G 

CS - 134 I O. OOOOE+OO 
604 . 72 O.OOOE+OO % l. 7828- 06 1.00B+03 G 
795.86 O. OOOE+OO % 2 . 027E- 06 l . OOE+03 G 
569 . 33 O. OOOE+OO \- 1.2648-05 1. 008+03 G 

Th- 232 N 0 . 0000E+OO 
63.81 O. OOOE+OO & 6 . 1378- 03 l . OOE+03 G 

140 . 88 O. OOOE+OO \- 9 . 6588- 03 1 . 00E+03 G 

AC- 228 N 0 . 00008+00 
911 . 20 0 . 0008+00 \- 1. 623E- 05 1.008+03 G 
968 . 97 O.OOOE+OO \- 3.2068- 05 1 . 00E+03 G 
338 . 32 O. OOOE+OO \- 4 . 317E-05 1.00E+03 G 
964.77 0.0008+00 \- 5.5168- 05 1.00E+03 G 
463.00 O.OOOE+OO \- 7 . 6188-05 1.00E+03 G 

NP - 237 F O.OOOOE+OO 
86.48 0,000E+OO \- 5 .129E - 05 1.008+03 G 
95 . 86 0.0008+00 \- 1.6528- 04 1.00E+03 XA 
92.28 O.OOOE+OO \- 2.8758-04 1.008+03 XA 

108.42 0.0008+00 \- 8 . 3508-04 1.008+03 XA 
94.64 O.OOOE+OO \- 8.696E- 04 1 . 008+03 G 

143.25 O.OOOE+OO \- 7.098E- 04 1.00E+03 G 
57.10 0 . 0008+00 \- 4 . 6918- 03 1.008+03 G 

151. 41 O. OOOB+OO \- 7 .6168- 04 1 . 00E+03 G 

SB-125 I O.OOOOE+OO 
427.87 0 . 0008+00 & 1.205E- 05 1.00E+03 G 
600.60 0 . 0008+00 & 2.662E-05 1.008+03 G 
635 . 95 O. OOOE+OO \- 2.6068-05 1.00E+03 G 
463.36 O.OOOE+OO & 3.177E-05 1. OOE+03 G 

PU - 239 T O. OOOOE+OO 
51.62 O.OOOE+OO \- 2.1228-01 1.00E+03 G 

129.30 O. OOOE+OO \- 7.583E-02 1. 008+03 G 
98.43 O. OOOE+OO \- 4.1028- 02 1.00E+03 XA 
94.65 0.0008+00 \- 1.4858-01 l.OOE+03 XA 

111. 30 O.OOOE+OO \- 3.7368- 01 1.00E+03 XA 
375 . 05 0.000E+OO \- 1.1458-01 1.00E+03 G 
413. 71 O. OOOE+OO & 2 . 4888- 01 i'. 008+03 G 

PU - 240 T O. OOOOE+OO 
45.24 0.000E+OO & l . 022E+OO 1 . 00E+03 G 

104 . 23 O.OOOE+OO \- 6 . 183E- 02 l.OOE+03 G 
160.31 O. OOOE+OO & 1.0388+00 1.008+03 G 

PU- 238 T 0 . 00008+00 
43 . 50 O. OOOE+OO & O. OOOE+OO 1 . 00E+03 G 

- 3 -



RPP-RPT-58254 

RSSI 

10/30/2014 - 12:51 PM 

ORTBC g v - i (1215) Bnv32 G53W4. 22 12-JUN-2014 10:32 : 52 
Spectrum name : Gl40121.Anl 

Sample description 
Gl40121 CTL, Cyl 1, Deep End 

Spectrum Filename : H : \GammaVision\User\Spectra\Gl40121 . Anl 

U- 234 N 0 . 00008+00 

U- 238 N 0 . 000OE+00 

Pa - 231 N 0.000OE+00 

AM - 241 T 0.0O00E+00 

U- 235 N O. 0O0OE+00 

Th - 229 I 0 . 0O0OE+00 

Am- 243 T 0 . 0O0OE+00 

Cm- 243 F 0 . 0OOOE+O0 

Sn- 126 I 0 . 0O00E+00 

K- 40 N 0 . 00008+00 

99.85 0 . 000E+00 \ 
152.72 0.000E+00 & 

53.20 0 . 0008+00 % 
120.90 O. 000E+00 % 

113.50 0 . 000E +00 % 
49.55 0.000E+00 \ 

283.69 0.0O0E+00 & 
300 . 07 0.0OOE+00 \ 
330.06 0.0O0E+O0 \ 
302.65 0.0OOE+0O & 

59.54 0 . 000E+0O \ 

143 . 76 0.000E+00 % 
163.33 O. 000E+00 \ 
185 . 71 0 . 000E+00 % 
205 . 31 0.0O0E+00 \ 

210 .1 5 0.O00E+00 % 
193.51 O.000E+OO % 
156.41 0.000E+00 % 
136.99 O.000E+O0 & 

86.40 O.000E+0O & 

86 . 25 0.000E+OO & 

74.66 0.0008+00 % 
43.53 0.000E+0O & 

277 . 60 0.0008+00 & 

228 . 18 0.0O0E+0O & 
209 . 75 0 . 0O0E+00 \ 

87 . 57 0.0O0E+0O \ 
86.94 0.000E+0O \ 
64 . 28 0.0O0E+0O & 

1460. 82 O.000E+0O 

8 .1368 - 02 1.008+03 G 
4.9998 - 01 l . 00E+03 G 

4 . 252E- 02 l.O0E+03 G 
8.8338- 03 l . 00E+03 G 

3.0088- 02 l.00E+03 G 
1.4688-01 l . 00E+03 G 

1.9248- 04 1.008+03 G 
6 . 9408-05 l.00E+03 G 

3 . 1408-04 l.00E+03 G 

2.1768-04 l.00E+03 G 

4 . 21 38 -0 5 l . 00E+03 G 

2.869E - 05 1.00E+03 G 
8.3088-05 1.008+03 G 

5 . 2698 - 06 1.008+03 G 
8 . 8918 - 05 1.00E+03 G 

1.0418-04 1 . 008+03 G 

9 , 189E-05 1.008+03 G 

3.9278- 04 1 . 008+03 G 
3 . 6158 - 04 l . 00E+03 G 

2.4818-04 l . 00E+03 G 
4 . 815E - 04 1 . 008+03 G 

1 . 8198-05 1.008+03 G 

0 . 0008+00 7 . 90E+0l G 

2.372E-05 1 . 008+03 G 
3.2438-05 1 . 008+03 G 
8 . 8508-05 1.008+03 G 

1 . 0358-05 1.008+03 G 
7 . 049E-05 l . 00E+03 G 

1 . 9188 - 04 l.00E+03 G 

7.8898 - 0 5 0 . 008+00 G 
- This peak used in the nuclide activity average. 

* - Peak is too wide, but only one peak in library . 
- Peak is part of a multiplet and this area went 

negative during deconvolution. 
? - Peak is too narrow. 
@ - Peak is too wide at FW2SM, but ok at FWHM. 
% - Peak fails sensitivity test . 

- 4 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4 . 22 12 - JUN-2014 10 : 32:52 

Spectrum name: Gl40121.Anl 

Sample description 
Gl40121 CTL, Cyl 1, Deep End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40121.Anl 

$ - Peak identified, but first peak of this nuclide 
failed one or more qualification tests. 

+ - Peak activity higher than counting uncertainty range. 
- - Peak activity lower than counting uncertainty range. 

Peak outside analysis energy range. 
& - Calculated peak centroid is not close enough to the 

library energy centroid for positive identification. 
P - Peakbackground subtraction 
} - Peak is too close to another for the activity 

to be found directly. 

Nuclide Codes: 
T - Thermal Neutron Activation 
F - Fast Neutron Activation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
c - Charged Particle Reaction 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Halflife limit exceeded 

Peak Codes: 
G - Gamma Ray 
X - X-Ray 
P - Positron Decay 
S - Single-Escape 
D - Double-Escape 
K - Key Line 
A - Not in Average 
C - Coincidence Peak 

This section based on library: Hanford .Lib 

- 5 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 12 - JUN- 2014 10:32:52 

Spectrum name: Gl40121.Anl 

Sample description 
Gl40121 CTL, Cyl 1 , Deep End 

Spectrum Filename : H:\GammaVi sion\User\Spectra\Gl40121 . Anl 

************UN IDEN TI F I E D PE AK SUMMA R y 
Peak Centroid Background Net Area Intensity Uncert FWHM 

Channel Energy Counts Counts Cts/Sec 1 Sigma% keV 

165.39 35 . 76 67. 83 . 0.012 18.55 0.525 
344.60 74 . 82 301. 116. 0 . 016 28.23 0 . 600 
390 . 49 84 . 82 273 . 89. 0 . 012 33 . 07 0.603 
684.07 148 . 81 194. 54 . 0 . 007 43 . 32 0.542 

1094.26 238 . 21 145 . 153. 0.021 16.80 1.264 

s - Peak fails shape tests. 
D - Peak area deconvoluted . 
L - Peak written from unknown list. 
C - Area < Critical level . 
M - Peak is close to a library peak . 

This sect ion based on library : Hanford .Lib 

- 6 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 GS3W4.22 12 - JUN-2014 10 : 32:52 

Spectrum name : Gl4012l.Anl 

Sample description 
Gl4012l CTL, Cyl 1, Deep End 

Spectrum Filename: H: \GammaVision\User\Spectra\Gl40121 . Anl 

Acquisition information 
Start time: 
Live time: 
Real time: 
Dead time: 
Detector ID : 

Detector system 
CLTCOMP MCB 9 

Calibration 
Filename: 

11-Jun- 2014 10 : 32:55 
7200 
7203 

0.03 \ 
1 

Gl40121.Anl 
05-9 - 14 calbiration GEM - 10175 

Energy Calibration 
Created : 
Zero offset: 
Gain: 
Quadratic: 

Efficiency Calibration 
Created: 
Type: 
Uncertainty: 
Coefficients: 

Library Files 
Main analysis library: 
Library Match Width : 
Peak stripping: 

Analysis parameters 
Analysis engine: 
Start channel: 
Stop channel: 
Peak rejection level: 
Peak search sensitivity: 
Sample Size: 
Activity scaling factor : 

Detection limit method: 
Random error: 
Systematic error: 
Fraction Limit: 
Background width: 
Half lives decay limit : 
Activity range factor: 
Min. step backg. energy 
Multiplet shift channel 

Corrections 
Decay correct to date: 
Decay during acquisition : 

11 - Jun-2014 10:17 : 30 
- 0.283 keV 
0.218 keV/channel 
1 . 2048 - 08 keV/channel~2 

08-May-2014 19:30:22 
Polynomial 
0. 804 \ 

-0.496291 
-0.060110 

- 5 . 469037 
0.001719 

0 . 606430 
- 0 . 000022 

Hanford . Lib 
0 . 500 
Library based 

Env32 G53W4 . 22 
20 ( 4. 08keV ) 

8144 ( 1775.40keV) 
100.000\ 

3 
l . OOOOE+OO 
l.OOOOE+OO/( 1 . 00008+00* 
l.OOOOE+OO 
Traditional ORTEC method 
1.0000000E+OO 
1 . 0000000E+OO 
0.000% 

1.0000E+OO) : 

best method (based on spectrum). 
12.000 

2.000 
0 . 000 
2 . 000 

Status 
NO 
NO 

- 7 -
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RPP-RPT-58254 

RSSI 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4.22 12 - JUN - 2014 10:32:52 
Spectrum name: Gl40121.Anl 

Sample description 
Gl40121 CTL , Cyl 1 , Deep End 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl40121.Anl 

Decay during collection: NO 
True coincidence correction: NO 
Peaked background correction: YES 

Absorption (Internal): NO 
Geometry correction: NO 
Random summing: NO 

total peaks alloc . 19 cutoff 20.00000 
Energy Calibration 

Normalized diff : 1.0000 

Laboratory: RSSI 

- 8 -

GEM-10175 04_30_14 . Pbc 
30 - Apr -2014 11:30:36 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORT8C g v - i (12 1 5) Bnv32 G53W4 . 22 10 - JUN- 2014 17:20:07 

Spectrum name: Gl40117 . Anl 

Sample description 
0140117 CTL, Cyl 2, Hot Spot 1 

Spectrum Fi lename : H:\GammaVision\User\Spectra\0140117 . Anl 
***** SUMMARY OF NU CL ID 8 S IN SAMPLE 

Time of Count Uncertainty 1 Sigma 
Nuclide Activity Counting Total 

RH-106 
C0 - 60 
PB - 214 
Ac - 227 
BI - 214 
80- 154 
EU - 155 
EU - 152 
CS-137 
CS - 134 
Th- 232 
AC - 228 
NP - 237 
SB - 125 
PU - 239 
PU - 240 
PU - 238 
U- 234 
U- 238 
Pa-231 
AM - 241 
U- 235 
Th- 229 

' Am- 243 

< 
< 
< 
< 

# 
< 
< 

< 

< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 

uCi/g 

1.308- 04 
8 . 518 - 06 
6 . 308 - 05 
5.218- 01 
3.888-04 
1 . 448 - 04 
8 . 818 - 05 
6.568 - 05 
S . 77E - 02 
1 . 428 - 05 
3 . 638-02 
4 . 07B- 05 
2 . 198- 04 
3 . 488-04 
9 . 458-01 
2 . 03B+OO 
1.428+02 
1. 90B- 01 
1 . 568- 01 
1 . 098- 03 
3 . 958- 04 
1.348-04 
6 . 578-04 
2 . 198-03 

Cm-243 < 7 . 498 - 05 

l.76E+OH 
2 . 22E+OH 

2.77E - 01't 

3.168+01\ 

3 . 888+00\ 

1 . 77E+Ol\ 
2 . 23E+OH 

2 . 16E+OO't 

3 . 178+01\ 

5 . 37E+OO\ 

Sn- 126 4 . 308-04 l.91E+Ol\ l.9SE+Ol\ 
K-40 2.978-03 6.87E+OO\ 7 . 22E+OO\ 

# - All peaks for activity calculation had bad shape. 
* - Activity omitted from total 
& - Activity omitted from total and all peaks had bad shape . 
< - MDA value printed. 
A - Activity printed, but activity< MDA. 
B - Activity< MDA and failed test. 
C - Area< Critical level. 
F - Failed fraction or key line test. 
H - Halflife limit exceeded 

***** 

-------- ------- - - ------ - - - - - - SUMMARY - - - - - ---- --------- -- - - - --- - -
Total Activity ( 609.2 to 1897 . 3 keV) 6.41E-02 uCi/g 
This section based on library: Hanford.Lib 

- I -
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RPP-RPT-58254 10/30/201 4 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Env32 G53W4 . 22 10 - JUN - 2014 17 : 20:07 

Spectrum name: Gl40117 . Anl 

Sample description 
Gl40117 CTL, Cyl 2, Hot Spot 1 

Spectrum Fi lename : H: \GammaVision\User\Spectra\Gl40117.Anl 
***** SUMMARY OF LIBRARY PE AK US AGE 
- Nuclide -
Name Code 

- -- - ------- - -Peak ------ - - ------
Energy Activity Code MDA Value 

***** 
Average 
Activity 
uci/g keV uCi/g uCi/g COMMENTS 

BI - 214 N 3 . 888 - 04 
609 . 32 3.88E - 04 {P 4.238 - 05 l.43E+0l G 

1764.49 9 . 188- 04 + p 1.248-04 5 . 86E+00 G 
1120. 29 7.05E-04 + p 9 . 87E-05 1.168+01 G 
1238 . 12 8 . 208- 04 & p 2 . 20E-04 2.018+01 G 

768 . 36 l . 0lE-03 + p 1. 918- 04 2 . 32E+0l G 
5 of 5 peaks found 

EU - 154 I l.44E- 04 
123 . 07 l.30E - 04 &{ 4 . 54E - 05 5 . 448+01 G 

1274.43 8 . 29E - 05 ? ( 1.308- 05 2.84E+0l G 
723.30 4 . 328- 05 - 2 . 498 - 05 6.218+01 G 
873.18 1 . 208 - 04 ? ( 4 . 558-05 5.908+01 G 

996 . 29 4 . 318-04 & ( 5 . 52E - 05 2 . 53E+0l G 
5 of 6 peaks found 

CS - 137 I 5 . 778 - 02 
661.66 5 . 778 - 02 2.398-05 2.77E-01 G 

l of 1 peaks found 

SB - 125 I 3.488- 04 
427.87 3 . 058 - 04 & ( 9 . 048 - 05 3.94E+0l G 
600 . 60 1 . 298-04 - 9 . 718-05 7.37E+0l G 
635 . 95 4 . 618-04 &{ 1 . 528-04 4 . 958+01 G 

3 of 4 peaks found 

Am-243 T 2 . 198- 03 
74.66 2.198-03 7.868-05 3 . 88E+00 G 

l of 2 peaks found 

Sn - 126 I 4.308- 04 
87 . 57 4 . 308 - 04 8 . 128- 05 1.918+01 G 

1 of 3 peaks found 

K-40 N 2 . 978-03 
1460.82 2 . 97E- 03 (P 1 . 598 - 04 4.29E+00 G 

1 of 1 peaks found 
- This peak used in the nuclide activity average. 

* - Peak i s too wi de, but only one peak in library. 
- Peak is part of a multiplet and this area went 

negative during deconvolution. 
? - Peak is too narrow. 
® - Peak is too wide at FW25M, but ok at FWHM . 
t - Peak fails sensitivity test. 
$ - Peak identified, but first peak of this nuclide 

failed one or more qualification tests. 
+ - Peak activity higher than counting uncertainty range . 

- - Peak activity lower than counting uncertainty range . 
- Peak outside analysis energy range . 

& - Calculated peak centroid is not close enough to the 
library energy centroid for pos i tive identif i cation . 

P - Peakbackground subtraction 

- 2 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Env32 G53W4.22 10-JUN- 2014 17:20:07 

Spectrum name: Gl40117.Anl 

Sample description 
Gl40117 CTL, Cyl 2, Hot Spot 1 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40117.Anl 
} - Peak is too close to another for the activity 

to be found directly . 

Nuclide Codes: 
T - Thermal Neutron Activation 
F - Fast Neutron Activation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
C - Charged Particle Reaction 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Halflife limit exceeded 

Peak Codes: 
G - Gamma Ray 
X - X- Ray 
P - Positron Decay 
S - Single-Escape 
D - Double-Escape 
K - Key Line 
A - Not in Average 
C - Coincidence Peak 

This section based on library: Hanford.Lib 

- 3 -
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RPP-RPT-58254 10/30/2014 - 12 :51 PM 

ORTEC g v - i (1215) Env32 G53W4.22 10-JUN-2014 17:20:07 
rssi Spectrum name: Gl40117 . Anl 

Sample description 
Gl40117 CTL, Cyl 2, Hot Spot 1 

Spectrum Filename: H:\GammaVi sion\User\Spectra\G140117.Anl 
************UN I D E N T I F I E D 

Peak Centroid Background Net Area 
Channel 

166.21 
292.29 
324 . 21 
374.85 
582.89 
755 . 43 
818 . 51 
853.61 

1024 . 09 
1518.15 
2319. 44 

s - Peak 
D - Peale 
L - Peak 
C - Area 
M - Peak 

Energy Counts 

36.23 7151 . 
65.62 9820 . 
72.74 13304 . 
84.85 11421 . 

133.35 7263 . 
173.57 7677. 
188.27 7367 . 
196 .4 5 9055 . 
236 . 19 8981 . 
351.37 7375 . 
538 . 19 1463. 

fails shape tests . 
area deconvoluted . 

Counts 

5174. 
246 . 

2271. 
2702. 

421. 
277 . 
178 . 
163. 
283. 
791. 

78. 

written from unknown list. 
< Critical level. 
is close to a library peak. 

P E A K 
Intensity 
Cts/Sec 

0 . 719 
0 . 034 
0.315 
0.375 
0.058 
0.039 
0 . 025 
0 . 023 
0.039 
0.110 
0 . 011 

This section based on library: Hanford . Lib 

- 4 -

SUMMA 
Uncert 

1 Sigma% 

3 . 48 
71.09 

7 . 48 
5 . 92 

36 . 36 
57.99 
74.56 
90.89 
61.73 
22.67 
76.81 

R y 
FWHM 
lceV 

1.193 
0 . 545 
1. 596 
1. 603 
0.610 
0.383 
0 . 422 
0 . 427 
0.465 
0 . 786 
0.307 

78 of 365 

************ 
Suspected 
Nuclide 

XE-138 sM 
TA-1 82 s 
AU-196 D 
HG-203 D 
CE-144 SM 
GD - 153 SM 
FE-59 SC 
KR-88 SC 
TH- 227 s 
PB - 214 s 

SC 



RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTBC g v - i (1215) Env32 G53W4.22 10-JUN-2014 17:20:07 

Spectrum name : Gl40117.Anl 

Sample description 
Gl40117 CTL, Cyl 2, Hot Spot 1 

Spectrum Filename : H: \GammaVision\User\Spectra\Gi40117 .Anl 
Acquisition information 

Start time: 10-Jun - 2014 14:54 : 52 
Live time: 7200 
Real time: 7255 
Dead time: o. 76 \ 
Detector ID: 3 

Detector system 
BACJ<ROOM MCB 9 

Calibration 
Filename : 

Energy Calibration 
Created : 
Zero offset : 
Gain: 
Quadrat i c : 

Efficiency Cal ibrat ion 
Created : 
Type: 
Uncertainty: 

Gl40117 . Anl 

10 -Jun - 2014 14 : 48 : 08 
- 2 . 503 keV 

0 . 233 keV/channel 
2 . 824E- 08 keV/channe1•2 

10 - Jun - 2014 11 : 47 : 05 
Polynomial , 
2 . 601 % 

Coeffic i ents : - 0 . 410214 -4 . 897318 0 . 558289 

Li brary Files 
Main analysis library: 
Library Match Width : 
Peak stripping: 

Analysis parameters 
Analysis engine : 
Start channel : 
Stop channel: 
Peak rejection level: 
Peak search sensitivity : 
Sample Size: 
Activity scaling factor : 

Detection limit method: 
Random error: 
Systematic error: 
Fraction Limit: 
Background width: 
Half lives decay limit: 
Activity range factor : 
Min. step backg . energy 
Multiplet shift channel 

corrections 
Decay correct to date : 
Decay during acquisit i on: 
Decay during collection: 

- 0 . 056027 0 . 001413 - 0 . 000011 

Han ford . Lib 
0 . 500 
Library based 

Env32 G53W4.22 
20 ( 2 . 16keV) 

8144 ( 1897 . 32keV) 
100 . 000\-

3 
l . OOOOE+OO 
l.OOOOE+OO/( l . OOOOE+OO• 
l.OOOOE+OO 
Traditional ORTEC method 
l . OOOOOOOE+OO 
1 . 0000000E+OO 
0 . 000\-

1. OOOOE+OO) • 

best method (based on spectrum) . 
12 . 000 

2 . 000 
0 . 000 
2.000 

Comment s 

True coincidence correction : 

Status 
NO 
NO 
NO 
NO 
YES Peaked backgr ound correction: 

Absor pt i on (Internal) : 
Geometry correction : 
Random summing : 

total peaks alloc . 43 cutoff 
Energy Calibration 

Normali zed d i ff: 

NO 
NO 
NO 

20 . 00000 

0 .0609 

- 5 -

20\- detector background 051614 r 
16 - M.ay- 2014 14 : 34 :20 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Env32 G53W4.22 12 - JUN - 2014 10:44 : 54 

Spectrum name : Gl40120.Anl 

Sample descr i p tion 
Gl40120 CTL, Cyl 2 , Hot Spot 2 

Spectrum Filename : H: \GammaVi s i on\User\Spectra\G140120 . Anl 

***** SU MM ARY 
Time of Count 

Nucl i de Activi ty 

RH - 106 < 
< CO - 60 

PB- 214 
Ac - 227 < 

BI - 214 
EU - 154 < 
EU- 155 < 

EU - 152 < 

CS - 137 
CS - 134 < 
Th- 23 2 < 
AC - 228 < 
NP - 237 < 

SB- 125 < 
PU - 239 < 
PU - 240 < 
PU - 238 < 
U- 234 < 
U- 238 < 
Pa - 231 < 
AM - 241 < 
U- 235 < 
Th-229 < 
Am - 243 
Cm - 243 < 

Sn- 126 < 
K- 40 

uCi/g 

6.908 - 05 
8 . 638 - 06 
1. 688 - 04 
2 . 71E- Ol 
2 . 1 48-04 
2 . lSE - 05 
3. 97E- 05 
2 . 99E- 05 
7 . 91 E-03 
7 . 69E - 06 
l. 31E - 02 
3 . 76E - 05 
9 . 86E - 05 
3 . 65E - 05 
5 . 43E - Ol 
l. 22E +O0 
5 . 22E+Ol 
4 . 38E - 02 
l. 04E - Ol 
3 . 27E- 04 
1. 518- 04 
7 . 328- 05 
l . 08E- 04 
4 . 64E-04 
3 . 568- 05 
3 . 84E - 05 
2.38E - 03 

< - MDA value p r inted . 

0 F N U C L I D E S 
Uncertaint y 1 Si gma 

I N 

Counting Total 

2.27E+0H 

l. SOE+0l \ 

8 . 07E - 01\ 

8.0SE+00 \ 

8.26E+00\ 

2 . 28E+0H 

l. 52E+0H 

2. 29E+O0 \ 

8 . 86E+00 \ 

8 . 56E+00 \ 

A - Activity printed, but activity< MDA . 
B - Activity< MDA and failed test. 
c - Area< Critical level. 
F - Failed fraction or key line test . 
H - Halfl i fe limi t exceeded 

S A M P L E * ** ** 

--- - -- - --------------------- - SUMMARY ----------------------------
Total Activi ty ( 90 . 1 to 1897 . 5 keV) l, llE - 02 uCi/g 

- I -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Env32 G53W4.22 12-JUN-2014 10:44:54 

Spectrum name : G140120.An1 

Sample description 
G140120 CTL, Cyl 2, Hot Spot 2 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl40120 . An1 

***** SUMMARY 
- Nuclide -
Name Code 

0 F L I B R A R Y PE AK US AGE 
------------- Peak 

Activity Code MDA Value 

...... 
Average 
Activity 
uCi/9 

Energy 
keV uCi/9 uci/g COMMENTS 

PB - 214 N 1 . 68E-04 
351. 93 1.54E-04 (P -2 . 62E- 05 2 . 0lE+Ol G 
295 . 22 1. 94E-04 (P 4 . 94E-05 4 . 52E+Ol G 
241. 99 3 . 39E - 04 & p 1. llE - 04 3.57E+Ol G 

3 of 5 peaks found 

BI-214 N 2 . 14E- 04 
609.32 2.14E-04 (P 2 . 24E- 05 l.07E+Ol G 

1764.49 6.80E-04 + p l . lSE - 04 7.02E+OO G 
1120.29 4 . 81E-04 + p 8 . 49E - 05 l.OlE+Ol G 
1238 . 12 5 . 75E - 04 + p 1 . 80E - 04 1. 36E+Ol G 

768.36 5.45E-04 + p l . 70E - 04 3.26E+Ol G 
s of 5 peaks found 

CS-137 I 7 . 91E- 03 
661. 66 7 . 91E - 03 1.30E- 05 8.07E-01 G 

1 of 1 peaks found 

Am- 243 T :4 . 64E-04 
74.66 4 . 64E-04 3 . 45E-05 8 . 0SE+OO G 
43.53 2.75E- 01 + l.82E-01 7 . 60E+Ol G 

2 of 2 peaks found 

K-40 N 2.38E-03 
1460 . 82 2.38E-03 (P 1.61E- 04 4 . 71E+OO G 

1 of l peaks found 
- This peak used in the nuclide activity average. 

• - Peak is too wide, but only one peak in library. 
- Peak is part of a multiplet and this area went 

negative during deconvolution. 
? - Peak is too narrow. 
@ - Peak is too wide at FW25M, but ok at FWHM. 
\ - Peak fails sensitivity test. 
$ - Peak identified, but first peak of this nuclide 

failed one or more qualification tests. 
+ - Peak activity higher than counting uncertainty range . 
- - Peak activity lower than counting uncertainty range . 

Peak outside analysis energy range. 
& - Calculated peak centroid is not close enough to the 

library energy centroid for positive identification. 
P - Peakbackground subtraction 
} - Peak is too close to another for the activity 

to be found directly. 

Nuclide Codes: 
T - Thermal Neutron Activation 
F - Fast Neutron Activation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 

Peak Codes: 
G - Gamma Ray 
X - X- Ray 
P Positron Decay 
S - Single-Escape 
D - Double - Escape 

- 2-
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Env32 G53W4 . 22 12 - JUN- 2014 10 : 44:54 

Spectrum name : Gl40120.Anl 

Sample description 
Gl40120 CTL, Cyl 2, Hot Spot 2 

Spectrum Filename : H: \GammaVision\User\Spectra\Gl40120 .Anl 

C - Charged Particle Reaction 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Halfl i fe l i mit exceeded 

K - Key Line 
A - Not in Average 
C - Coincidence Peak 

- 3 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Bnv32 G53W4 . 22 12-JUN-2014 10:44:54 

Spectrum name: Gl40120.Anl 

Sample description 
G140120 CTL, Cyl 2, Hot Spot 2 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40120 . Anl 

************UN IDEN TI P I E D PE AK S O M M A Ry 
Peak Centroid Background Net Area Intensity Uncert FWHM 

Channel Energy Counts Counts Cts/Sec l Sigma\- keV 

163.03 35 . 76 1008. 932. 0.129 7.37 2 .115 
323.48 72.97 2862. 484. 0.067 16.27 1.541 
396 . 08 90.08 823. 86 . 0 . 012 51 . 88 0 .450 

1103.55 254 . 98 593. 43. 0.006 82 .18 0.381 
1677. 24 388. 72 1055. 121. 0 . 017 52.89 0.489 
2239 .13 519.73 268. 47. 0.007 71.17 0.452 
2332.96 541. 61 220. 29. 0 . 004 81.80 0.460 
2569 . 23 596 . 70 364 . 103. 0 . 014 39.81 0 . 505 
4768.73 1109.73 12 . 42 . 0.006 22.25 0 . 625 

s - Peak fails shape tests. 
D - Peak area deconvoluted . 
L - Peak written from unknown list. 
C - Area < Critical level. 

This section based on library: Hanford.Lib 

- 4 -
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•••••••••••• 
Suspected 
Nuclide 

CS-134 s 
AU-196 D 
AC - 228 s 
SN-113 SC 
AG-108 s 

s 
J-134 SC 

s 
s 



RPP-RPT-58254 10/30/2014 - 12 :51 PM 

rssi 
ORTEC g v - i (1215) Bnv32 G53W4 . 22 12 - JUN - 2014 10:44 : 54 

Spectrum name : Gl40120.Anl 

Sample description 
Gl40120 CTL, Cyl 2, Hot Spot 2 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40120 . Anl 

Acquisition information 
Start time : 
Live time: 
Real time: 
Dead time : 
Detector ID: 

Detector system 
BACKROOM MCB 9 

Calibration 
Filename: 

Energy Calibration 
Created : 
Zero offset: 
Gain : 
Quadrat i c: 

Efficiency Calibration 
Created: 
Type: 
Uncertainty: 
Coefficients : 

Library Files 
Main analysis library: 
Library Match Width: 
Peak stripping: 

Analysis parameters 
Analysis engine : 
Start channel: 
Stop channel, 
Peak rejection level : 
Peak search sensitivity : 
Sample Size: 
Activity scaling factor: 

Detection limit method: 
Random error: 
Systematic error : 
Fraction Limit: 
Background width: 
Half lives decay limit: 
Activity range factor: 
Min. step backg. energy 
Multiplet shift channel 

Corrections 
Decay correct to date: 
Decay during acquisition : 
Decay during collection: 

11 -Jun - 2014 09:59:02 
'7200 
7211 

0 .16 \' 
3 

Gl40120.Anl 

11-Jun-2014 09 : 53:36 
-2.233 keV 

0 . 233 keV/channel 
2 . 7488 - 08 keV/channe1•2 

10-Jun-2 014 11 : 47:05 
Polynomial 
2.601 \-

-0.410214 -4. 897318 0.558289 
- 0.056027 0 . 001413 -0.000011 

Hanford.Lib 
0.500 
Library based 

Env32 G53W4 . 22 
20 ( 2.43keV) 

8144 ( 1897 . 53keV) 
100 . 000\-

3 
l.OOOOE+OO 
l.OOOOE+OO/( l . OOOOE+OO* 
1 . 0000E+OO 
Traditional ORTEC method 
l . OOOOOOOE+OO 
l.OOOOOOOE+OO 
0.000\-

l.OOOOE+OO) 

best method (based on spectrum) . 
12.000 

2.000 
0 . 000 
2.000 

Status 
NO 
NO 
NO 

- 5 -

Comments 
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RPP-RPT-58254 10/30/20 14 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Bnv32 G53W4.22 12-JUN-2014 10:44:54 

Spectrum name: Gl40120.Anl 

Sample description 
Gl40120 CTL, Cyl 2, Hot Spot 2 

Spectrum Filename: H:\GammaVision\User\Spectra\G140120.Anl 

True coincidence correction: NO 
Peaked background correction: YES 

Absorption (Internal): NO 
Geometry correction: NO 
Random summing: NO 

total peaks alloc. 34 cutoff 20.00000 
Energy Calibration 

Normalized diff : 0.0761 

Laboratory: rssi 

- 6 -

20\ detector background 051614 r 
16-May-2014 14:34:20 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Env32 GS3W4 .22 ll - JUN - 2014 09:22:10 

Spectrum name: Gl40119 . Anl 

Sample description 
Gl40119 CTL, Cyl 2, Hot Spot 3 

Spectrum Filename : H: \GammaVision\User\Spectra\Gl40119 . Anl 
***** SUMMARY 0 F N U C L I D E S I N S A M 

Time of Count Uncertainty 1 Sigma 
Nuclide Activity Counting Total 

uCi/g 

RH -1 06 II 8 . 81E-04 1. 32E+Ol\ l . 34E+0l\-
CO-60 < 5 . 44E-06 
PB-214 3.0lE-04 1. 74E+OH 1.768+01\-
Ac-227 < 1. 72E-01 
BI-214 3.00E- 04 2.22E+Ol\ 2.23E+0H 
EU-154 < 2 . 21E-05 
EU-155 < 5 . 46E- 05 
EU - 152 < 4 . 63E- 05 
CS - 137 9.81E- 03 6 . 76E-01\ 2.25B+00\-
CS -134 < l.02E-05 
Th-232 < 2. lBE-02 
AC-228 < 3 . ?BE - 05 
NP-237 6 . 938- 04 3 .2BE+Ol\- 3.29E+0l\ 
SB-125 < 5.92E - 05 
PU - 239 < 6 . 40E-01 
PU-240 < l.56E+OO 
PU-238 < 1.08E+02 
U-234 < l.32E-01 
U-23B < 1.3BE- 01 
Pa-231 < 7.53E-04 
AM-241 < 2 . 21E- 04 
U-235 < 8 . 62E- 05 
Th-229 < 3.34E-04 
Am- 243 8.36E-04 6.53E+O0\ 7.51E+00\-
Cm-243 < 8.0lE-05 
Sn-126 < 4 . 06E-05 
K-40 3. 02E-03 5.95E+OO\- 6.35E+O0\-

II - All peaks for activity calculation had bad shape. 
* - Activity omitted from total 

P L E 

& - Activity omitted from total and all peaks had bad shape . 
< - MDA value printed. 
A - Activity printed, but activity< MDA . 
B - Activity< MDA and failed test. 
C - Area< Critical level . 
F - Failed fraction or key line test . 
H - Halflife limit exceeded 

SUMMARY 
Total Activity ( 351 . 8 to 1897.3 keV) 
This section based on library: Hanford . Lib 

- 1 -

l.58E - 02 uCi/g 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Bnv32 G53W4.22 ll-JUN-2014 09:22 : 10 

Spectrum name: Gl40119.Anl 

Sample description 
Gl40119 CTL, Cyl 2, Hot Spot 3 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40119.Anl 
***** SUMMARY OF LIBRARY PE AK US AGE 
- Nuclide -
Name Code 

- ------------Peak--------------
Energy Activity Code MDA Value 

....... 
Average 
Activity 
uCi/g keV uCi/g uCi/g COMMENTS 

RH -1 06 I 8 . 81E - 04 
511. 86 8.BlE - 04 &( 7.518 - 05 l . 32E+Ol G 
621. 93 6.00E- 04 & l.13E-04 3 . 74E+Ol G 
616 . 22 1. 83E-03 + 1. 38E- 03 8 . 56E+Ol G 

1128. 07 5.708-03 & l.78E- 03 3 . 82E+Ol G 
4 of 6 peaks found 

PB-214 N 3.0lE-04 
351 . 93 3.0lE- 04 (P 3 . 138- 05 1. 63£+01 G 
295.22 2.198 - 04 - p 6.388- 05 2.59E+Ol G 

2 of 5 peaks found 

BI - 214 N 3.00E-04 
609 . 32 3.008- 04 (P 3 . 54E- 05 l.72E+Ol G 

1764.49 7.528- 04 + p l.l?E- 04 6.238+00 G 
1120 . 29 6.228- 04 + p 8.908- 05 8 . 388+00 G 
1238.12 1 .13E- 03 + p 2.16E-04 l.33B+Ol G 

4 of 5 peaks found 

CS - 137 I 9 . BlE - 03 
661.66 9 . BlE-03 1. 368- 05 6.768 - 01 G 

l of 1 peaks found 

NP- 237 F 6 . 93E-04 
86 . 48 3 . 17E- 04 1. 70E- 04 5.38E+Ol G 

108 . 42 4 . 27E- 03 & l.BOE- 03 4.93E+Ol XA 
94 . 64 8 . 27E-03 &( 2.38E- 03 3.76E+Ol G 

3 of 8 peaks found 

U- 238 N 5 . 38E-01 
113.50 5 . 388- 01 &( l.38E-01 3.BlE+Ol G 

l of 2 peaks found 

Am-243 T 8 . 36E - 04 
74.66 8.36E- 04 5.lOE- 05 6 . 53E+OO G 

l of 2 peaks found 

K-40 N 3 . 02E - 03 
1460 . 82 3.02E- 03 (P 1. 53E- 04 3.73E+OO G 

l of l peaks found 
- This peak used in the nuclide activity average . 

• - Peak is too wide, but only one peak in library . 
- Peak is part of a multiplet and this area went 

negative during deconvolution . 
? - Peak is too narrow. 
@ - Peak is too wide at FW25M, but ok at FWHM . 
\ - Peak fails sensitivity test. 
$ - Peak identified, but first peak of this nuclide 

failed one or more qualification tests. 
+ - Peak activity higher than counting uncertainty range. 
- - Peak activity lower than counting uncertainty range. 

- Peak outside analysis energy range . 
& - Calculated peak centroid is not close enough to the 

-2-
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Env32 GS3W4.22 ll - JUN - 2014 09 : 22 : 10 

Spectrum name : Gl40119 . Anl 

Sample description 
Gl40119 CTL, Cy l 2 , Hot Spot 3 

Spectrum Filename: H: \GammaVision\User\Spectra\Gl40119 . Anl 
library energy centroid for positive ident i fication. 

P - Peakbackground subtraction 
} - Peak is too close to another for the activity 

to be found directly. 

Nuclide Codes: 
T - Thermal Neutron Activation 
F - Fast Neutron Activation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
C - Charged Particle Reaction 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Halflife limit exceeded 

Peak Codes: 
G - Gamma Ray 
X - X-Ray 
P - Positron Decay 
S - Single-Escape 
D - Double - Escape 
K - Key Line 
A - Not in Average 
C - Coincidence Peak 

Th i s sect i on based on l i br a r y : Hanfor d.Li b 

- 3 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Env32 G53W4 . 22 ll - JUN - 2014 09:22:10 

Spectrum name: Gl40119.Anl 

Sample description 
Gl40119 CTL, Cyl 2, Hot Spot 3 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40119 . Anl 
************UN I D E N T I F I 8 D P E A K SUM M ARY 

Peak Centroid Background Net Area Intensity Uncert FWHM 
Channel Energy Counts Counts Cts/Sec l Sigma t keV 

164.23 35 . 77 2199. 1472 . 0 . 204 6 . 35 1.068 
323.66 72 . 73 5668. 993. 0 . 138 11.18 1.596 
373.45 84 . 48 4906. 976. 0 .136 10.64 1.603 
546.64 124.90 2171 . 150. 0 . 021 49. 72 0.398 

1287.32 297.70 3030. 91. 0.013 86.65 1 . 731 
1614.23 373 . 76 1942 . 135. 0 . 019 56.17 0 . 444 
1958.40 454.01 1166. 139. 0 . 019 44 . 42 0 . 421 
2092.50 485.28 593. 94. 0 . 013 49.74 0 . 644 
2274. 68 527.75 610 . 144 . 0 . 020 33.28 0 . 491 
2324.27 539.32 430. 62. 0.009 53 .' SO 0 . 333 
3198 .11 743 . 10 93 . 95. 0.013 26.38 0 . 465 

s - Peak fails shape tests. 
D - Peak area deconvoluted. 
L - Peak written from unknown list. 
C - Area c Critical level. 
M - Peak is close to a library peak . 

This section based on library: Hanford.Lib 

- 4 -
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************ 
Suspected 
Nuclide 

XE-138 SM 

AU - 196 D 
HG - 203 D 

SM 
SB-126 SC 

SE - 75 s 
s 

TL-208 s 
s 
S 

PA- 234M s 



RPP-RPT-58254 10/30/2014 -12:51 PM 

rssi 
ORTEC g v - i (1215) Env32 GS3W4 . 22 ll-JUN-2014 09:22:10 

Spectrum name: Gl40119.Anl 

Sample description 
Gl40119 CTL, Cyl 2, Hot Spot 3 

Spectrum Filename: H: \GammaVision\User\Spectra\Gl40119.Anl 
Acquisition information 

Start time: 10 - Jun-2014 17:23:55 
Live time: 
Real time: 
Dead time: 
Detector ID: 

Detector system 
BACKROOM MCB 9 

Calibration 
Filename: 

Energy Calibration 
Created: 
zero offset : 
Gain: 
Quadratic: 

Efficiency Calibration 
Created: 
Type: 
Uncertainty : 

7200 
7220 

0.28 \ 
3 

Gl40119 . Anl 

10-Jun - 2014 14 : 48:08 
-2. 503 keV 
0.233 keV/channel 
2. 8248 - 08 keV/channe1·2 

10 - Jun-2014 11:47 : 05 
Polynomial 
2.601 \ 

Coefficients: - 0.410214 - 4.897318 0.558289 
-0. 056027 0.001413 -0. 000011 

Library Files 
Main analysis library: 
Library Match Width: 
Peak str i pping: 

Analysis parameters 
Analysis engine: 
Start channel: 
Stop channel : 
Peak rejection level: 
Peak search sens itivity : 
Sample Size: 
Activity scaling factor: 

Detection limit method: 
Random error: 
Systemat i c error : 
Fraction Limit: 

Hanford .Li b 
0.500 
Library based 

Env32 G53W4.22 
20 ( 2 . 16keV) 

8144 ( 1897.32keV) 
100 . 000\ 

3 
1.0000E+OO 
l.OOOOE+OO/( l.OOOOE+oo• 
l . OOOOE+OO 
Traditional ORTEC method 
l.OOOOOOOE+OO 
l.OOOOOOOE+OO 
O, OOO'r 

l.OOOOE+OO) • 

Background width: best method (based on spectrum). 
Half lives decay limit: 
Activity range factor: 
Min. step backg . energy 
Multiplet shift channel 

12.000 
2 . 000 
0.000 
2 . 000 

Corrections Status 
Decay correct to date: NO 
Decay du ring acquisition : NO 
Decay during collection: NO 
True coincidence correction: NO 
Peaked background correction: YES 

Absorption (Internal): 
Geometry correct ion : 
Random summing: 

NO 
NO 
NO 

total peaks alloc. 40 cutoff 
Energy_Calibration 

Normalized diff : 

20.00000 

0 . 0613 

- 5 -

Comments 

20\ detector background 051614 r 
16 - May-2014 14:34 : 20 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (12 15) Env32 G53W4 . 22 ll-JUN - 2014 09 : 15 : 05 

Spectrum name: Gl40118 . Anl 

Sample description 
Gl40118 CTL, Cyl 3 , Shallow End 

Spectrum Fi l ename : H:\GammaVi sion\User\Spectra\Gl40118 . Anl 
** *** SUMMARY OF NUCLIDE S IN SAMPLE 

Time of Count 
Nuclide Act i vity 

uCi /g 

RH - 106 < 5.0671E- 05 
C0 - 60 < 2.2630E-06 
PB - 2 1 4 < l. 9567E-05 
Ac - 227 < l . 5369E- 01 
BI - 214 l. 4431 E- 04 
EU - 154 < 5.2262E- 06 
EU - 155 < 1. 6086E- 05 
EU - 152 < l.6254E - 05 
CS - 137 < 6 .9011E- 06 
CS - 134 < 1.9561:8- 06 
Th - 232 < 6 . 21028 - 03 
AC - 228 < 3.45698- 05 
NP-237 < 5 . 5130E- 05 
SB- 125 < 1. 62128- 05 
PU - 239 < 3. 01 97E - Ol 
PU - 240 < l.1 261E+OO 
U- 234 < 2 .21058 - 02 
U- 238 < 3 . 71428 - 02 
Pa - 231 < 2 .10468- 04 
AM - 241 < 6 . 59308 - 05 
U- 235 #C 3 . 37988 - 05 
Th - 229 < 1.31768- 04 
Am- 243 3 . 5206E - 05 
cm - 243 < 1.2596E- 05 
Sn-126 C 6 . 0373E - 05 
K- 40 2 . 6809E- 03 

Uncertainty 
Count i ng 

l . 6648+0H 

7 . 8858+01\ 

5 . 4218+01\ 

6.004E+Ol\ 
6.608E+OO\ 

1 Sigma 
Total 

1.6798+01\-

7 . 889E+Ol\-

5 . 434 E+Ol \-

6 . 0158+01\-
7 . 434E+OO\-

# - All peaks for activ i ty calculat ion had bad shape . 
* - Act i v i ty omitted from t o tal 
& - Act i vity omitted from total and all peaks had bad shape. 
< - MDA value printed. 
A - Activity printed, but activity< MDA . 
B - Activity< MDA and failed test . 
C - Area< Critical level. 
F - Failed f r action or key line test . 
H - Halflife limit exceeded 

........ 

- ---- - -- - -- -- -- - ------------- SUMMARY --- -- - - --- - ------------- - ---
Total Activity ( 87 . 5 to 1776 . 5 keV) 2 . 9558 - 03 uCi/g 
This section based on library : Hanford.Lib 

- I -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 92 of 365 

ORTEC g v - i (1215) Env32 G53W4 . 22 11-JUN-2014 09:15 : 05 
RSSI Spectrum name : Gl40118 .Anl 

Sample description 
Gl40118 CTL, Cyl 3, Shallow End 

Spectrum Filename: H: \GammaVision\User\Spectra\G140118.Anl ....... s UMM ARY 0 F L I B R A R Y PE AK u s AGE ***** 
- Nuclide - Average ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value 

uCi/g keV uCi / g uCi/g COMMENTS 

RH -1 06 I O. OOOOE+OO 
511. 86 0.0008+00 % 5.067E-05 1.008+03 G 
621. 93 0.0008+00 % 2 .54 9E- 05 l. 008+03 G 

1050 . 41 0.0008+00 % 2 . 5798- 04 1.008+03 G 
616.22 0 .0008+00 & 7.6428-04 1.00E+03 G 
873 .4 9 O. OOOE+OO & 1.2318-03 1 . 00E+03 G 

1128. 07 0 . 0008+00 % 6 . 0458-04 l.OOE+03 G 

C0-60 F O.OOOOE+OO 
1332.49 O. OOOE+OO % 2 . 263E - 06 1.00E+03 G 
1173.23 O. OOO E+OO \ 4 . 9688 - 06 l.OOE+03 G 

I-129 O.OOOOE+OO 
39.58 O.OOOE+OO & O. OOOE+OO 1 . 00E+0 3 G 

PB-214 N O. OOOOE+OO 
351. 93 O. OOOE+OO \ 1.9578 - 05 l.OOE+03 G 
295.22 O. OOOE+OO \ 2.535E-05 1.008+03 G 

77 .11 O. OOOE+OO \ 8.487E - 05 l.OOE+03 XA 
241. 99 O. OOOE+OO \ 6.4918-05 1.008+03 G 

74.82 O. OOOE+OO \ 2 .2118 - 04 l. 008+03 XA 

Ac -2 27 N O. OOOOE+OO 
147.61 0 . 0008+00 \ 1.5378-01 1.00E+03 G 
160.49 O. OOOE+OO % 6.5968 - 02 1.00E+03 G 

BI - 214 N 1.44318 - 04 
609 . 32 1.320E-04 1.124E- 05 1 . 668+01 G 

1764.49 O.OOOE+OO \ 1. 0108-05 1.00E+03 G 
1120.29 l.819E- 04 ? ( 3. 610E - 05 3.248+01 G 
1238.12 2 . 815E- 04 + 1.285E- 04 4.148+01 G 

768 . 36 O.OOOB+OO 1.335E-05 O. OOB+OO G 

RA - 226 N O.OOOOE+OO 
186 . 21 O. OOOE+OO O.OOOE+OO O. OOE+OO GA 

EU-154 I O. OOOOE+OO 
123 . 07 O. OOOE+OO \ 5 . 2268-06 l . OOE+03 G 

1274. 43 O. OOOE+OO & 1.6838-05 1 . 008+03 G 
723. 30 O.OOOE+OO \ 3 . 004E - 05 l.OOE+03 G 

1004.76 O.OOOE+OO % 1.2088- 05 1. OOE+03 G 

873 . 18 O.OOOE+OO \ 2 . 619E- 05 1.008+03 G 
996 . 29 O.OOOE+OO & 6 . lOlE-05 l.OOE+03 G 

EU - 155 I 0 . 00008+00 
86 . 55 O. OOOE+OO % 1.609E-05 l.OOE+03 G 

105 . 31 0 . 0008+00 & 2.3788-05 1 . 00E+03 G 

45 . 30 O. OOOE+OO \ 3 . 6238-02 l.OOE+03 G 
60 . 01 O.OOOE+OO \ l.849E-03 l.OOE+03 G 

EU-152 F O.OOOOE+OO 
121 . 78 O. OOOE+OO % 1.625E-05 l.OOE+03 G 
344 . 28 O.OOOE+OO % l.457E-05 l.OOE+03 G 

1408. 01 O. OOOE +OO % l.708E-05 1 . 008+0 3 G 

- 2 -



RPP-RPT-58254 10/30/2014 - 12:51 PM 93 of 365 

ORTEC g v - i (1215) Env32 G53W4.22 ll-JUN-2014 09 :15: 05 
RSSI Spectrum name: Gl40118.Anl 

Sample description 
Gl40118 CTL , Cyl 3, Shallow End 

Spectrum Filename : H:\GamrnaVision\User\Spectra\Gl40118.Anl 
964 . 08 O. OOOE+OO \- 1. 4268-05 1. OOE+03 G 

1112. 07 O.OOOE+OO \- 2 . 0608 - 05 1.008+03 G 
778.90 0 . 0008+00 \- 1 . 5328-05 l . OOE+03 G 

CS - 137 I O.OOOOE+OO 
661.66 0 . 0008+00 \- 6 . 9018 - 06 l . OOE+03 G 

CS - 134 I O. OOOOE+OO 
604. 72 0.0008+00 \- 1. 9568- 06 l . OOE+03 G 
795 . 86 0 . 0008+00 & 5 . 026E-06 1. OOE+03 G 
569 . 33 O. OOOE+O O & 3 . 7638-05 1. OOE+03 G 

Th- 232 N O.OOOOE+OO 
63.81 0 . 0008+00 \- 6 . 2108 - 03 1 . OOE+03 G 

140.88 O.OOOE+OO & 1.7038- 02 1. OOE+03 G 

AC -228 N O.OOOOE+OO 
911. 20 O.OOOE+OO \- 3.4578-05 l . OOE+03 G 
968.97 0 . 0008+00 \- 5 . 0228- 05 l . OOE+03 G 
338.32 O.OOOE+OO \- 4.6958-05 l.OOE+03 G 
964 . 77 O.OOOE+OO \ 6 . 543E- 05 l . OOE+03 G 
463.00 O. OOOE+OO & 1.2468- 04 l.OOE+03 G 

NP-237 F O. OOOOE+OO 
86. 4 8 O.OOOE+OO & 5 . 513E-05 l.OOE+03 G 
95.86 O. OOOE+OO \ 9 . 839E - 05 l.OOE+03 XA 
92.28 O.OOOE+OO & 4.409E- 04 1.008+03 XA 

108.42 O.OOOE+OO & 9 . 1888- 04 1. 008+03 XA 
94 . 64 O.OOOE+OO \ 6 . 477E- 04 l.OOE+03 G 

143.25 0.0008+00 & l. 095E- 03 l.OOE+03 G 
57 . 10 0 . 0008+00 \- 1.0858- 02 1.008+03 G 

151. 41 0 . 000E+OO \- 1 . 4098 - 03 l . OOE+03 G 

SB-125 I O.OOOOE+OO 
427 . 87 O. OOOE+OO \ 1 . 6218- 05 l. OOE+03 G 
600.60 O. OOOE+OO \- 2 . 1478- 05 l.OOE+03 G 
635 . 95 0 . 000E+OO \- 1.6208-05 l.OOE+03 G 
463 . 36 O. OOOE+OO & 5.1958 - 05 1. OOE+03 G 

PU-239 T O.OOOOE+OO 
51 . 62 O.OOOE+OO & 3 . 0208 - 01 l . OOE+03 G 

129 . 30 O.OOOE+OO & 7.8468- 02 l . OOE+03 G 
98.43 O. OOOE+OO & 9 . 223E- 02 l.OOE+03 XA 
9 4 .65 O.OOOE+OO \- 1.1068- 01 l.OOE+03 XA 

111 . 30 O. OOOE+OO \- 2.7328-01 l.OOE+03 XA 
375.05 0.0008+00 \- 2.695E-01 l . OOE+03 G 
413. 71 O. OOOE+OO & 3 .274E-01 1.008+03 G 

PU - 240 T O.OOOOE+OO 
45.24 O. OOOE+OO \- 1. 1268+00 l.OOE+03 G 

104.23 O. OOOE+OO \- 7 .1258- 02 l . OOE+03 G 
160.31 O.OOOE +OO \- 8 . 037E- 01 l . OOE+03 G 

PU- 238 T O.O OOOE+OO 
43.50 O. OOOE+OO \- O. OOOE+OO l . OOE+03 G 
99 . 85 O. OOOE+OO & 7 . 3618- 02 l . OOE+03 G 

152. 72 O.OOOE+OO & 4.2368- 01 1 . 00E+03 G 

U- 234 N O. OOOOE+OO 
53.20 O.OOOE+OO \- 2.211E-02 l. OOE+03 G 

- 3 -



RPP-RPT-58254 

RSSI 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4 . 22 ll - JUN-2014 09:15:05 
Spectrum name : Gl40118.Anl 

Sample description 
Gl40118 CTL, Cyl 3, Shallow End 

Spectrum Filename : H: \GammaVision\User\Spectra\Gl4011B.Anl 

U-238 N O.OOOOE+OO 

Pa- 231 N O.OOOOE+OO 

AM- 241 T O.OOOOE+OO 

U-235 N 3.3798E - 05 

Th-229 I O. OOOOE+OO 

Am- 243 T 3.5206E-05 

Cm-243 F O. OOOOE+OO 

Sn- 126 I 6.0373E - 05 

K-40 N 2.6809E-03 

120.90 O.OOOE+OO & 1 . 1708-02 l . OOE+03 G 

113.50 O.OOOE+OO & 

49.55 O. OOOE+OO & 

283 . 69 O.OOOE+OO % 
300.07 O.OOOE+OO % 
330.06 O.OOOE+OO % 
302.65 O.OOOE+OO % 

59 . 54 O. OOOE+OO \ 

3 . 714E - 02 l . OOE+03 G 
l . 204E - Ol l . OOE+03 G 

2 . 105E- 04 l.OOE+03 G 
2 . 000E-04 l . OOE+03 G 
l . 804E- 04 l . OOE+03 G 
7 .l lBE-05 l.OOE+03 G 

6.593E-05 l . OOE+03 G 

143.76 3 . 380E - 05 ?( 2 . 545E-05 7 . 88E+Ol G 
163 . 33 O. OOOE+OO \ 3 . 518E - 05 l . OOE+03 G 
185.71 7 . 250E - 06 - 4.947E-06 6.31E+Ol G 
205.31 0.000E+OO & 5 . 0lSE-05 l.01E+02 G 

210 . 15 O.OOOE+OO & 

193.51 O.OOOE+OO \ 
156.41 O. OOOE+OO % 
136.99 O.OOOE+OO % 

86.40 O.OOOE+OO & 

86.25 O.OOOE+OO & 

74.66 3.521E-05 
43.53 0.000E+OO -

277 . 60 O.OOOE+OO % 
228.18 O. OOOE+OO % 
209.75 O.OOOE+OO & 

87.57 1.5638 - 05 ?( 
86.94 O.OOOE+OO % 
64.28 2.328E-04 ( 

1460.82 2.6818-03 

l.318E-04 l . OOE+03 G 
8 . 550E-05 1 . 00E+03 G 
3 . 8228-04 l . OOE+03 G 
1 . 680E- 04 l.OOE+03 G 
2 . 6668-04 l . OOE+03 G 
4 . 069E- 04 1.00E+03 G 

1.8818-05 5.42E+Ol G 
O. OOOE+OO 6 . 61E+Ol G 

l.260E- 05 l.OOE+03 G 
3 . 2648-05 1 . 00E+03 G 
1 . 120E- 04 l . OOE+03 G 

l.336E-05 8 . 92E+Ol G 
6 . 934E-05 1 . 008+03 G 
1.8628-04 8 . 04E+Ol G 

l.171E-05 6.61E+OO G 
- This peak used in the nuclide activity average. 

* - Peak is too wide, but only one peak in library . 
- Peak is part of a multiplet and this area went 

negative during deconvolution . 
? - Peak is too narrow. 
@ - Peak is too wide at FW25M, but ok at FWHM. 
% - Peak fails sensitivity test . 
$ - Peak identified, but first peak of this nuclide 

failed one or more qualification tests. 
+ - Peak activity higher than counting uncertainty range. 

Peak activity lower than counting uncertainty range. 
- Peak outside analysis energy range. 

& - Calculated peak centroid i s not close enough to the 
l ibrary energy centroi d for positive ident i fication. 

P - Peakbackground subtraction 

-4-
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4 . 22 ll - JUN - 201 4 09 : 15 : 05 
RSSI Spectrum name: Gl40118.Anl 

Sample descript i on 
Gl40118 CTL, Cyl 3, Shallow End 

Spectrum Fi l ename: H: \GammaVision\User\Spectra\Gl40118 . Anl 
} - Peak i s too close to another for the activity 

to be found directly . 

Nuclide Codes : 
T - Thermal Neutron Activation 
F - Fast Neutron Act i vation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
c - Charged Particle React i on 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Hal flife limit exceeded 

Peak Codes: 
G - Gamma Ray 
X - X- Ray 
P - Positron Decay 
S - Singl e - Escape 
D - Double -Escape 
K - Key Line 
A - Not in Average 
C - Coincidence Peak 

This section based on library : Hanford .Lib 

- 5 -
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RPP-RPT-58254 10/30/20 14 - 12:51 PM 

RSSI 
ORTBC g v - i (1215) Env32 G53W4.22 ll-JUN-2014 09 : 15 : 05 

Spectrum name: Gl40118.Anl 

Sample description 
Gl40118 CTL, Cyl 3, Shallow End 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl40118 . Anl 
************UN IDENTIFIED PE AK SUMMARY 

Peak Centroid Background Net Area Intensity Uncert FWHM 
Channel Energy Counts Counts Cts/Sec 1 Sigma% keV 

167.66 36.44 160 . 138 . 0.019 19.14 0.360 
207 . 71 45.30 249. 42 . 0.006 55 . 40 0 . 860 
305.36 66 . 35 189. 55. 0.008 38 .1 0 0 . 885 
334.05 72 .58 267 . 98 . 0 . 014 25.75 0.893 
345.66 75 .11 334 . 110 . 0 . 015 25.38 0 . 896 
817.36 178.11 149. 33. 0 . 005 59.76 0.266 

1094.67 238 . 59 182. 88 . 0 . 012 30 . 80 0.512 

s - Peak fails shape tests . 
D - Peak area deconvoluted. 
L - Peak written from unknown list. 
C - Area < Critical level. 

This section based on library: Hanford . Lib 

- 6 -

*********••· 
suspected 
Nuclide 

s 
D 
D 
D 
D 

s 
s 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215} Env32 G53W4.22 ll-JUN-2014 09:15:05 

Spectrum name: Gl40118.Anl 

Sample description 
Gl40118 CTL, Cyl 3 , Shallow End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40118.Anl 
Acquisition information 

Start time: 
Live time: 
Real time: 
Dead time: 
Detector ID: 

Detector system 
CLTCOMP MCB 9 

Calibration 
Filename: 

10-Jun - 2014 16:38:02 
7200 
7203 

0. 04 \ 
1 

0 14 0118, Anl 
05-9-14 calbiration GEM - 10175 

Energy Calibration 
Created: 
zero offset: 
Gain: 
Quadratic: 

Efficiency Calibration 
Created: 
Type: 
Uncertainty: 
Coefficients: 

Library Files 
Main analysis library: 
Library Match Width: 
Peak stripping: 

Analysis parameters 
Analysis engine: 
Start channel: 
Stop channel: 
Peak rejection level: 
Peak search sensitivity: 
Sample Size: 
Activity scaling factor: 

Detection limit method: 
Random error: 
Systematic error : 
Fraction Limit: 
Background width: 
Half lives decay limit: 
Activity range factor : 
Min . step backg . energy 
Multiplet shift channel 

Corrections 
Decay correct to date: 
Decay during acquisition: 
Decay during collection: 

10 - Jun - 2014 10:16:41 
-0.121 keV 

0 . 218 keV/channel 
1.305E- 08 keV/channelA2 

08 - May- 2014 19:30:22 
Polynomial 
0 . 804 \ 

- 0 . 496291 - 5.469037 0.606430 
- 0 . 0GOllO 0 . 001719 - 0.000022 

Hanford.Lib 
0.500 
Library based 

Env32 G53W4.2 2 
20 ( 4.24kev) 

8144 ( 1776 . 54keV) 
100.000\ 

3 
l.OOOOE+OO 
l.OOOOE • OO/( l.OOOOE+OO• 
l.OOOOE • OO 
Traditional ORTEC method 
l . OOOOOOOE+OO 
1.0000000E+OO 
0.000\ 

l.OOOOE+OO) • 

best method (based on spectrum) . 
12.000 
2.000 
0.000 
2 . 000 

Comments 

True coincidence correction: 

Status 
NO 
NO 
NO 
NO 
YES Peaked backgroun~ correcti on : 

Absorption (Internal) : 
Geometry correction : 
Random summing: 

total peaks alloc. 25 cutoff 
Energy Calibration 

Normalized diff: 

NO 
NO 
NO 

20.00000 

0.2982 

- 7 -

GEM-10175 04_30_14 . Pbc 
30 - Apr- 2014 11:30:36 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4 . 22 09-JUN-2014 13 : 37:28 

Spectrum name: Gl40111 . Anl 

Sample description 
G140111 CTL Cyl 4, Shallow End, 2 hour 

Spectrum Filename: H:\GammaVision\User\Spectra\G140111.Anl 
***** SUMMARY OF NUCLIDE S IN SAMPLE ***** 

Nuclide 

RH-106 
C0- 60 
PB - 214 
Ac-227 
BI - 214 
EU- 154 
EU - 155 
EU-152 
CS-137 
CS - 134 
Th-232 
AC-228 
NP - 237 
SB-125 
PU- 239 
PU- 240 
U-234 
U- 238 
Pa-231. 
AM - 241 
U- 235 
Th- 229 
Am- 243 
Cm- 243 
Sn- 126 
K-40 

< 

< 
< 
< 

< 
< 

< 

< 

< 
< 

< 
< 
< 
< 

< 

< 
< 
< 

< 
< 

< 
< 
< 

Time of Count 
Activity 

uCi/g 

4.8601E-05 
3 . 8157E-06 
l . 7945E-05 
l.1744E-01 
1. l 731E-04 
1. 3657E - 05 
2 . 6397E - 05 
l . 5418E-05 
l.9884E-06 
5.2844E - 06 
7 . 2798E - 03 
2 . 5472E- 05 
4 . 6836E - 05 
l.2046E-05 
2 . 7666E - 01 
6 . 3190E - 01 
5 . 1814E- 02 
2 . 1322E- 02 
l.6141E-04 
l . 2238E-04 
2 . 9168E - 05 
1 . 0121E-04 
9 . l574E-05 
2 . 7191E - 05 
l . 5943E-05 
1 . 2423E - 04 

< - MDA value printed. 

Uncertainty 
Counting 

1 Sigma 
Total 

l.295E+Ol\ l . 31SE+Ol\ 

6.583E+Ol\ 6 . 592E+Ol\ 

2 . 369E+Ol\ 2 . 398E+Ol\ 

A - Activity printed, but activity< MDA. 
B - Activity< MDA and failed test . 
C - Area< Critical level. 
F - Failed fraction or key line test . 
H - Halflife limit exceeded 

----------------------------- SUMMARY -------------------- --- --- --
Total Activity ( 4.2 to 1779.6 keV) 3.313E- 04 uCi/g 
This section based on library: Hanford.Lib 

- 1 -
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RPP-RPT-58254 10/30/2014 -12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4 . 22 09 -JUN - 2014 13 : 37:28 

Spectrum name : Gl 40111. Anl 

Sample desc r iption 
Gl40111 CTL Cyl 4, Shallow End, 2 hour 

Spectrum Filename : H: \GammaVi sion\User\Spectra\Gl401 11 . Anl 
*** ** SU MM ARY OP LI BRARY PE A K US AG E *** ** 
- Nuc l ide -
Name Code 

RH- 1 06 I 

C0 - 60 F 

I - 12 9 

PB - 214 N 

Ac - 227 N 

BI-214 N 

RA - 226 N 

EU - 154 I 

EU - 155 I 

EU- 1 52 F 

Average 
Activity 
uCi/g 

0.0000E+OO 

O. OOOOE +OO 

O. OOOOE+OO 

O. OOOOE+ OO 

O. OOOOE+OO 

1. 1731E- 04 

O.OOOOE+OO 

O.OOOOE+OO 

O. OOOOE+OO 

O. OOOOE+OO 

------------- Peak --------------
Energy Activi ty Code MDA Value 

keV uCi/g uCi/g COMMENTS 

51 1.86 O. OOOE+OO % 
62 1. 93 0.000E+OO % 

1050 . 41 O. OOOE+OO % 
616 . 22 O. OOOB+OO % 
873 .4 9 0 . 0008+00 % 

1128.07 O. OOOE+OO % 

1332. 49 0 . 0008+00 \ 
1173 . 23 0 . 0008+00 % 

39.58 O. OOOE+OO % 

351 . 93 O.OOOE+OO % 
295.22 0.0008+00 % 

77 .11 O. OOOE+ OO % 
241 . 99 O. OOOE+OO % 

74 . 82 O. OOOE+OO \ 

147 . 61 O. OOOE+OO \ 
1 60.49 O. OOOE+OO % 

4. 860E- 05 l . OOE+03 G 
3 . 5718- 05 1 . 00E +03 G 

1 .138E- 04 1.00E+ 03 G 

3 . 802E- 04 l . OOE+03 G 
1 . 128E- 03 1 . 00 E+ 03 G 

4 . 720E- 04 1. 00 E+ 03 G 

3.8168- 06 l. OOE+03 G 
4. 247E- 06 1. 008+03 G 

O. OOOE+OO l. OOE+03 G 

1 . 7958- 05 l . OOB+03 G 
2 . 6908- 05 l. OOE+03 G 
6 .5 488- 05 1. 00E+03 XA 
5.680E- 05 l . OOE+03 G 
2 . 252E- 04 l . OOE+03 XA 

1. 174E- Ol 1.00E+03 G 
3 . 957E- 02 1.00E+03 G 

609.32 l . 173E- 04 ( 6.9258- 06 1.30E+Ol G 
1764 . 49 O. OOOE+OO \ 1.0lOE-05 l . OOE+03 G 
112 0 .29 O. OOOE+OO \ 2 . 140E- 05 3 . 91E+02 G 
1238.12 2.635E- 04 & 1.2588- 04 4 . 37E+ Ol G 

768 . 36 3.604E- 04 & l . 169E- 04 2 . 83E+Ol G 

186 . 21 O. OOOE+OO & 

123 . 07 O. OOOE+OO \ 
1 274 . 43 O.OOOE+OO & 

723 . 30 0 . 000E+OO % 
1004 . 76 O. OOOE+OO \ 

8 73 . 18 O. OOOE+OO % 
996 . 29 O. OOOE+OO % 

86 . 55 O. OOOE+OO % 
105.31 O. OOOE+OO % 

45 . 30 O. OOOE+ OO \ 
60.01 O. OOOE+OO & 

121 . 78 O.OOOE+OO \ 
344. 28 O. OOOE+ OO % 

- 2 -

O. OOOE+OO 1 . 008+03 GA 

1 . 3668- 05 1 . 008+03 G 
1. 6198- 05 1 . 00E+03 G 
2.614E- 05 1 . 00E+03 G 
1. 4158- 05 1 . 008 +03 G 
4 . 096E- 05 1.00E+03 G 
2 . 412E- 05 1 . 008+03 G 

2 . 640E- 05 1.00E+03 G 
2 .5138- 05 l .OOE+03 G 
2 . 033 8- 02 1 . 00E+ 03 G 
2 . 1948- 03 1 . 00E+03 G 

1 . 5428 - 05 1.008+03 G 
6 . 11 88 - 06 1 . 00E+03 G 
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RPP-RPT-58254 

RSSI 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4 . 22 09 -JUN-2014 13:37 : 28 
Spectrum name: Gl401 11 .Anl 

Sample descr i ption 
Gl40111 CTL Cyl 4, Shallow End, 2 hour 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40111.Anl 
1408 . 01 O. OOOE+OO \ l.138B-05 l.OOE+03 G 

964 . 08 O.OOOE+OO \ l.426E-05 1.008+03 G 
1112.07 O. OOOE+OO \ 4.361E-05 1 . 008+03 G 

778.90 O.OOOE+OO & 3.331E- 05 l.OOE+03 G 

CS -1 37 I 

CS -1 34 I 

Th - 232 N 

AC - 228 N 

NP - 237 F 

SB - 125 I 

PU- 239 T 

PU- 240 T 

PU - 238 T 

O. OOOOE+OO 

0 . 00008+00 

O. OOOOE+OO 

O. OOOOE+OO 

O.OOOOE+OO 

O. OOOOE+OO 

O. OOOOE+OO 

O. OOOOE+OO 

O.OOOOE+OO 

661 . 66 O.OOOE+OO \ 

604.72 O.OOOE+OO \ 
795.86 O. OOOE+OO \ 
569 . 33 O. OOOE+OO \ 

63.81 O. OOOE+O O & 

140.88 O. OOOE+OO \ 

911 . 20 O.OOOE+OO \ 
968 . 97 O.OOOE+OO \ 
338 . 32 O.OOOE+OO \ 
964 . 77 O. OOOE+OO \ 
463 . 00 0.0008+00 & 

86 . 48 O.OOOE+OO \ 
95 . 86 O. OOOE+OO \ 
92.28 O.OOOE+OO \ 

108.42 O.OOOE+OO & 
94 . 64 O. OOOE+OO \ 

143.25 O.OOOE+OO & 
57.10 O. OOOE+OO \ 

151.41 O. OOOE+OO \ 

427.87 O. OOOE+OO \ 
600.60 O.OOOE+OO \ 
635.95 O.OOOE+OO \ 
463.36 0 . 0008+00 & 

51.62 0.0008+00 & 
129.30 0.0008+00 \ 

98 . 43 o ; oooE+oo \ 
94 . 65 O. OOOE+OO \ 

111 . 30 0 . 0008+00 & 

375 . 05 0.0008+00 \ 
413.71 O.OOOE+OO \ 

45 . 24 O.OOOE+OO \ 
104.23 O. OOOE+OO & 

160 . 31 O.OOOE+OO \ 

43 . 50 O.OOOE+OO \ 
99 . 85 O.OOOE+OO \ 

152.72 0 . 0008+00 \ 

- 3 -

1 . 988E- 06 l . OOE+03 G 

5 . 284E-06 1.00E+03 G 
6 . 114E- 06 l.OOE+03 G 
9 . 478E - 06 l.OOE+03 G 

7 . 280E - 03 l . OOE+03 G 
l.405E - 02 l . OOE+03 G 

2 . 5478-05 l.OOE+03 G 
2.0758-05 l . OOE+03 G 
4 . 5968-05 l . OOE+03 G 
4 . 1 908- 05 l.OOE+03 G 
9 . 1328-05 l.OOE+03 G 

4 . 684E-05 l . OOE+03 G 
9 . 4218- 05 l.OOE+03 XA 
l . 646E - 04 l . OOE+03 XA 
7 . 165E-04 1 . 00E+03 XA 
1.0058-03 l . OOE+03 G 
1.1148- 03 l.OOE+03 G 
4.843E-03 l.OOE+03 G 
1 . 1758-03 1.00E+03 G 

1 . 2058-05 1.00E+03 G 
2 . 6958-05 1 . 008+03 G 
1 . 7788 - 05 l.OOE+03 G 
3.8088-05 l.OOE+03 G 

2.7678 - 01 l.OOE+03 G 
8 . 331E- 02 l.OOE+03 G 
8.4478-02 l.OOE+03 XA 
1.716E-01 l.OOE+03 XA 
3 . 9278-01 l.OOE+03 XA 
1.104E- 01 l.OOE+03 G 
1.7458-01 1 . 008+03 G 

6 . 319E- 01 l.OOE+03 G 
7.077E- 02 1.008+03 G 
4.557E-01 1.00E+03 G 

O.OOOE+OO 1.008+03 G 
3.3978-02 1 . 008+03 G 
2.2198-01 1.008+03 G 
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RPP-RPT-58254 10/30/2014 -1 2:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 09 - JUN- 2014 13:37:28 

Spectrum name: Gl40111 . Anl 

Sample description 
G140111 CTL Cyl 4, Shallow End, 2 hour 

Spectrum Filename: H:\GammaVision\User\Spectra\G140111.Anl 
U-234 N O. OOOOE+OO 

U- 238 N O.OOOOE+OO 

Pa - 231 N O.OOOOE+OO 

AM- 241 T l.2238E - 04 

53.20 O.OOOE+OO \ 
120.90 O.OOOE+OO \ 

113.50 O. OOOE+OO % 
49.55 O. OOOE+OO \ 

283 . 69 O. OOOE+OO & 

300 . 07 O. OOOE+OO & 

330 . 06 O. OOOE+OO & 

302.65 O.OOOE+OO & 

5 .l81E- 02 l.OOE+03 G 

7.3708-03 l . OOE+03 G 

2.132E-02 l . OOE+03 G 
l.199E-Ol l.OOE+03 G 

l . 614E- 04 l.OOE+03 G 
l.550E-04 l.OOE+03 G 

2 . 899E- 04 l.OOE+03 G 
l.507E-04 l.OOE+03 G 

59 . 54 l.224E - 04 &( 6.718E- 05 6 . 58E+Ol G 

U-2 35 N O.OOOOE+OO 

Th- 229 I O.OOOOE+OO 

Am- 243 T 9.l574E-05 

Cm - 243 F O.OOOOE+OO 

Sn-126 I O. OOOOE+OO 

K- 40 N O.OOOOE+OO 

143 . 76 O.OOOE+OO \ 
163.33 O. OOOE+OO % 
185 . 71 O.OOOE+OO & 

205 . 31 O. OOOE+OO \ 

210.15 O. OOOE+OO & 

193.51 O.OOOE+OO % 
156.41 O.OOOE+OO \ 
136 . 99 O.OOOE+OO \ 

86.40 O.OOOE+OO \ 
86 . 25 O. OOOE+OO & 

74 . 66 9 . l57E - 05 
43.53 O.OOOE+OO -

277.60 0.000E+OO \ 
228 . 18 0.000E+OO \ 
209.75 O.OOOE+OO & 

87 . 57 O.OOOE+OO \ 
86.94 O.OOOE+OO & 

64.28 0.000E+OO \ 

1460 . 82 O.OOOE+OO 

2.917E- 05 l.OOE+03 G 

6.l53E- 05 1.00E+03 G 

7.8308- 06 1 . 00E+03 G 

8.9348- 05 l.OOE+03 G 

1 . 0l2E- 04 1 . 00E+03 G 
7 . 955E-05 1.00E+03 G 

2.963E- 04 1.00E+03 G 
3.968E - 04 1.00E+03 G 
2.265E - 04 l.OOE+03 G 

6.0948 - 04 1 . 00E+03 G 

l.606E - 05 2.37E+Ol G 
0.0008+00 4.66E+Ol G 

2.7198-05 1 . 008+03 G 

2.5968- 05 1 . 008+03 G 
1.4598-04 1.008+03 G 

1.5948-05 1.008+03 G 
7 . 036E-05 l.OOE+03 G 
9 . 008E- 05 1.00E+03 G 

1.2428- 04 0 . 00E+OO G 
- This peak used in the nuclide activity average . 

* - Peak is too wide, but only one peak in library. 
- Peak is part of a multiplet and this area went 

negative during deconvolution. 
? - Peak is too narrow . 
@ - Peak is too wide at FW25M, but ok at FWHM . 
\ - Peak fails sensitivity test. 
$ - Peak identified, but first peak of this nuclide 

failed ·one or more qualification tests . 
+ - Peak activity higher than counting uncertainty range. 
- - Peak activity lower than counting uncertainty range. 

- Peak outside analysis energy range. 

- 4 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 09-JUN-2014 13:37:28 

Spectrum name: Gl40lll.Anl 

Sample description 
Gl40111 CTL Cyl 4, Shallow End, 2 hour 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40111.Anl 
& - Calculated peak centroid is not close enough to the 

library energy centroid for positive identification . 
P - Peakbackground subtraction 
} Peak is too close to another for the activity 

to be found directly. 

Nuclide Codes: 
T - Thermal Neutron Activation 
F - Fast Neutron Activation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
C - Charged Particle Reaction 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Halflife limit exceeded 

Peak Codes: 
G - Gamma Ray 
X - X-Ray 
P - Positron Decay 
S - Single-Escape 
D - Double-Escape 
K - Key Line 
A - Not in Average 
C - Coincidence Peak 

This section based on library: Hanford.Lib 

- 5 -
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RPP-RPT-58254 

RSSI 

10/30/2014 -12: 51 PM 

ORTEC g v - i (1215) Env32 G53W4.22 09 - JUN-2014 13 : 37:28 
Spectrum name: 0140111 . Anl 

Sample description 
Gl40111 CTL Cyl 4, Shallow End, 2 hour 

Spectrum Filename: H:\Gam~aVision\User\Spectra\Gl40111 . Anl 
••••••••••••UN IDEN TI FIB D PE AK SUMMARY•••••••••••• 

Peak Centroid Background Net Area Intensity Uncert FWHM Suspected 
Channel Energy Counts Counts Cts/Sec l Sigma\ keV Nuclide 

166.83 36.31 115. 152. 0 . 021 15 . 49 0 . 641 s 

s - Peak fail s shape tests . 
D - Peak area deconvoluted . 
L - Peak written from unknown list. 
C - Area < Critical level. 

Thi s section based on library: Hanford.Lib 

- 6 -
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RPP-RPT-58254 10/30/2014 -1 2:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 GS3W4.22 09-JUN-2014 13:37:28 

Spectrum name: Gl40111.Anl 

Sample description 
Gl40111 CTL Cyl 4, Shallow End, 2 hour 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40111 . Anl 
Acquisition information 

Start time: 
Live time: 
Real time: 
Dead time: 
Detector ID: 

Detector system 
CLTCOMP MCB 9 

Calibration 
Filename, 

06 - Jun-2014 16:20:24 
7200 
7203 

0.03 % 
l 

Gl40lll . Spc 
05-9 - 14 calbiration GBM-10175 

Energy Calibration 
Created: 
Zero offset: 
Gain: 
Quadratic: 

Efficiency Calibration 
Created: 
Type: 
Uncertainty : 
Coefficients: 

Library Files 
Main analysis library : 
Library Match Width: 
Peak stripping: 

Analysis parameters 
Analysis engine: 
Start channel: 
Stop channel: 
Peak rejection level: 
Peak search sensitivity: 
Sample Size : 
Activity scaling factor: 

Detection limit method: 
Random error: 
Systematic error: 
Fraction Limit: 
Background width : 
Half lives decay limit: 
Activity range factor: 
Min. step backg. energy 
Multiplet shift channel 

Corrections 
Decay correct to date: 
Decay during acquisition: 
Decay during collection: 

06 - Jun- 2014 09 : 34 : 23 
-0 . 132 keV 

0 . 218 keV/channel 
l.235E - 08 keV/channelA2 

08-May-2014 19:30:22 
Polynomial 
0. 804 \ 

-0 . 496291 - 5 . 469037 0.606430 
- 0 . 060110 0 . 001719 - 0 . 000022 

Hanford.Lib 
0.500 
Library based 

Env32 G53W4 . 22 
20 ( 4.24keV) 

8144 ( 1779 . 64keV) 
100.000\ 

3 
1.0000E+OO 
l . OOOOE+OO/( 1.0000E+OO* 
l.OOOOE+OO 
Traditional ORTEC method 
1.0000000E+OO 
l . OOOOOOOE+OO 
0 . 000\ 

1 . 0000B+OO) 

best method (based on spectrum). 
12.000 

2 . 000 
0 . 000 
2.000 

Comments 

True coincidence correction: 

Status 
NO 
NO 
NO 
NO 
YES Peaked background correction : 

- 7 -

GBM-10175 04 30 14.Pbc 
30 - Apr - 2014 11:30:36 
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RPP-RPT-58254 

RSSI 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4 . 22 09 - JUN - 2014 13:37:28 
Spectrum name: Gl40111.Anl 

Sample description 
Gl40111 CTL Cyl 4, Shallow End, 2 hour 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40111 . Anl 
Absorption (Internal ) : NO 
Geometry correction: NO 
Random summing: NO 

t otal peaks alloc . 19 cutoff 
Energy Calibration 

Normalized diff : 

20 . 00000 

0 . 4190 

- 8 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (12 1 5) Env32 G53W4 . 22 10 - Jl.JN - 2014 16 : 28 : 54 

Spectrum name : Gl40116 .Anl 

Sample descri ption 
Gl 40116 CTL , Cyl 5, Shallow End 

Spectrum Fi lename : H: \GammaVision\User\Spectra\G140116 . Anl 
~• •• • SU MM ARY OF NUCLIDE S IN SAMPLE 

Time of Count Uncertainty 1 Sigma 
Nucl i de Activi ty Count i ng Total 

RH - 106 # 
C0- 60 < 
PB- 214 < 

Ac - 227 < 

BI - 214 
8U- 154 < 

EU - 155 < 

BU - 1 52 < 

CS - 137 < 

CS - 134 < 

Th - 232 < 

AC - 228 < 
NP - 237 < 

SB - 125 < 

PU - 239 < 
PU-240 < 

PU - 238 #A 
U- 23 4 < 
U- 238 < 
Pa - 231 < 
AM - 241 < 
U- 235 < 
Th - 229 < 
Am- 243 # 
Cm - 243 < 
Sn- 126 # 
K- 40 

uCi/g 

3 . 6667E - 04 
2.2630E-06 
1.8980B- 05 
l. 55588 - 01 
1. 0379E - 04 
9.7315E - 06 
1.04 30E - 05 
1. 8465E - 05 
2 . 45348- 06 
1 . 956 18 - 06 
5.26278- 03 
2.0939E- 05 
2. 5877E - 05 
1 . 8677E- 05 
2. 5973E- 01 
7 . 9449E- 01 
9 . 3437E- 03 
4.2897E- 02 
4 .0920E- 02 
2 . 2437E- 04 
5. 27388- 05 
1. 8818E - 05 
1 . 25788- 04 
8 . 84378- 05 
1.5699E- 05 
9.4231E - 05 
2.37078- 03 

1 . 471E+Ol\ 

1.4 90E +Ol \ 

4. 955E+Ol\' 

2 .1668+01% 

5. 292E+OH 
7.444E+00% 

1 . 4848+01' 

l . 507E+ OH; 

4.96 6E+Ol\ 

2 . 1 99E+OH · 

5 . 305E+Ol\' 
8.187E+OO\ 

# - All peaks f o r act i v i ty calculat i on· had bad shape . 
• - Activity omitted from total 
& - Activity omi t ted from total and all peaks had bad shape . 
< - MDA va l ue printed. 
A - Acti v i ty printed, but activity< MDA . 
B - Activity< MDA and failed test . 
C - Area < Critical level. 
F - Fa i led fraction or key line test. 
H - Ha l fl i fe l i mit exceeded 

SUMMARY 
Total Activi ty ( 87 . 5 to 1776 . 5 keV) 1 . 237E- 02 uCi /g 
This section based on l i brary : Hanford . Lib 

- I -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORT8C g v - i (1215) Env32 G53W4.22 10 -JUN-2014 16:28:54 

Spectrum name: Gl40116 . Anl 

Sample description 
G140116 CTL, Cyl 5, Shallow End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40116 . Anl 
***** SUMMARY OF LIBRARY P 8 AK US AGE ***** 
- Nuclide -
Name Code 

RH - 106 I 

CO - 60 F 

I-129 

PB - 214 N 

Ac-227 N 

BI - 214 N 

RA-226 N 

EU-154 I 

EU-155 I 

EU- 152 F 

Average 
Activity 
uCi/g 

3 . 6667E - 04 

0.0000E+00 

0.0000E+00 

0.0000E+00 

0.0000E+00 

1. 03798 - 04 

0 . 0000E+00 

0.0000E+00 

0.0000E+00 

0 . 0000E+00 

- - --- - - --- - - - Peak--- - ---- -- ----
Energy Activity Code MDA Value 

keV uCi/g uCi/g COMMENTS 

511.86 3.6678- 04 *( 2.6668- 05 l . 47E+0l G 
621.93 4.8088-05 - 3. 1 078- 05 4.84£+01 G 

1050.41 0.000E+00 \ 1.9198-04 2.65£+02 G 
616.22 0.000E+00 7 . 008E- 05 0 . 00E+00 G 
873.49 0.0008+00 \ 8.4348- 04 l.42E+02 G 

1128 . 07 0.000E+00 % 4 . 720E- 04 1 . 00E+03 G 

1332.49 0 . 000E+00 \ 
1173.23 0.000E+00 & 

39 . 58 0.000E+00 % 

351 . 93 0 . 0008+00 % 
295.22 0 . 000E+00 % 

77.11 0.000E+00 % 
241.99 0 . 000E+00 % 

74.82 0.0008+00 % 

147.61 0 . 000E+0O % 
160.49 0 . 000E+00 & 

2.263E- 06 l.00E+03 G 
6.311E- 06 l . 0OE+03 G 

0 . 000E+00 l.00E+03 G 

l . 898E - 05 l.00E+03 G 
2.817E - 05 l.00E+03 G 
8 . 3958-05 1 . 008+03 XA 
6 . 771E- 05 l . 00E+03 G 
2 . 113E-04 l . O0E+03 XA 

1.556E- 0l l . 0OE+03 G 
9 . 139E- 02 l.00E+03 G 

609.32 1.0388- 04 ( 8.201E- 06 l.49E+0l G 
1764.49 0.000E+00 % 1 . 0l0E-05 l.00E+03 G 
1120.29 3 . 490E-04 + 7.2778-05 1.688+01 G 
1238.12 6.947E-04 + l.778E-04 2.208+01 G 

768.36 0.000E+00 % 7 . 241E-05 l . 68E+02 G 

186.21 0.000E+00? 

123 . 07 0.000E+00 & 

1274.43 0 . 000E+0O % 
723.30 0.000E+00 t 

1004.76 0 . 000E+00 \ 
873.18 0 . 000E+00 t 
996 . 29 0.000E+00 & 

86.55 0.0008+00 t 
105.31 0 . 0008+00 \ 
45.30 0 . 000E+00 % 
60 . 01 0 . 000E+00 % 

121 . 78 0.0008+00 \ 
344.28 0.000E+00 & 

1408 . 01 0 . 00OE+00 \ 

- 2 -

0 . 000E+00 1.00E+03 GA 

9.731E- 06 l . 0OE+03 G 
3 . 103£- 06 l.00E+03 G 
2.2418 - 05 l.0OE+03 G 
3.444E - OS 1 . 00E+03 G 
2.4518 - 05 l.00E+03 G 
2.976E-05 l.O0E+03 G 

1.0438-05 1 . 00E+03 G 
1.1008- 05 1 . 00E+03 G 
2 . 556E-02 l.00E+03 G 
l . 182E-03 1 . 008+03 G 

1 . 8478- 05 1.008+03 G 
l . 507E-0S l . 00E+03 G 
2.277E- 05 l.0OE+03 G 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 108 of 365 

ORTEC g v - i (1215) Env32 G53W4 . 22 10 - JUN-2014 16 : 28:54 
RSSI Spectrum name : Gl40116 . Anl 

Sample description 
Gl40116 CTL , Cyl 5, Shallow End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40116 . Anl 
964 . 08 0 . O00E+OO % 2 . 905E - OS 1. 0OE+03 G 

1112.07 0.000E+0O \ l.373E-05 l.0OE+03 G 
778 . 90 0 . O00E+0O ,. 2.5548 - 05 1. 0OE+03 G 

CS-137 I 0.0000E+00 
661. 66 0 . 000E+00 % 2 . 453E - 06 1. 00E+03 G 

CS - 134 I O.0000E+0O 
604.72 0 . O00E+0O ,. 1.9568-06 l.0OE+03 G 
795.86 0 . 000E+00 \ S . 891E-06 l . 00B+03 G 
569.33 0 . 000E+00 \ 2 . 306E - 05 l.00E+03 G 

Th - 232 N 0.0OO0E+00 
63 . 81 0.000E+00 ,. 5 . 263E - 03 l.0OE+03 G 

140 . 88 0 . 000E+00 % l . 246E - 02 l.0OE+03 G 

AC - 228 N O. 0000E+00 
911.20 0 . O00E+00 % 2 . 094E - 05 l . 0OE+03 G 
968.97 0 . 000E+00 ,. 5 . 506E - 05 l.0OE+03 G 
338 . 32 0 . 000E+00 ,. 4 . 582E-05 l.0OE+03 G 
964 . 77 0 . 00OE+00 % 5.516E- 05 l . 0OE+03 G 
463 . 00 0 . O00E+00 % 1 . 009E - 04 l . 00E+03 G 

NP- 237 F 0 . 0O00E+0O 
86 . 48 0 . O00E+0O \ 2.588E-0S l . 0OE+03 G 
95.86 0 . O00E+0O \ 2 . 145E-04 l.0OE+03 XA 
92.28 0.O00E+0O & 3 . 998E- 04 l.OOE+03 XA 

108 . 42 0.O00E+0O & 7.978E - 04 l . 00E+03 XA 
94 . 64 0.OO0E+0O \ 5 . 645E- 04 l.OOE+03 G 

143 . 25 0 . OO0E+0O ,. 8 . 812E-04 1 . 008+03 G 
57 . 10 O.000E+0O \ 5 . 086E- 03 l.OOE+03 G 

151.41 0.O00E+00 \ 1. 9118- 03 l.O0E+03 G 

SB-125 I 0 . 0000E+0O 
427. 87 O.0O0E+00 & 1.868E-05 l.O0E+03 G 
600.60 0.0O0E+00 \ 2.791E - 05 1.008+03 G 
635.95 O.OO0E+00 \- l.778E- 05 1.008+03 G 
463.36 0.0O0E+00 \- 4.209E-05 1.00E+03 G 

PU-239 T 0 . 00O0E+O0 
51 . 62 0.O00E+00 \ 2.597E-01 l.OOE+03 G 

129.30 0.O00E+00 & 5.948E - 02 l . OOE+03 G 
98 . 43 0.000E+00 & l.072E-01 l . 00E+03 XA 
94 . 65 0.O00E+0O \ 9 . 641E-02 l.OOE+03 XA 

111. 30 O. O00E+0O \ 3.424E-01 l.OOE+03 XA 
375.05 0 . O00E+0O & 2.057E - 01 l.OOE+03 G 
413. 71 0.O00E+0O & 3.164E - 01 l.00E+03 G 

PU- 240 T 0 . 0OOOE+00 
45.24 0 . 0O0E+00 \ 7.945E-01 1 . 00E+03 G 

104.23 0.O00E+00 ,. 4 . 258E-02 l.00E+03 G 
160.31 O. 0O0E+00 & l . 139E+00 l.0OE+03 G 

PU- 238 T 9 . 3437E - 03 
43 . 50 0 . O00E+00 }( 0 . OO0E+OO 5 . 49E+0l G 
99.85 5 . 959E-02 } ( 4.887E-02 8.25E+0l G 

152.72 0 . 000E+00 l.657E- 02 0 . 00E+00 G 

U- 234 N 0 . 00008+00 
53.20 0 . 000E+00 & 4 . 290E - 02 l.O0E+03 G 

- 3 -



RPP-RPT-58254 

RSSI 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4.22 10-JUN-2014 16:28:54 
Spectrum name: Gl40116.Anl 

Sample description 
Gl40116 CTL, Cyl 5, Shallow End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40116 . Anl 

U- 238 N O.OOOOE+OO 

Pa- 231 N O. OOOOE+OO 

AM- 241 T O. OOOOE+OO 

U-235 N O. OOOOE+OO 

Th-229 I O.OOOOE+OO 

Am - 243 T 8.8437E-05 

Cm-243 F 0.0000E+OO 

Sn- 126 I 9 . 4231E-05 

K-40 N 2 . 3707E-03 

120.90 O.OOOE+OO \ 1 . 1178- 02 l.OOE+03 G 

113.50 0.000E+OO \ 
49.55 O.OOOE+OO \ 

283.69 O. OOOE+OO \ 
300 . 07 O.OOOE+OO % 
330 . 06 O.OOOE+OO \ 
302 . 65 O.OOOE+OO \ 

59 . 54 O. OOOE+OO % 

143 . 76 O.OOOE+OO \ 
163.33 O.OOOE+OO & 
185 . 71 O. OOOE+OO & 

205 . 31 O. OOOE+OO \ 

210.15 O.OOOE+OO \ 
193 . 51 O.OOOE+OO & 
156 . 41 O. OOOE+OO % 
136.99 O. OOOE+OO & 

86 . 40 O.OOOE+OO \ 
86 . 25 O. OOOE+OO % 

4.092E-02 l . OOE+03 G 
8 . 523E- 02 l.OOE+03 G 

2.244E- 04 l.OOB+03 G 
l.469E-04 l . OOB+03 G 
l . 151E- 04 l . OOE+03 G 
1.9168-04 l . OOE+03 G 

5 . 2748-05 l . OOE+03 G 

1.882~- 05 1 . 00E+03 G 
8.867E-05 l.OOE+03 G 
5 . 9908 - 06 1.008+03 G 
8 . 106E-05 l . OOB+03 G 

l . 258E - 04 l.OOE+03 G 
8 . 727E- 05 l . OOE+03 G 
3 . 578E-04 l . OOE+03 G 
3 . 424E-04 l.OOE+03 G 
l . 251E- 04 l . OOE+03 G 

2.464E-04 l . OOE+03 G 

74.66 8 . 844E-05 ?{ l , 473E-05 2 . 17E+Ol G 
43 . 53 O. OOOE+OO} O. OOOEtOO l . OOE+03 G 

277.60 O.OOOE+OO \ 
228.18 O.OOOE+OO & 

209.75 O.OOOE+OO \ 

1.5708- 05 l . OOE+03 G 

3.877E- 05 l.OOE+03 G 
1.0698-04 l.OOE+03 G 

87 . 57 4.690E- 05 ?( 1.8618-05 5 . 29E+Ol G 
86.94 O.OOOE+OO \ 6.7238-05 1.008+03 G 
64.28 2.767E - 04 &( 2.042E- 04 9 . 49B+Ol G 

1460.82 2 . 3718 - 03 4.1468-05 7.44E+OO G 
- This peak used in the nuclide activity average. 

* - Peak is too wide, but only one peak in library. 
- Peak is part of a multiplet and this area went 

negative during deconvolution. 
? - Peak is too narrow. 
@ - Peak is too wide at FW25M, but ok at FWHM. 
\ - Peak fails sensitivity test . 
$ - Peak identified, but first peak of this nuclide 

failed one or more qualification tests . 
+ - Peak activity higher than counting uncertainty range . 

Peak activity lower than counting uncertainty range. 
Peak outside analysis energy range. 

& - Calculated peak centroid is not close enough to the 
library energy centroid for positive identif i cation . 

- 4 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 10 - JUN-2014 16:28:54 

Spectrum name : Gl40116 . Anl 

Sample description 
Gl40116 CTL, Cyl 5, Shallow End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40116 . Anl 
P - Peakbackground subtraction 
} - Peak is too close to another for the activity 

to be found directly. 

Nuclide Codes : 
T - Thermal Neutron Activation 
F - Fast Neutron Activation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
C - Charged Particle Reaction 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Halflife limit exceeded 

Peak Codes: 
G Gamma Ray 
X - X-Ray 
P - Positron Decay 
S - Single-Escape 
D Double - Escape 
K - Key Line 
A Not in Average 
C - Coincidence Peak 

This section based on library: Hanford .Lib 

- 5 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4 . 22 10 - JUN - 2014 16:28 : 54 

Spectrum name : Gl 40116.Anl 

Sampl e descript i on 
Gl40116 CTL , Cyl 5 , Shallow End 

Spectrum Filename : H: \GammaVision\User\Spectra\Gl 40116 . Anl 
************UN IDEN TI F I E D 

Peak Centroid Background Net Area 
Channel Energy Counts Counts 

165.56 35 . 98 86 . 
730.25 159 . 12 162 . 
954.70 208 . 06 107 . 

s - Peak fails shape tests . 
D - Peak area deconvoluted. 

30 . 
26 . 
47 . 

L - Peak wri tten from unknown l ist . 
C - Area< Critical level . 

P E A K 
Intensity 
Cts/Sec 

0 . 004 
0.004 
0.007 

Thi s section based on l i brary : Hanford . Li b 

- 6 -

S U M M 
Uncert 

1 Sigma\ 

51.24 
75.18 
38.48 

ARY 
FWHM 
keV 

0 . 586 
0 . 472 
0 . 426 

111 of 365 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 10-JUN-2014 16:28:54 

Spectrum name: Gl40116 .Anl 

Sample description 
Gl40116 CTL, Cyl 5, Shallow End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40116.Anl 
Acquisition information 

Start time: 10 - Jun - 2014 14:24:45 
Live time: 
Real time: 
Dead time : 
Detector ID: 

Detector syste,n 
CLTCOMP MCB 9 

Calibration 
Filename: 

7200 
7203 

0 . 04 \ 
1 

Gl40116.Anl 
05 - 9 - 14 calbiration GEM - 10175 

Energy Calibration 
Created : 
zero offse t : 
Gain: 
Quadratic : 

Efficiency Calibration 
Created: 
Type : 
Uncertainty: 

10 - Jun - 2014 10 : 16 : 41 
- 0.121 keV 

0 . 218 keV/channel 
l.JOSE - 08 keV/channe 1·2 

08-May - 2014 19 : 30 : 22 
Polynomial 
0. 804 \ 

Coeffic i ents: -0.496291 - 5 . 469037 0.606430 

Li brary Files 
Main analysis library: 
Library Match Width : 
Peak stri pping: 

Analysis parameters 
Analysis engine : 
Start channel : 
Stop channel: 
Peak rejection level : 
Peak search sensitivity: 
Sample Size: 
Activity scaling factor: 

Detect i on limit method : 
Random error: 
systematic error: 
Fraction Limit: 
Background width: 
Half lives decay limit: 
Activity range factor: 
Min . step backg. energy 
Multiplet shift channel 

Corrections 
Decay correct to date: 
Decay during acquisition : 
Decay during collection: 

-0. 060110 0 . 001719 - 0.000022 

Hanford . Li b 
0.500 
Library based 

Env32 G53W4.22 
20 ( 4 . 24keV) 

8144 ( 1776.54keV) 
100 . 000\ 

3 
1.0000E• OO 
l.OOOOE•OO/( 1.0000E+OO• 
1.0000E+OO 
Tradit i onal ORTEC method 
1.0000000E+OO 
1.0000000E+OO 
0 . 000\ 

1.0000E+OO) a 

best method (based on spectrum) . 
12 . 000 

2 . 000 
0.000 
2.000 

Comments 

True coincidence correction: 

Status 
NO 
NO 
NO 
NO 
YES Peaked background correction: 

Absorption (Internal): 
Geometry correction: 
Random summing: 

NO 
NO 
NO 

GEM-10175 04_ 30_ 14.Pbc 
30 - Apr- 2014 11:30:36 

total peaks alloc . 29 cutoff 20 . 00 000 \ 
Energy Calibration 

Normalized diff: 0 . 1279 

- 7 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g V - i (1215) Env32 G53W4.22 09 - JUN- 2014 16 :38 : 58 

Spect rum name: Gl40113.Anl 

Sample descri ption 
Gl40113 CTL , Cyl 6, Deep End 

Spectrum 
• **** s 

Nuclide 

RH -106 
C0- 60 
PB - 214 
Ac - 227 
BI - 214 
EU- 154 
EU- 155 
EU -152 
CS - 137 
CS-134 
Th-232 
AC- 228 
NP-237 
SB-125 
PU - 239 
PU-24 0 
U- 234 
U- 238 
Pa - 231 
AM-241 
U- 235 
Th-229 
Am- 243 
Cm - 243 
Sn - 126 
K-40 

< 
< 
< 
< 
< 
< 

< 

< 

< 

< 

< 

< 
< 

< 

< 
< 

< 

< 
< 

< 
< 

< 
< 
< 
< 
< 

Filename: H: \GammaVision\User\Spectra\Gl40113 . Anl 
U M M A R Y O F N U C L I D E S I N S A M P L E 
Time of Count uncertainty 1 Sigma 

Activity Counting Total 
uCi/g 

4 . 56228-05 
2 .26308-06 
1 . 62458- 05 
l.7276E-01 
l. 0328E-05 
l.1681E- 05 
l . 8252E- 05 
1.3212E-05 
l. 9884E - 06 
4 . 5000E-06 
6.11858- 03 
l . 4274E-05 
4.52868-05 
9 . 90078 - 06 
3 . 39408- 01 
l . 1324E+OO 
3 . 72718-02 
3 . 96088 - 02 
2 .4 9808 - 04 
8 .54158- 05 
4 . 26928 - 05 
5 . 9612E-05 
1 . 6816E- 05 
2 . 7811E-05 
l.8308E-05 
8 . 1950E-05 

< - MDA value printed . 
A - Activi ty printed, but activity< MDA . 
B - Activity< MDA and failed test. 
C - Area< Critical level . 
F - Failed fraction or key line test . 
H - Halfl ife limit exceeded 

----------------------------- SUMMARY ----------------------------
Total Activity ( 4 . 2 to 1776 . 7 keV) O. OOOE+OO uCi/g 
This section based on library : Hanford .Li b 

- l -
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RPP-RPT-58254 10/30/2014 -12 :51 PM 114 of 365 

ORTEC g v - i (1 215) Env32 G53W4 . 22 09 - JUN- 2014 16:38:58 
RSSI Spectrum name : Gl40113 . Anl 

Sample descri ption 
Gl40113 CTL , Cyl 6, Deep End 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl40113.Anl 
••••• S U M M A R Y 0 F L I B R A R Y PE AK u s AGE ...... 
- Nuclide - Average -- ------ ----- Peak ---------- --- -
Name Code Activity Energy Activity Code MDA Value 

uCi/g keV uCi / g uCi/g COMMENTS 

RH - 106 I O.OOOOE+OO 
511. 86 O.OOOE+OO % 4.562E - 05 l . OOE+03 G 
621 . 93 O. OOOE+OO % l . 802E - 05 l . OOE+03 G 

1050 . 41 O.OOOE+OO % 1 . 707E-04 1 . 00E+03 G 
616.22 O.OOOE+OO % 3.504E - 04 1 . 00E+03 G ' 
873.49 0.000E+OO % 4 .321E - 04 l.OOE+03 G 

1128 . 07 O. OOOE+OO \ l. 458E - 03 l . OOE+03 G 

C0 - 60 F O. OOOOE+OO 
1332 . 49 O. OOOE+OO ' 2 . 263E - 06 l . OOE+03 G 
1173 . 23 O. OOOE+OO \ 4 . 968E- 06 1 . 008+03 G 

I- 129 O. OOOOE+OO 
39 . 58 O. OOOE+OO \ O. OOOE+ OO 1.008+03 G 

PB - 214 N O. OOOOE+OO 
351 . 93 O.OOOE+OO \ 1. 62 4E - 05 1.008+03 G 
295.22 O.OOOE+OO ' 2. 724E-05 1 . 008+03 G 

77 . 11 O.OOOE+OO % 6 . 807E- 05 1.008+03 XA 
241.99 O. OOOE+OO % 6 . 639E- 05 1 . 00E+03 G 

7 4.82 O. OOOE+OO % 2 . 136E - 04 1 . 008+03 XA 

Ac - 227 N O. OOOOE+OO 
147 . 61 O.OOOE+OO \ l .728E - 01 1.008 +03 G 
160 . 49 O. OOOE+OO & 9 . 139E - 02 1 . 008+03 G 

BI-214 N O. OOOOE+OO 
609 . 32 O.OOOB+OO l. 0338-05 O. OOB+OO G 

1 764 . 49 0 . 0008+00 1.0108- 05 0 . 00E+OO G 
1120. 29 O. OOOE+OO 3 . 5698-05 O. OOE+OO G 
1238 . 12 O.OOOE+OO l.389E - 04 0.008+00 G 

768 . 36 O. OOOB+OO 8 . 7048 - 05 0.008+ 00 G 

RA - 226 N O. OOOOE+OO 
186 . 21 0 . 0008+00 & 0 . 0008+00 l . OOE+03 GA 

EU - 154 I O. OOOOE+OO 
123 . 07 0.0008+00 & l . 168E - 05 l.OOE+03 G 

1274 . 43 O. OOOE+OO \ 7 . 949E - 06 l . OOE+03 G 
723. 30 0 . 0008+00 % l. 035E - 05 l . OOE+03 G 

1 004 . 76 0 . 0008+00 ' 2 . 653E - 05 1 . 008+03 G 
873 . 18 0 . 0008+00 & 3 . 0648 - 05 l.OOE+03 G 
996.29 0.0008+00 & 7 . 044E - 05 l . OOE+03 G 

EU- 155 I O.OOOOE+OO 
86.55 O. OOOE+OO & 1 . 8258 - 05 1.008+03 G 

105 . 31 O. OOOE+OO % 2.7848 - 05 l . OOE+03 G 
4S.30 O. OOOE+OO & 3 . 644E - 02 l.OOE+03 G 
60.01 0 . 0008+00 & 2 . 4448 - 03 1 . 00E+03 G 

EU -1 5 2 F 0 . 00008+00 
121. 78 O.OOOE+ OO \ l. 32 1E - 05 l.OOE+03 G 
344.28 O. OOOE +OO & 1. 3348 - 05 1.008+ 03 G 

14 08 . 01 O. OOO E+OO % l. 458E- 05 l. OOE+03 G 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 115 of 365 

ORTEC g v - i (1215) Env32 G53W4 . 22 09 - JUN- 2014 16:38:58 
RSSI Spectrum name : Gl40113 .Anl 

Sample description 
Gl40113 CTL , Cyl 6, Deep End 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl40113.Anl 
964 . 08 O. OOOE+OO & 3.020E- 05 l . OOE+03 G 

1112. 07 O. OOOE+OO ' 3.992E- 05 l.OOE+03 G 
778 . 90 O. OOOE+OO & 3.331E- 05 l.OOE+03 G 

CS - 137 I O. OOOOE+OO 
661 . 66 O.OOOE+OO % 1.988E-06 l.OOE+03 G 

CS-134 I O.OOOOE+OO 
604 . 72 O.OOOE+OO \ 4.500E- 06 l.OOE+03 G 
795 . 86 O.OOOE+OO % 6.329E- 06 l.OOE+03 G 
569 . 33 O. OOOE+OO \ 3 . 353E- 05 1 . 00E+03 G 

Th- 232 N O.OOOOE+OO 
63.81 O. OOOE+OO & 6 . 1188- 03 l . OOE+03 G 

140.88 O.OOOE+OO \- 1.2068-02 l.OOE+03 G 

AC -22 8 N O. OOOOE+OO 
911. 20 O.OOOE+OO ' l . 427E- 05 1.00E+03 G 
968 . 97 O.OOOE+OO \- 4.608E- 05 l.OOE+03 G 
338 . 32 O.OOOE+OO & 2.868E - 05 l.OOE+03 G 
964 .7 7 O. OOOE+OO \- 4 . 190E-05 1.00E+03 G 
463.00 O.OOOE+OO \- 9 . 314E- 05 l.OOE+03 G 

NP- 237 F O.OOOOE+OO 
86.48 0.0008+00 & 4.5298- 05 1.00E+03 G 
95.86 O.OOOE+OO \- 1. 652E-04 1.00E+03 XA 
92 . 28 0.0008+00 & 3.668E- 04 l.OOE+03 XA 

108.42 0.0008+00 \- 5.691E- 04 1.00E+03 XA 
94.64 0.000B+OO ' 6 . 957E-04 l.OOE+03 G 

143 . 25 O. OOOB+OO \- l.056E-03 1.00E+03 G 
57.10 O. OOOB+OO & 9.947E - 03 l.OOE+03 G 

151.41 0.0008+00 & l.8S2E- 03 1.00E+03 G 

SB- 125 I O. OOOOE+OO 
427.87 O. OOOE+OO ' 9.9018- 06 l.OOE+03 G 
600.60 O.OOOE+OO \ l . 782E-0S 1.00E+03 G 
635.95 O. OOOE+OO ' 3.6458- 0S l.OOE+03 G 
463 . 36 O. OOOE+OO ' 4.S41E - 05 l.OOE+03 G 

PU- 239 T O.OOOOE+OO 
51 . 62 O. OOOE+OO \ 3 . 3948- 01 l . OOE+03 G 

129.30 O.OOOE+OO \- 5.758E-02 1. OOE+03 G 
98.43 O.OOOE+OO \ 4.4018-02 1.008+03 XA 
94.6S O.OOOE+OO \- l.188E- 01 1.008+03 XA 

111 . 30 0 . 0008+00 & 4.l52E- Ol 1.008+03 XA 
375 . 05 O.OOOE+OO \ l. 903E-Ol 1.008+03 G 
413. 71 O.OOOE+OO \ 3.3818- 01 1.008+03 G 

PU - 240 T O.OOOOE+OO 
45 . 24 O. OOOE+OO & 1 .1328+00 1.00B+03 G 

104.23 0.000E+OO & 9.7378-02 l.OOB+03 G 
160.31 O.OOOE+OO \ 1 .114E+OO l.OOE+03 G 

PU- 238 T O.OOOOE+OO 
43.50 O.OOOE+OO \ O. OOOE+OO 1 . 008+03 G 
99 . 8S O.OOOB+OO \ 7 . 835E-02 l . OOE+03 G 

152 . 72 O.OOOB+OO % 2.0318- 01 1.00E+03 G 

U- 234 N O.OOOOE+OO 
53 . 20 0 . 000E+OO \ 3.7278- 02 l.OOE+03 G 

- 3 -



RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 09 - JUN-2014 16 : 38:58 

Spectrum name: Gl40113 . Anl 

Sample description 
Gl40113 CTL, Cyl 6, Deep End 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl40113 .Anl 
120.90 O.OOOE+OO \ 5 . 078E-03 l . OOE+03 G 

U- 238 N O.OOOOE+OO 

Pa - 231 N O.OOOOE+OO 

AM - 241 T O. OOOOE+OO 

U-235 N O. OOOOE+OO 

Th - 229 I O.OOOOE+OO 

Am-243 T O. OOOOE+OO 

Cm-243 F O. OOOOE+OO 

Sn- 126 I O.OOOOE+OO 

K- 40 N O.OOOOE+OO 

113.50 O.OOOE+OO \ 
49 . 55 0 . 0008+00 \ 

283.69 O. OOOE+OO \ 
300 . 07 O.OOOE+OO \ 
330 . 06 O.OOOE+OO \ 
302.65 O. OOOE+OO & 

59 . 54 O.OOOE+OO & 

143 . 76 O.OOOE+OO \ 
163 . 33 O.OOOE+OO & 

185.71 O. OOOE+OO \ 
205.31 O. OOOE+OO \ 

210 . 15 O.OOOE+OO \ 
193 . 51 O.OOOE+OO & 

156.41 O.OOOE+OO \ 
136 . 99 O. OOOE+OO \ 

86.40 O.OOOE+OO & 

86.25 O.OOOE+OO & 

74.66 O.OOOE+OO 
43.53 O.OOOE+OO 

277.60 O.OOOE+OO & 

228.18 O.OOOE+OO \ 
209.75 O.OOOE+OO \ 

87 . 57 O.OOOE+OO & 

86.94 O.OOOE+OO & 

64.28 O. OOOE+OO & 

1460.82 O.OOOE+OO 

3 . 9618 - 02 1 . 008+03 G 
8.1388-02 l.OOE+03 G 

2 . 4988-04 l.OOE+03 G 
2.0508 - 04 l . OOE+03 G 
2 . 0208-04 1.00E+03 G 
1 . 7288-04 1 . 00E+03 G 

8.5418 - 05 1 . 00E+03 G 

4 . 269E-05 l . OOE+03 G 
6 . 1218-05 1.00E+03 G 
7.7758-06 l.OOE+03 G 

3.3538-05 l.OOE+03 G 

5 . 961E - 05 1.008+03 G 
8 . 780E-05 1.00E+03 G 
3 . 3068-04 l.OOE+03 G 

3 . 682E-04 l.OOE+03 G 

2.1908-04 1.008+03 G 

6.426E - 04 l.OOE+03 G 

l.682E - 05 O.OOE+OO G 
0.0008+00 0 . 008+00 G 

2.7818-05 l.OOE+03 G 
3.4978-05 1.008+03 G 
5.1908-05 1 . 008+03 G 

l . 831E-05 1.008+03 G 
7.751E-05 1 . 008+03 G 
l.683E- 04 1 . 008+03 G 

8.1958-05 O. OOE+OO G 
- This peak used in the nuclide activity average. 

* - Peak is too wide, but only one peak in library . 
- Peak is part of a multiplet and this area went 

negative during deconvolution. 
? - Peak is too narrow . 
@ - Peak is too wide at FW25M, but ok at FWHM. 
\ - Peak fails sensitivity test. 
$ - Peak identified, but first peak of this nuclide 

failed one or more qualification tests . 
+ - Peak activity higher than counting uncertainty range. 
- - Peak activity lower than counting uncertainty range. 

Peak outside analysis energy range. 
& - Calculated peak centroid is not close enough to the 

library energy centroid for positive identification. 
P - Peakbackground subtraction 

- 4 -
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RPP-RPT-58254 10/30/2014 -12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 GS3W4 . 22 09 - JUN-2014 16:38:58 

Spectrum name : Gl40113.Anl 

Sample description 
G140113 CTL, Cyl 6, Deep End 

Spectrum Filename: H: \GammaVision\User\Spectra\G140113 .Anl 
} - Peak is too close to another for the activity 

to be found directly. 

Nuclide Codes: Peak Codes: 
T - Thermal Neutron Activation G - Gamma Ray 
F - Fast Neutron Activation X - X-Ray 
I - Fission Product p - Positron Decay 
N - Naturally Occurring Isotope s - Single-Escape 
p - Photon Reaction D - Double-Escape 
C - Charged Particle Reaction K - Key Line 
M - No MDA Calculation A - Not in Average 
R - Coincidence Corrected C - Coincidence Peak 
H - Half life limit exceeded 

This section based on library: Hanford . Lib 

- 5 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 09 - JUN- 2014 16:38:58 

Spectrum name : Gl40113.Anl 

Sample description 
Gl40113 CTL, cyl 6, Deep End 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl40113.Anl 
************UN IDEN TI F I E D 

Peak Centroid Background Net Area 
Channel Energy Counts Counts 

345 . 10 75.14 266 . 148. 
1355 . 09 295 . 43 130 . 
2048.89 446 . 76 42 . 
2796.75 609 . 91 14. 

s - Peak fails shape tests . 
D - Peak area deconvoluted . 

68 . 
43 . 
80. 

L - Peak written from unknown list. 
C - Area< Critical level. 
M - Peak i s close to a library peak. 

PE AK 
Intensity 
Cts/Sec 

0 . 020 
0 . 009 
0.006 
0 . 011 

Thi s section based on library: Hanford.Lib 

- 6 -

SUM M 
Uncert 

1 Sigma \-

21.35 
31.47 
37 .11 
14 . 95 

ARY 
FWHM 
keV 

0.604 
0 . 584 
0 . 465 
0 . 584 

118 of 365 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 09 - JUN-2014 16:38 : 58 

Spectrum name: Gl40113 . Anl 

Sample description 
Gl40113 CTL, Cyl 6, Deep End 

Spectrum Filename: H: \GammaVis i on\User\Spectra\Gl40113 . Anl 
Acquisition information 

Start time: 09-Jun- 2014 14 : 21:25 
Live time: 
Real time: 
Dead time: 
Detector ID : 

Detector system 
CLTCOMP MCB 9 

Cal i bration 
Filename: 

7200 
7202 

0.03 \ 
1 

Gl40113.Anl 
05 - 9 - 14 calibration GEM - 10175 

Energy Calibration 
Created: 
Zero offset: 
Gain: 
Quadratic: 

Efficiency Calibration 
Created : 
Type: 
Uncertainty: 

09 - Jun- 2014 10:14 : 03 
-0 . 124 keV 

0.218 keV/channel 
l.072E-08 keV/channelA2 

08-May- 2014 19:30:22 
Polynomial 
0.804 \ 

Coefficients : - 0 .4 96291 -5. 469037 
- 0 . 060110 0 . 001719 

0 . 606430 
- 0 . 000022 

Library Files 
Main analysis library : 
Library Match Width: 
Peak stripping : 

Analysis parameters 
Analysis engine : 
Start channel: 
Stop channel: 
Peak rejection level: 
Peak search sensitivity: 
sample Size: 
Activity scaling factor: 

Detection limit method: 
Random error: 
Systematic error: 
Fraction Limit : 
Background width : 
Half lives decay limit: 
Activity range factor: 
Min. step backg. energy 
Multiplet shift channel 

Corrections 
Decay correct to date: 
Decay during acquisition: 
Decay during collection: 

Hanford . Lib 
0.500 
Library based 

Env32 G53W4 . 22 
20 ( 4.24keV) 

8144 ( 1776 . 71keV) 
100.000\ 

3 
l.OOOOE+OO 
1.0000E+OO/( l.OOOOE+OO* 
l.OOOOE+OO 
Traditional ORTEC method 
1.0000000E+OO 
l.OOOOOOOE+OO 
0.000\ 

l . OOOOE+OO) 

best method (based on spectrum) . 
12.000 
2.000 
0.000 
2.000 

Comments 

True coincidence correction: 

Status 
NO 
NO 
NO 
NO 
YES Peaked background correct i on: 

Absorption (Internal): 
Geometry correction : 

NO 
NO 

- 7 -

GEM -10175 04_ 30_14.Pbc 
30 -Apr-2014 11:30:36 
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RPP-RPT-58254 

RSSI 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4.22 09-JUN-2014 16:38:58 
Spectrum name: Gl40113.Anl 

Sample description 
Gl40113 CTL, Cyl 6, Deep End 

Spectrum Filename: H: \GammaVision\User\Spectra\G140113.Anl 
Random summing: NO · 

total peaks alloc. 18 cutoff 20 . 00000 % 
Energy Calibration 

Normalized diff: 0.4963 

- 8 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4 . 22 10-JUN-2014 14:12:46 

Spectrum name: Gl40115.Anl 

Sample description 
Gl40115 CTL, Cyl 7, Deep End 

Spectrum Filename : H: \GammaVision\User\Spectra\Gl40115.Anl 
***** SUMMARY OF NUCLIDE S IN SAMPLE 

Time of Count 
Nuclide Acti vity 

Uncertainty 
Counting 

1 Sigma 
Total 

uCi/g 

RH - 106 < 4 . 6335E-05 
C0-60 < 2 . 2630E-06 
PB - 214 < 1. 7747E- 05 
Ac - 227 < l.7592E- Ol 
BI-214 l.6604E-04 l.243E+OH l.264E+OH 
BU-154 < l . 1243E-05 
BU - 155 < l.2977E-05 
EU - 152 < l . 6293E - 05 
CS - 137 < 2.2351E-06 
CS-134 < 5 . 5022E-06 
Th-232 < 5 . 4947E-03 
AC - 228 < 3 . 4569E-05 
NP-237 < 3 . 2198E-05 
SB-125 < 6.60418-06 
PU - 239 < 2 . 01138-01 
PU-240 < 5.2214E- 01 
U- 234 < 4 . 4731E-02 
U- 238 < 5.42068-02 
Pa-231 < 2 . 60808-04 
AM - 241 < 9.2328E- 05 
U- 235 < 4 . 75148-05 
Th-229 < l.3840E-04 
Am - 243 7.56848-05 2 . 725E+OH 2.751E+OH 
Cm-243 < 2.512SE- OS 
Sn-126 < 2.0lSlE-05 
K- 40 2.45858- 03 6 . 901E+OO\ 7 . 695E+OO\ 

< - MDA value printed. 
A - Activity printed, but activity< MDA. 
B - Activity< MDA and failed test. 
C - Area< Critical level. 
F - Failed fraction or key line test . 
H - Halflife limit exceeded 

***** 

------ --- -------------- - - - --- SUMMARY ----------------------------
Total Activity ( 4.2 to 1776.5 keV) 2 . 700E-03 uCi/g 
This section based on library: Hanford . Lib 

- 1 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 122 of 365 

ORTEC g v - i (1215) Bnv32 G53W4 . 22 10 - JUN - 2014 14:12 :4 6 
RSSI Spectrum name : Gl40115 . Anl 

Sample description 
Gl40115 CTL, Cyl 7, Deep End 

Spectrum Filename: H: \GammaVision\User\Spectra\Gl40115.Anl 

***** SUMMARY 0 F L I B R A R Y PE A K us AGE ...... 
- Nuclide - Average ------------- Peak ----- ------ -- -
Name Code Activity Energy Activity Code MDA Value 

uCi/g keV uCi/g uCi/g COMMENTS 

RH - 106 I O. 0OO0E+0O 
511. 86 0 . O0OE+0O \ 4.633E-05 l.0OE+03 G 
621.93 0.000B+0O \ 4 . 482E-05 l. 0OE+03 G 

1050 . 41 0 . 000E+0O \ 1. 138E-04 l . 0OE+03 G 
616.22 0.O00E+0O \ 3.802E-04 l . 0OE+03 G 
873.49 0.000E+0O & l.256E - 03 l . 0OE+03 G 

1128. 07 0.000E+0O \ 8.736E - 04 l . 0OE+03 G 

CO - 60 F O. 0O00E+00 
1332.49 0.OO0E+00 \ 2.263E - 06 l . 0OE+03 G 

1173.23 0 . OO0E+0O \- l.987E-06 l . 0OE+03 G 

I - 129 0 . 0O00E+00 
39 . 58 O.OO0E+00 \ 0 . 0O0E+OO l.00E+03 G 

PB - 214 N 0.0O00E+00 
351.93 0.000E+0O " 1. 775E-05 l. 00E+03 G 
295 . 22 0.000E+0O \ 2 . 758E-05 l.00E+03 G 

77 . 11 0.000E+0O \ 9 . 801E-05 l . 0OE+03 XA 
241 . 99 0.00OE+0O \ 6.936E- 05 l . 00E+03 G 

74.82 0.O0OE+0O \- 2.161E- 04 l.00E+03 XA 

Ac - 227 N 0 . 000OE+O0 
147 . 61 0 . OO0E+OO & l.759E-01 l . 00E+03 G 
160 . 49 0 . OOOE+00 \ 1. 059E-01 l.00E+03 G 

BI-214 N 1.6604E-04 
609.32 1.6578- 04 ( 9 . 440E-06 1 . 24E+0l G 

1764.49 O.OO0E+00 " l.Ol0E-05 1 . 00B+03 G 
1120 . 29 l .671E-04 ( 2 . 978E - 05 3 . 238+01 G 

1238.12 3.3548- 04 & 1.312E- 04 3.058+01 G 
768.36 0.0O0E+00 & 7.762E-05 2.48E+02 G 

RA-226 N O. 000OE+00 
186.21 0.O00E+O0 0.OO0E+0O O. 00E+00 GA 

EU-154 I 0 . 0000E+00 
123 . 07 0.O0OE+0O & l.124E-05 l.O0E+03 G 

1274.43 0.OOOE+00 \- 7.949E-06 l.00E+03 G 
723 . 30 0.OOOE+O0 \ 2.372E- 05 l.00E+03 G 

1004.76 0.OOOE+00 \ 2.653E-05 l.0OE+03 G 
873.18 0 . 0008+00 & 4.5638-05 1.008+03 G 
996 . 29 0 . 0OOE+0O " 4 . 824E-05 1.008+03 G 

EU - 155 I 0 . 00008+00 
86.55 0.00OE+O0 \ l.298E- 05 l.00E+03 G 

105 . 31 0 . 000E+O0 \ l . 796E- 05 l.00E+03 G 
45.30 0 . 00OE+O0 " 1.680B-02 l.O0E+03 G 
60.01 0.00OE+00 \ 2.590E-03 l.00E+03 G 

EU -152 F 0 . 000OE+00 
121.78 0.0O0E+0O " l.li298-05 l.00E+03 G 
344.28 0 . 0O0E+00 & 1.414E-05 l.00E+03 G 

14 08 . 01 0.00OE+O0 \ 1.1388-05 1. 008+03 G 

- 2 -



RPP-RPT-58254 10/30/2014 - 12:51 PM 123 of 365 

ORTEC g v - i (1215) Env32 G53W4 .22 10-JUN-2014 14 :12 :46 
RSSI Spectrum name: Gl4 0115 . Anl 

Samp le descript ion 
G140115 CTL, Cyl 7, Deep End 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl40115.Anl 
964 . 08 0 . 0008+00 \ l.426E- 05 l.00E+03 G 

1112 . 07 0.000E+00 \ l . 759E-05 l.00E+03 G 
778.90 0 . 0008+00 \ 1.5328- 05 l.00E+03 G 

CS-137 I 0 . 0000E+00 
661 . 66 0.000E+00 \ 2 . 2358-06 l.00E+03 G 

CS - 134 I 0 . 0000E +00 
604.72 0 . 000E+00 .. 5.502E-06 l.00E+03 G 
795 . 86 0 . 0008+00 \ 8 . 3958-06 l.00E+03 G 
569 . 33 0 . 0008+00 \ 2 . 1628-05 l.00E+03 G 

Th- 232 N 0.00008+00 
63 . 81 0 . 000E+0O .. 5 . 4958-03 1 . 00E+03 G 

140 . 88 0 . 0008+00 \ l.417E-02 1.00E+03 G 

AC- 228 N 0.00008+00 
911. 20 0 . 000B+00 \ 3.4578- 05 1.00E+03 G 
968.97 0 . 0008+00 .. 2 .814E-05 1.00E+03 G 
338 . 32 0 . 0008+00 \ 4.872E-05 l. 00E+03 G 
964 .7 7 0 .00 0E+00 \ 1.5838-04 l . 00E+03 G 
463.00 0 . 000B+00 & 1.163E- 04 1.008+03 G 

NP - 237 F 0 . 0O00E+00 
86 . 48 0 . 0008+00 \ 3 . 220E- 05 l . 00E+03 G 
95.86 0 . 000E+00 \ 1.4568- 04 1.008+03 XA 
92.28 0.000E+00 & 3.6798- 04 l . 00E+03 XA 

1 08 . 42 O. 000E+00 .. 6.902E- 04 1. 008+03 XA 
94 . 64 0 . 000E+00 .. 8.226E- 04 1 . 00E+03 G 

143 . 25 0 . 000E+00 & 9.647E-04 l. 00E+03 G 
57.10 0 . 0008+00 & 1 . 218E- 02 l. 00E+03 G 

151.41 0 . 0008+00 .. l. 703E- 03 l.00E+03 G 

SB-12 5 I 0 . 0000E+00 
427. 87 0 . 0008+00 .. 6 . 604E- 06 l.00E+03 G 
600.60 0.0008+00 & 2.147E- 05 1.008+03 G 
635 . 95 0 . 0008+00 .. 4.1508- 05 1. 0OE+03 G 
463.36 0.000B+00 & 4 . 8498-05 1. 0OE+03 G 

PU-239 T 0.0000E+00 
51.62 0 . 0008+00 .. 2 . 0llE - 01 l.00E+03 G 

129 . 30 0 . 0008+00 .. 5 . 6838 - 02 l.00E+03 G 
98 . 43 0 . 000E+0O .. 4.284E-02 l.00E+03 XA 
94.65 0 . 000E+0O .. 1.4058-01 l.00E+03 XA 

111.30 0 . 000E+0O .. 1.9048-01 l.00E+03 XA 
375 . 05 0 . 000E+0O & 1.8798-01 l.O0E+03 G 
413 .7 1 0 . 000E+0O & 2 . 464E - 01 l.00E+03 G 

PU- 240 T 0 . 0O00E+00 
45.24 0.000E+0O \ 5.221E-01 l.00E+03 G 

104.23 0 . 000E+0O & 7.067E-02 1.008+03 G 
160.31 0 . 000E +00 .. 9 . 745E- 0l l.008+03 G 

PU- 238 T 0.0000E+00 
43 . 50 0 . 000E+00 \ 0 . 000E+00 1 . 008+03 G 
99 . 85 0.000E+00 & 7 . 1658-02 l.008+03 G 

152. 72 0 . 000E+00 & 4 . 282E- 0l 1 . 008+03 G 

U-234 N 0 . 0000E+00 
53 . 20 0 . 000E+00 \ 4.4738 - 02 l . 00E+03 G 

- 3 -



RPP-RPT-58254 

RSSI 

10/30/2014 -12:51 PM 

ORTEC g v - i (1215) Env32 G53W4 . 22 10 - JtJN - 2014 14:12 : 46 
Spectrum name : Gl40115 . Anl 

Sample description 
Gl40115 CTL, Cyl 7, Deep End 

Spectrum Filename: H: \GammaVision\User\Spectra\Gl40115.Anl 
120.90 0.000B+00 \ 5 . lllE- 03 l.00B+03 G 

U- 238 N 0.0000E+00 

Pa-231 N 0 . 0000E+00 

AM-241 T 0.0000E+00 

U- 235 N 0 . 0000E+00 

Th-229 I 0 . 0000E+00 

Am- 243 T 7 . 5684E-05 

Cm-243 F 0 . 0000E+00 

Sn-126 I 0.0000E+00 

K-40 N 2 . 45858-03 

113.50 0.000E+00 & 

49.55 0 . 000E+00 \ 

283 . 69 0.000E+00 \ 
300 . 07 0 . 000B+00 & 
330 . 06 0 . 000E+00 \ 
302 . 65 0 . 000E+00 \ 

59.54 0 . 000E+00 \ 

143.76 0.000E+00 & 

163.33 0.000E+00 \ 
185 . 71 0.000E+00 \ 
205 . 31 0 . 000E+00 \ 

210.15 0.000E+00 & 

193.51 0 . 000E+00 & 

156.41 0.000E+00 \ 
136.99 0 . 000E+00 \ 

86.40 0.000E+00 \ 
86.25 0.000E+00 \ 

74.66 7 . 568E-05 ( 
43.53 0.00OE+O0 \ 

277.60 0.000E+00 & 

228.18 0.000E+00 \ 
209.75 0.000E+00 \ 

87.57 0 . 000E+O0 \ 
86 . 94 0.000E+00 & 
64.28 0.O00E+00 \ 

1460 . 82 2 . 458E-03 

5 .421E-02 l.00E+03 G 
l . 464E-0l l.00E+03 G 

2 . 608E-04 l.00B+03 G 
l.851E-04 l . 00E+03 G 
l . 151E-04 1 . 008+03 G 

l.752E-04 1 . 00E+03 G 

9 . 233E-05 l.00E+03 G 

4 . 751E-05 1.008+03 G 

4 . 769E- 05 1.008+03 G 
7.895E-06 l.00E+03 G 

6 . 812E-05 l.00E+03 G 

l.384E-04 1 . 008+03 G 

9.894E-05 l.00E+03 G 
3 . 746E-04 1.008+03 G 
3 . 303E - 04 1.008+03 G 
l.557E-04 l.00E+03 G 

2.599E-04 l . 00E+03 G 

l.577E-05 2.738+01 G 
0.000E+00 l.79E+02 G 

2.512E-05 l.00E+03 G 

4 .2 06E- 05 l.00E+03 G 
l . 374E- 04 l.00E+03 G 

2 . 0lSE - 05 l.00E+03 G 

8.532E - 05 l.00E+03 G 
l.448E-04 l.00E+03 G 

l.171E-05 6.90E+00 G 
- This peak used in the nuclide activity average . 

• - Peak is too wide, but only one peak in library. 
- Peak is part of a multiplet and this area went 

negative during deconvolution . 
? - Peak is too narrow. 
@ - Peak is too wide at FW25M, but ok at FWHM . 
\ - Peak fails sensitivity test. 
$ - Peak identified, but first peak of this nuclide 

failed one or more qualification tests . 
+ - Peak activity higher than counting uncertainty range. 

Peak activity lower than counting uncertainty range . 
- Peak outside analysis energy range . 

& - Calculated peak centroid is not close enough to the 
library energy centroid for positive identification . 

- 4 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 GS3W4.22 10-JUN-2014 14:12 : 46 

Spectrum name : Gl40115 .Anl 

Sample description 
Gl40115 CTL, Cyl 7, Deep End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40115.Anl 
P - Peakbackground subtraction 
) - Peak is too close to another for the activity 

to be found directly. 

Nuclide Codes: 
T - Thermal Neutron Activation 
F - Fast Neutron Activation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
c - Charged Particle Reaction 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Halflife limit exceeded 

Peak Codes: 
G - Gamma Ray 
X - X-Ray 
P - Positron Decay 
S - Single - Escape 
D - Double-Escape 
K - Key Line 
A - Not in Average 
C - Coincidence Peak 

This section based on library: Hanford .Lib 

- 5 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4 . 22 10 - JUN-2014 14 : 12:46 

Spectrum name: Gl40115.Anl 

Sample description 
Gl40115 CTL, Cyl 7, Deep End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40115.Anl 
************UN IDEN TI P I B D 

Peak Centroid Background Net Area 
Channel Energy Counts Counts 

167.09 36.31 148. 134 . 
454.23 98.93 139. 30. 

1094.62 238 . 58 234. 110. 
1615.34 352 . 14 102. 116. 

s - Peak fails shape tests . 
D - Peale area deconvoluted . 
L - Peak written from unknown list. 
c - Area< Critical level . 
M - Peale is close to a library peak . 

PE AK 
Intensity 
Cts/Sec 

0.019 
0.004 
0.015 
0.016 

This section based on library: Hanford.Lib 

- 6-

SUM M 
Uncert 

1 Sigma\ 

19.09 
58.50 
25.15 
20. 71 

ARY 
FWHM 
keV 

0 . 780 
0 . 258 
0.606 
0.695 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Bnv32 G53W4 . 22 10 - JUN - 2014 14 : 12 : 46 

Spectrum name: Gl40115.Anl 

Sample description 
Gl40115 CTL , Cyl 7, Deep End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40115 . Anl 
Acquisition information 

Start time : 10-Jun- 2014 10 : 20:08 
Live time: 7200 
Real time: 
Dead time: 
Detector ID : 

Detector system 
CLTCOMP MCB 9 

Calibration 
Filename: 

7203 
0 . 04 \-

1 

Gl40115 . Anl 
05 - 9 - 14 calbiration GEM - 10175 

Energy Calibration 
Created: 
zero offset: 
Gain: 
Quadratic: 

Efficiency Calibration 
Created: 
Type : 
Uncertainty: 

10 - Jun - 2014 10:16 : 41 
- 0.121 keV 
0.218 keV/channel 
l.305E-08 keV/channel~2 

08 - May - 2014 19 : 30 : 22 
Polynomial 
0 . 804 \-

Coefficients : - 0 . 496291 - 5 . 469037 0.606430 

Library Files 
Main analysis library : 
Library Match Width : 
Peak stripping: 

Analysis parameters 
Analysis engine: 
Start channel: 
Stop channel: 
Peak rejection level : 
Peak search sensitivity: 
Sample Size: 
Activity scaling factor: 

Detection limit method : 
Random error: 
Systematic error: 
Fraction Limit: 
Background width : 
Half lives decay limit: 
Activity range factor: 
Min. step backg. energy 
Multiplet shift channel 

Corrections 
Decay correct to date: 
Decay during acquisition : 
Decay during collection: 

- 0. 060110 0 . 001719 -0.000022 

Hanford . Lib 
0 . 500 
Library based 

Env32 G53W4 . 22 
20 { 4.24keV ) 

8144 ( 1776.54keV) 
100.000\-

3 
l . OOOOE+OO 
l.OOOOE+OO/( l . OOOOE+OO* 
l.OOOOE+OO 
Traditional ORTEC method 
l . OOOOOOOE+OO 
l . OOOOOOOB+OO 
0 . 000\-

l.OOOOE+OO) 

best method (based on spectrum). 
1 2.000 

2 . 000 
0.000 
2 . 000 

Comments 

True coincidence correction: 

Status 
NO 
NO 
NO 
NO 
YES Peaked background correction : 

Absorption (Internal) : 
Geometry correction : 

NO 
NO 

- 7 -

GEM- 10175 04_ 30_ 14 . Pbc 
30 -Apr - 2014 11:30 : 36 
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RPP-RPT-58254 

RSSI 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4 . 22 10 - JUN - 2014 14:12 : 46 
Spectrum name : Gl40115 .Anl 

Samp l e description 
Gl 40115 CTL , cyl 7, Deep End 

Spectrum Filename : H: \GammaVision\User\Spectra\Gl40115 .Anl 
Random summi ng: NO 

total peaks all oc . 21 cutoff 20 . 00000 \ 
Energy Cal ibr ation 

Normalized diff: 0 . 2982 

- 8 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Bnv32 G53W4.22 12-JUN- 2014 15 : 42:37 

Spectrum name: G140123 .Anl 

Sample description 
Gl40123 CTL, Cyl 8, Shallow End 

Spectrum Filename: H: \ GammaVision\User\Spectra\Gl40123 . Anl 
***** SUMMARY OF NUCLIDE S IN SAMPLE 

Time of Count Uncertainty 1 Sigma 
Nuclide Act i vity Counting Total 

RH - 106 < 
C0 - 60 < 
PB - 214 
Ac - 227 < 
BI - 214 
EU-154 < 
EU - 155 < 
8U-152 < 
CS -137 
CS -134 < 
Th- 232 < 
AC - 228 
NP - 237 < 
SB-125 < 
PU - 239 < 
PU - 240 < 
PU - 238 < 
U- 234 < 
U- 238 < 
Pa - 231 < 
AM - 241 < 
U- 235 # 
Th- 229 < 
Am - 243 # 
Crn - 243 < 
Sn - 126 < 
K- 40 

uCi/g 

2.878 - 05 
8.968 - 06 
2 . 008- 04 
2 . 038- 01 
2 . 298 - 04 
1.438-05 
4 . 148- 05 
1.888-05 
1. 89E- 04 
4.748 - 06 
8.268- 03 
2.638-04 
1.038-04 
1.46E-05 
1.35E- 01 
8 . 268- 01 
2.80E+Ol 
6 . 26E - 02 
5 . 27E- 02 
2 .3 9E - 04 
1. 06E - 04 
2 .7 5E - 04 
1.588-04 
2 . 238 - 04 
3.828-05 
1. 848 - 05 
3.31E-03 

1 . 26E+Ol\ 

1.388+01\ 

8 . 60E+OO\-

l.69E+Ol\ 

2.168+01\-

2.13E+Ol\-

S . 87E+OO\-

l . 28E+OH 

1.4 0E+O H 

8 . 87E+00 \-

1. 71E+OH 

2 .1 8E+Ol\ 

2 . 16E+Ol\ 

6 .2 8E+OO\-

# - All peaks for activity calculation had bad shape. 
• - Activity omitted from total 
& - Activity omitted from total and all peaks had bad shape. 
< - MDA value pri nted . 
A - Activity printed, but activity< MDA . 
B - Activity< MDA and failed test. 
C - Area< Critical level . 
F - Failed fraction or key line test. 
H - Halflife limit exceeded 

...... 

----------------------------- SUMMARY --------- --- ----------------
Total Activity ( 968 . 9 to 1897.5 keV) 4.69E - 03 uCi/g 
This section based on library: Hanford.Lib 

- I -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (121 5) Bnv32 G53W4.22 12-JUN-2014 15:42:37 

Spectrum name: Gl40123 . Anl 

Sample description 
Gl40123 CTL, Cyl 8 , Shallow End 

Spectrum Filename: H:\Gammav ision\User\Spectra\Gl40123.Anl 
***** SUMMARY OF LIBRARY PE AK U S A G E 
- Nuclide -
Name Code 

------------- Peak --------------
Energy Activity Code MDA Value 

***** 
Average 
Activity 
uCi/g keV uCi/g uCi/g COMMENTS 

PB-214 N 2 . 00E-04 
351.93 
295 . 22 

2.02E- 04 (P l.63E- 05 l . 17E+Ol G 
l . 96E- 04 &(P 3 . 02E - 05 l.97E+Ol G 

2 of 5 peaks found 

BI - 214 N 2.29E-04 
609 . 32 2 . 29E- 04 * (P l. 86E- 05 l.OOE+Ol G 

1238.12 7.4 18- 04 & p 2 . 04E - 04 l. 66E+Ol G 
768 . 36 4 . 178- 04 + p l. 59E- 04 3 . 69E+Ol G 

3 of 5 peaks found 

CS - 137 I l.89E - 04 
6 61. 66 l.89E-04 7 . 70E - 06 8 . 60E+OO G 

l of l peaks found 

AC - 228 N 2 . 63E - 04 
911. 20 2 . llE- 04 (P 3 .2 2E - 05 l . 57E+Ol G 
968 . 97 3 . 47E - 04 @(P 5 . 0lE- 05 l. 67E+Ol G 
33 8 . 32 1.268-04 - p 5 . 04E - 05 3.58E+Ol G 

3 of 5 peaks found 

U-235 N 2.758 - 04 
143 . 76 2.36E- 04 &( 5.llE- 05 3.SlE+Ol G 
1 85 . 71 l . 57E - 05 - 8 . 46E - 06 6 .12E+Ol G 
205.31 3.61E-04 &( 7 . 02E - 05 2.54E+Ol G 

3 of 4 peaks found 

Am-243 T 2 . 23E -04 
74 . 66 2 . 238-04 * ( 2 . 86E - 05 2 . 138+01 G 

l of 2 peaks found 

K- 40 N 3.31E-03 
1460.82 3 . 31E- 03 (P 1.568- 04 

1 of 1 peaks found 

- This peak used in the nuclide activity average. 
* - Peak is too wide , but only one peak in library. 

- Peak is part of a multiplet and this area went 
negative during deconvolution. 

? - Peak is too narrow. 
® - Peak i s too wide at FW25M, but ok at FWHM. 
\ - Peak fails sensitivity test. 
$ - Peak identified, but first peak of this nuclide 

failed one or more qualification tests . 

3 . 818+00 G 

+ - Peak activity higher than counting uncertainty range. 
- - Peak activity lower than counting uncertainty range. 

Peak outside analysis energy range. 
& - Calculated peak centroid is not close enough to the 

library energy centroid for positive identification. 
P - Peakbackground subtraction 
) - Peak is too close to another for the activity 

to be found directly . 

Nuclide Codes : Peak Codes: 
T - Thermal Neutron Activat i on G - Gamma Ray 

- 2 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rss i 
ORTBC g v - i (1215) Env32 G53W4.22 12 - JUN-2014 15 : 42 ; 37 

Spectrum name : 0140123 . Anl 

Sample description 
0140123 CTL, Cyl 8, Shallow End 

Spect rum Filename : H:\GammaVision\User\Spectra\0140123 . Anl 
F Fast Neutron ~ctivation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
c - Charged Particle Reaction 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Halflife limit exceeded 

X -
p 

s 
D 
K -
A 
C -

X-Ray 
Positron Decay 
Single-Escape 
Double-Escape 
Key Line 
Not in Average 
Coincidence Peak 

This section based on library: Hanford.Lib 

- 3 -
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RPP-RPT-58254 

rssi 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4 . 22 12 -JUN-2014 15 : 42: 37 
Spectrum name : Gl40123 . Anl 

Sample de s cription 
Gl40123 CTL, Cyl 8, Shal low End 

Spectrum Filename : H:\GamrnaVision\User\Spectra\Gl40123 . Anl 
••••••••••••UN IDE N TI F I E D P E A K s UMMARY 

Peak Centroid Background Net Area 
Channel Energy Counts 

160 . 04 35 . 07 443 . 
1030 . 24 237.89 842 . 
4811 . 02 1119. 60 238 . 
5230.43 1217.46 51. 

s - Peak fails shape tests . 
D - Peak area deconvoluted. 

Counts 

279 . 
390 . 

57 . 
51. 

L - Peak written from unknown list. 
C - Area< Critical level. 
M - Peak is close to a library peak . 

Intensity 
Cts/Sec 

0 . 039 
0.054 
0.008 
0.007 

This sect i on based on library: Hanford.Lib 

- 4 -

Uncert FWHM 
1 Sigma\ keV 

14.16 0 . 317 
15.92 1.117 
40.45 2.172 
33 . 62 0.604 

132 of 365 
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Nuclide 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

rssi 
ORTEC g v - i (1215) Env32 G53W4.22 12 - JUN - 2014 15:42:37 

Spectrum name: Gl40123.Anl 

Sample description 
Gl40123 CTL, Cyl 8, Shallow End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40123.Anl 
Acquisition information 

Start time: · 
Live time: 
Real time: 
Dead time: 
Detector IO: 

Detector system 
BACKROOM MCB 9 

Calibration 
Filename : 

Energy Calibration 
Created: 
zero offset: 
Gain: 
Quadratic: 

Efficiency Calibration 
Created: 
Type : 
uncertainty: 

12 - Jun - 2014 12 : 09:33 
7200 
7205 

0 . 07 \ 
3 

Gl40123 . Anl 

11-Jun- 2014 09 : 53 : 36 
- 2. 233 keV 
0.233 keV/channel 
2.748E- 08 keV/channelA2 

10- Jun - 2014 11:47 : 05 
Polynomial 
2 . 601 \ 

Coefficients: - 0 . 410214 - 4.897318 0.558289 
- 0 . 056027 0.001413 - 0 . 000011 

Library Files 
Main analysis library: 
Library Match Width: 
Peak strippi ng : 

Analysis parameters 
Analysis engine: 
Start channel: 
Stop channel : 
Peak rejection level: 
Peak search sensitivity: 
Sample Size: 
Activity scaling factor: 

Detection limit method: 
Random error: 
Systematic error: 
Fraction Limit: 

Hanford . Lib 
0.500 
Library based 

Bnv32 G53W4.22 
20 ( 2 . 43keV) 

8144 ( 1897.53keV) 
100.000\-

3 
l . 0000B+00 
l.0000B+00/( 1 . 0000E+00• 
1.00008+00 
Traditional ORTBC method 
1.00000008+00 
1.0000000E+00 
0.000\ 

1. 0000B+00) ~ 

Background width: 
Half lives decay limit: 

best method (based on spectrum) . 
12.000 

Activity range factor: 
Min . step backg. energy 
Multiplet shift channel 

2.000 
0 . 000 
2.000 

Corrections Status 
Decay correct to date: NO 
Decay during acquisition: NO 
Decay during collection: NO 
True coincidence correction: NO 
Peaked background correction: YES 

Absorption (Internal): 
Geometry correction: 
Random summing: 

NO 
NO 
NO 

total peaks alloc. 35 cutoff 
Energy Calibration 

Normalized diff: 

20.00000 

0.3764 

- 5 -

Comments 

20\ detector background 051614 r 
16 -May - 2014 14:34:20 
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RPP-RPT-58254 10/30/20 14 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4 . 22 09 - JUN - 2014 12:47 : 54 

Spectrum name: Gl40112.Anl 

Sample descri ption 
Gl40112 CTL, Cyl 9 , Deep End 

Spectrum Fi lename: H: \GammaVision\User\Spectra\Gl40112 .Anl 
***** SUMMARY OF NUCLIDE S IN SAMPLE 

Time of Count 
Nucl i de Activity 

RH - 106 < 
C0- 60 < 
PB-214 < 
Ac - 227 < 
BI - 214 
EU - 154 < 
EU - 155 < 
EU - 152 < 
CS - 137 < 
CS - 134 < 
Th - 232 < 
AC - 228 < 
NP - 237 < 
SB - 125 < 
PU - 239 < 

PU - 240 < 
U- 234 < 
U- 238 < 
Pa- 231 < 
AM - 241 < 
U- 235 < 
Th- 229 < 
Am - 243 
Cm - 243 < 

Sn- 126 < 
K- 40 

uCi/g 

4.02748 - 05 
l . 1315E- 06 
l .7013E-OS 
1. 5599E- Ol 
l . 4664E- 04 
5 . 0707E - 06 
9 . 8058E- 06 
1 . 4961E-05 
3.4578E- 06 
2.2591E-06 
7.0440E - 03 
3.1743E- 05 
2 . 4329E - 05 
l.4503E - 05 
l.2634E - 01 
7 . 7609E- 01 
5 . 3931E- 02 
2 . 5428E - 02 
2.6080E- 04 
8 . 1077E- 05 
2 . 6689E - 05 
1.59038- 04 
9 . 1574E- 05 
3 . 5577E - 05 
2.0543B - 05 
2 . 7395E - 03 

< - MDA value printed. 

Uncertainty 
Counting 

1 . 2178+01\ 

2 . 298E+Ol\ 

6 . 537E+OO\ 

1 Sigma 
Total 

l.238E+Ol\ 

2 . 329E+Ol\ 

7 . 3718+00\ 

A - Activity printed, but activity< MDA . 
B - Activity< MDA and failed test . 
c - Area< Critical level. 
F - Failed fraction or key line test . 
H - Halflife limit exceeded 

...... 

- - ---- -- --- - -- - ------- - - - - - -- SUMMARY - -- - ------- - --------------- -
Total Activity ( 4 . 2 to 1776.7 keV) 2 . 9788- 03 uCi/g 

- I -
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RPP-RPT-58254 10/30/2014 -1 2:51 PM 135 of 365 

ORTEC g v - i (1215) Env32 G53W4.22 09-JUN- 2014 12:47:54 
RSSI Spectrum name: Gl40112.Anl 

Sample description 
Gl40112 CTL, Cyl 9, Deep End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40112 . Anl 
••••• s UMMARY 0 F L I B R A R Y PE AK u s AGE ••••• 
- Nuclide - Average --- ---------- Peak ----- ---- -----
Name Code Activity Energy Activity Code MDA Value 

uCi/g keV uCi/g uci/g COMMENTS 

RH-106 I O.OOOOE+OO 
511. 86 0 . 000B+OO \ 4.027E- 05 1.008+03 G 
621. 93 O.OOOE+OO \ 5.053E-05 1.008+03 G 

1050.41 O.OOOE+OO \ l.138E-04 1. OOE+03 G 
616.22 O.OOOE+OO \ 5.6078-04 1 . 00E+03 G 
873.49 O. OOOE+OO % 6.7478- 04 1.008+03 G 

1128.07 O. OOOE+OO \ 1.5788- 03 1.00E+03 G 

C0-60 F O. OOOOE+OO 
1332 . 49 O.OOOE+OO \ 1.1318- 06 l.OOE+03 G 
1173.23 O. OOOE+OO & 5.961E- 06 1.008+03 G 

I-129 O.OOOOE+OO 
39.58 o. o·ooE+oo & O.OOOE+OO 1.00E+03 G 

PB - 214 N O. OOOOE+OO 
351. 93 O.OOOE+OO \ 1. 701E-05 1.00E:+03 G 
295 . 22 O.OOOE+OO \ 2 . 430E-05 1.00E+03 G 

77 .11 O.OOOE+OO \ 9.0578- 05 1 . 00E+03 XA 
241.99 O.OOOE+OO & 6.5288-05 1.008+03 G 

74.82 O.OOOE+OO \ 2.2018- 04 1.00E+03 XA 

Ac - 227 N O. OOOOE+OO 
147.61 O. OOOE+OO & 1. 5608-01 1.00E+03 G 
160.49 0 . 0008+00 \ 8 . 9938-02 1.00E+03 G 

BI - 214 N 1 . 46648 - 04 
609 . 32 l.466E-04 ( 8 . 1158-06 1. 228+01 G 

1764.49 0.0008+00 \ l.OlOE-05 1.00E+03 G 
1120.29 O.OOOE+OO \ 1.9048-05 1.008+03 G 
1238 . 12 O.OOOE+OO & l.141E-04 1.138+02 G 

768.36 5 . 4738-04 + 1.4938-04 2 . 688+01 G 

RA - 226 N 0 . 0000E+OO 
186.21 O.OOOE+OO O.OOOE+OO 1 . 00E+03 GA 

8U- 154 I 0.0000E+OO 
123.07 O.OOOE+OO \ 5.0718-06 l.OOE+03 G 

1274 . 43 O. OOOE+OO \ 7 . 949E-06 l.OOE+03 G 
723. 30 O.OOOE+OO \ l.312E- 05 1 . 008+03 G 

1004.76 0.0008+00 \ 2.9158- 05 1.00E+03 G 
873.18 O.OOOE+OO & 3 . 677E-OS 1 . 008+03 G 
996.29 O.OOOE+OO \ S.107E-05 l.OOE+03 G 

EU - 155 I O.OOOOE+OO 
86.55 0.0008+00 \ 9.8068-06 1 . OOE+0.3 G 

105.31 0 . 000E+OO & 2 . 5288- 05 1. OOE+03 G 
45.30 O. OOOE+OO \ 2 . 4978-02 1.00E+03 G 
60 . 01 O. OOOE+OO \ 2.2748-03 1. OOE+03 G 

EU-152 F O.OOOOE+OO 
121. 78 O.OOOE+OO \ 1. 4968- 05 l.OOE+03 G 
344 . 28 O.OOOE+OO \ 6 . 722E-06 l.OOE+03 G 

1408 . 01 0.000E+OO \ 1 . 4588-05 1 . 00E+03 G 

- 2 -



RPP-RPT-58254 10/30/2014 - 12:51 PM 136 of 365 

ORTEC g v - i (1215) Env32 G53W4 . 22 09 - JUN-2014 12:47:54 
RSSI Spectrum name : G140112 . Anl 

Sample description 
G140112 CTL, Cyl 9, Deep End 

Spectrum Filename: H:\GammaVision\User\Spectra\G140112 . Anl 
964.08 0.000E+00 \ 5. 0llE - 05 1.008+03 G 

1112. 07 0.000E+00 & 5.3068 - 05 1 . 008+03 G 
778.90 0.000E+00 \ 1.8918-05 l.00E+03 G 

CS - 137 I 0.00008+00 
661.66 0.0008+00 \ 3 . 4588 - 06 1 . 00E+03 G 

CS -134 I 0 . 0000E+00 
604. 72 0.000E+00 \ 2 . 2598 - 06 l . 00E+03 G 
795.86 0.000E+00 \ 7 . 1208- 06 l.00E+03 G 
569.33 0.0008+00 \ 1.3518- 05 l.00E+03 G 

Th -2 32 N 0 . 0000E+00 
63 . 81. 0.000E+00 & 7 . 044E- 03 1..008+03 G 

140. 88 0.000E+00 \ 2.1.988-02 1 . 008+03 G 

AC - 228 N 0 . 00008+00 
91.1. .20 0 . 000E+00 \- 3 . 174E-05 l.00E+03 G 
968.97 0.000E+00 \ 3.7118- 05 1.008+03 G 
338.32 0.0008+00 \- 4 . 3488- 05 1..00E+03 G 
964. 77 0 . 0008+00 \- 8 . 8738 - 05 1.008+03 G 
463.00 0.0008+00 \- 3 .5788- 05 l.00E+03 G 

NP - 237 F 0 . 000OE+00 
86.48 0.000E+00 \ 2 . 4338-05 1..00E+03 G 
95.86 0.000E+00 \ 2 . 204E - 04 1.008+03 XA 
92.28 0.0008+00 \ 4.343E-04 1.008+03 XA 

1.08.42 0.000E+00 & 7 . 938E-04 l . 00E+03 XA 
94.64 0.000E+00 & 1.051.E-03 l.00E+03 G 

143.25 0.0008+00 \ 6.6038 - 04 l.00E+03 G 
57.10 0.0008+00 & 9 . 971E- 03 l . 00E+03 G 

151.41. 0.000E+00 \- 1..767E-03 l . 00E+03 G 

SB - 125 I 0 . 0000E+00 
427 . 87 0.0008+00 & 1.4508- 05 1 . 00E+03 G 
600.60 0 . 0008+00 \ 9 . 7238-06 1. 008+03 G 
635.95 0.000E+00 \- 4 . 150E-05 l.00E+03 G 
463 . 36 0.000E+00 \- 1. 780E-05 l . 00E+03 G 

PU - 239 T 0.00008+00 
51. 62 0 . 000E+00 \ 1.2638- 01 l.00E+03 G 

129.30 0 . 0008+00 \ 7 . 688E- 02 1 . 00E+03 G 
98 . 43 0.0008+00 & 8 . 085E-02 1. . 00E+03 XA 
94 . 65 0 . 000E+00 & 1..7948-01. l.00E+03 XA 

111.30 0 . 000E+00 \ 4 . 213E-01 l . O0E+03 XA 
375.05 0 . 000E+00 & 3 . 3488-01 1.008+03 G 
413. 71 0 . 000E+00 & 3 . 5188- 01 l . 00E+03 G 

PU - 240 T 0 . 0000E+00 
45 . 24 0.000E+00 \ 7.761E - 01 l . 00E+03 G 

104.23 0.000E+00 & 6.138E-02 l.00E+03 G 
160 . 31 0 . 000E+00 \- l . 096E+00 l . 00E+03 G 

PU - 238 T 0 . 000OE+00 
43.50 0 . 0008+00 & 0 . 0008+00 l . 00E+03 G 
99.85 0.000E+00 & 7 . 6318-02 l . 00E+03 G 

152 . 72 0 . 000E+00 \- 3 . 297E-01 l.00E+03 G 

U- 234 N 0 . 0000E+00 
53.20 0.000E+00 \ 5 . 3938 - 02 l.00E+03 G 

- 3 -



RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1 21 5) Env32 G53W4 . 2 2 09 - JUN - 2014 12 : 47 : 54 

Spectrum name : Gl40112 . Anl 

Sampl e descript i on 
G1401 12 CTL, Cyl 9, Deep End 

Spectrum Filename : H: \GammaVi sion\User\Spect r a\G1 40112 . Anl 
120.90 O. OOOE+OO & 1 .077E- 02 1.00E+03 G 

U- 238 N O. OOOOE+OO 

Pa - 231 N O. OOOOE+OO 

AM -241 T O. OOOOE+ OO 

U- 235 N O.OOOOE+OO 

Th - 229 I O. OOOOE+OO 

Am- 243 T 9 . 1574E- 05 

Cm- 243 F O.OOOOE+OO 

Sn- 126 I O. OOOOE+OO 

K- 40 N 2.7395E- 03 

113.50 O. OOOE+OO % 
49.55 O.OOOE+OO & 

283.69 O. OOOE+OO % 
300.07 O. OOOE+OO & 

330.06 O. OOOE+OO % 
302.65 O. OOOE+OO % 

59.54 O. OOOE+OO & 

143 . 76 O. OOOE+OO % 
163 . 33 O. OOOE+OO \ 
185.71 O. OOOE+OO \ 
205.31 0 . 000E+OO & 

21 0 .15 O. OOOE+OO & 

193 . 51 O. OOOE+OO & 
156 . 41 O. OOOE+OO \ 
136 . 99 O. OOOE+OO & 

86 . 40 O. OOOE+OO \ 
86 . 25 O. OOOE+OO \ 

74 . 66 9 . 157E- 05 
43 . 53 O. OOOE+OO & 

277 . 60 O.OOOE+OO \ 
228 . 18 O. OOOE+OO & 

209 . 75 O.OOOE+OO & 

87 . 57 O. OOOE+OO \ 
86.94 0.0008+00 \ 
64 . 28 0 . 0008+00 \ 

1460 . 82 2.739E - 03 

2 . 543E- 02 1. 00E+03 G 
1.555E- 0 1 1 .00E+03 G 

2 . 608E - 04 1 . 00E+03 G 
1.571E-04 1.00E+03 G 
2 . 322E- 04 1 . 00E+03 G 
1. 836E- 04 1 . 00E+03 G 

8 .1 08E - 05 1 .00E+03 G 

2 . 669E - 05 1. 00E+03 G 
8 . 502E- 05 l . OOE+03 G 
8.768E- 06 1.00E+03 G 
9 . 913E - 05 1 . 00E+03 G 

1. 590E - 04 1 . 00E+03 G 
7 . 5188 - 05 1 . 00E+03 G 
4 . 076E- 04 1 . 00E+03 G 
3 . 999E- 04 1 . 00E+03 G 
1 . 1778- 04 1 . 00E+03 G 
2 . 429E- 04 1 . 00E+03 G 

1. 553E - 05 2 . 30E+Ol G 
O. OOOE+OO 8 . 51E+01 G 

3.558E- 05 1.00E+03 G 
3 . 797E- 05 1 . 00E+03 G 
1.351E- 04 1 . 00E+03 G 

2.054E- 05 1 . 00B+03 G 
4.214E - 05 1 . 00E+03 G 
8 . 644E- 05 1.00E+03 G 

1 . 1718-05 6 . 54E+OO G 
- Thi s peak used in the nuclide act i v i ty average . 

* - Peak is too wide, but only one peak in library . 
- Peak is part of a multiplet and this area went 

negative during deconvolution . 
? - Peak is too narrow . 
@ - Peak is too wide at FW25M , but ck at FWHM . 
\ - Peak fails sens i tivity test . 
$ - Peak identified, but first peak of thi s nucl i de 

failed one or more quali.fication tests . 
+ - Peak activity higher than counting uncertainty range . 
- - Peak activity lower than counting uncerta i nty r ange . 

- Peak outside analysis energy range . 
& - Calculated peak cent roi d i s not close enough t o t he 

l i brary energy centroid for pos i t i ve i den t i f i cat i on . 
P - Peakbackground subtract i on 

- 4 -
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RPP-RPT-58254 10/30/2014 -12 :51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 09-JUN- 2014 12:47:54 

Spectrum name : Gl40112.Anl 

Sample description 
Gl40112 CTL, Cyl 9, Deep End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40112.Anl 
} - Peak is too close to another for the activity 

to be found directly. 

Nuclide Codes: 
T - Thermal Neutron Activation 
F - Fast Neutron Activation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
C - Charged Particle Reaction 
M - No MDA Calculation 
R - Coincidence Corrected 
H - Halfl i fe limit exceeded 

Peak Codes: 
G - Gamma Ray 
X - X-Ray 
P - Positron Decay 
S - Single-Escape 
D - Double-Escape 
K - Key Line 
A - Not in Average 
C - Coincidence Peak 

- 5 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC 9 v - i (1215) Bnv32 G53W4.22 09 - JUN - 2014 12:47 : 54 

Spectrum name: G140112 . Anl 

Sample description 
Gl40112 CTL, Cyl 9, Deep End 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl 40112 . Anl 
************UN IDEN TIP I E D PE AK SUM M 

Peak Centroid Background Net Area Intensity Uncert 
Channel Energy Counts Counts Cts/Sec 1 Sigma\ 

165.34 35 . 94 80. 62 . 0 . 009 26.76 
658 . 15 143 . 42 144 . 3 1. 0 . 004 57.61 

1613 . 26 351.74 70 . 71. 0 . 010 24 . 57 

s - Peak fails shape tests. 
D - Peak area deconvoluted . 
L - Peak written from unknown list. 
C - Area < Cri t i cal level . 

This section based on library : Hanford.Lib 

- 6 -

ARY 
FWHM 
keV 

0.404 
0 . 399 
0.658 

•••••••••••• 
Suspected 
Nuclide 

s 
s 
s 
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RPP-RPT-58254 10/30/2014 -12 :51 PM 

RSSI 
ORTEC g v - i (1215) Bnv32 G53W4.22 09-JUN- 2014 12 : 47:54 

Spectrum name : Gl40112 .Anl 

Sample description 
Gl40112 CTL, Cyl 9, Deep End 

Spectrum Filename: H:\GammaVision\User\spectra\Gl40112 .Anl 
Acquisition information 

Start time: 
Live time: 
Real time: 
Dead time: 
Detector ID : 

Detector system 
CLTCOMP MCB 9 

Calibration 

09 - Jun-2014 10:31:31 
7200 
7203 

0 . 03 % 
1 

Filename: Gl40112 .Anl 
05 - 9 - 14 calibration GEM -10175 

Energy Calibration 
Created: 09 - Jun-2014 10 : 14: 03 
Zero offset : - 0 .124 keV 
Gain : 0.218 keV/channel 
Quadrat i c : l . 072E - 08 keV/channelA2 

Efficiency Calibration 
Created : 
Type: 
Uncertainty: 

08 - May - 2014 19 : 30:22 
Polynomial 
0.804 % 

Coefficients : - 0.496291 - 5.469037 
- 0.060110 0.001719 

0.606430 
- 0 . 000022 

Library Fi les 
Main analysis library: 
Library Match Width: 
Peak stripping: 

Analysis parameters 
Analysis engine: 
Start channel: 
Stop channel : 
Peak rejection level: 
Peak search sensitivity: 
Sample Size: 
Activity scaling factor: 

Detection limit method: 
Random error: 
Systematic error: 
Fraction Limit : 
Background width : 
Half lives decay limit: 
Activity range factor: 
Min. step backg . energy 
Multiplet shift channel 

Corrections 
Decay correct to date: 
Decay during acquisition : 
Decay during collection : 

Hanford . Lib 
0 . 500 
Library based 

Env32 G53W4 . 22 
20 ( 4 . 24keV) 

8144 ( 1776 . 7lkeV) 
100.000\ 

3 
l.OOOOE+OO 
l.OOOOE+OO/( l.OOOOE+OO* 
l.OOOOE+OO 
Traditional ORTEC method 
l . OOOOOOOE+OO 
l.OOOOOOOE+OO 
0.000\ 

l . OOOOE+OO) 

best method (based on spectrum). 
12.000 

2.000 
0 . 000 
2.000 

Comments 

True coincidence correction: 

Status 
NO 
NO 
NO 
NO 
YES Peaked background correction : 

Absorption (Internal): 
Geometry correction : 

NO 
NO 

- 7 -

GEM - 10175 04 30_ 14 . Pbc 
30 -Apr - 2014 11:30:36 
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RPP-RPT-58254 

RSSI 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4.22 09 - JUN-2014 12:47:54 
Spectrum name: Gl40112.Anl 

Sample description 
Gl40112 CTL, Cyl 9, Deep End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40112.Anl 
Random summing: NO 

total peaks alloc. 15 cutoff 20 . 00000 % 
Energy Calibration 

Normalized diff: 0.2103 

- 8 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 10-JUN-2014 09:17:51 

Spectrum name : Gl40114 .Anl 

Sample description 
Gl40114 CTL, Cyl 10, Deep End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40114.Anl 
***** SUMMARY OF NUCLIDE S IN SAMPLE 

Time of Count 
Nuclide Activity 

uCi/g 

RH-106 < 4.2540E- 05 
CO - 60 < 2.2630E-06 
PB-214 < l.4585E-05 
Ac - 227 < l.2234E-01 
Bl - 214 8.lBBBE - 05 
EU - 154 < l.2257E-05 
EU - 155 < l . 0946E-05 
EU - 152 < l.5336E- 05 
CS - 137 < 5.3023E-06 
CS - 134 < 2.2591E-06 
Th - 232 < 5.5153E-03 
AC - 228 < 2. 7271E-05 
NP - 237 < 2.7157E - 05 
SB- 125 < 5.5165E - 06 
PU - 239 < 2.2505E-01 
PU - 240 < 5.8807E - 0l 
U- 234 < 4.8073E-02 
U- 238 < 4.0988E-02 
Pa-231 < 8.8721E-05 
AM - 241 < l.0049E - 04 
U-235 < 2.8413E-05 
Th- 229 < 8.8463E-05 
Am-243 < l.7811E-05 
Cm - 243 < l.8571E- 05 
Sn-126 C 6.1774E- 05 
K-40 < l.1458E-04 

< - MDA value printed. 

Uncertainty 
Counting 

1 Sigma 
Total 

1.858E+0l% l . 871E+0l\ 

4.899E+0l% 4.914E+0l\ 

A - Activity printed, but activity< MDA. 
B - Activity< MDA and failed test. 
C - Area< Critical level. 
F - Failed fraction or key line test . 
H - Halflife limit exceeded 

SUMMARY 
Total Activity ( 108.3 to 1776.7 keV) l . 437E- 04 uCi/g 
This section based on library : Hanford . Lib 

- 1 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 143 of 365 

ORTEC g v - i (1215) Env32 G53W4 . 22 lO - JUN - 2014 09:17:51 
RSSI Spectrum name: G140114 .Anl 

Sample description 
Gl40114 CTL, Cyl 10, Deep End 

Spectrum Filename: H: \GammaVision\User\Spectra\Gl 40114.Anl 
***** s UMMARY 0 F L I B R A R Y P E A K u s AG E ***** 
- Nuclide - Average ----- -------- Peak --------------
Name Code Activity Energy Activity Code MDA Value 

uCi/g keV uCi/g uCi/g COMMENTS 

RH - 106 I O. OOOOE+OO 
511. 86 O. OOOE+OO \- 4.254E-05 1.00E+03 G 
621. 93 O.OOOE+OO & 5.398E- 05 l.OOE+03 G 

1050.41 O. OOOE+OO \ 3.087E-04 l . OOE+03 G 
616. 22 O.OOOE+OO \- 2 . 363E- 04 l . OOE+03 G 
873.49 O.OOOE+OO & 1.154E-03 1. OOE+03 G 

1128 . 07 O.OOOE+OO \ 8.736E- 04 l.OOE+03 G 

C0 - 60 F O.OOOOE+OO 
1332.49 O.OOOE+OO \ 2 . 263E-06 l.OOE+03 G 
1173 . 23 O.OOOE+OO \- l . 987E- 06 l.OOE+03 G 

1 -129 O.OOOOE+OO 
39 . 58 O.OOOB+OO & O.OOOE+OO l.OOE+03 G 

PB - 214 N O.OOOOE+OO 
351.93 0.000E+OO \- 1.458E- 05 ' l.OOE+03 G 
295.22 O.OOOE+OO & 2 . 621E- 05 l . OOE+03 G 
77.ll O.OOOE+OO \- 9.8l7E-05 l.OOB+03 XA · 

241. 99 O. OOOE+OO \- 2 . 5638- 05 l . OOE+03 G 
74 . 82 O.OOOE+OO \- 2.072E-04 l.OOE+03 XA 

Ac - 227 N O. OOOOE+OO 
147 . 61 O. OOOE+OO \- 1.223E-01 1.00E+03 G 
160 . 49 O. OOOE+OO \- 3 . 325E- 02 1. OOE+03 G 

BI - 214 N 8.l888E- 05 
609.32 8 . 1898-05 8. 725E- 06 1.86E+Ol G 

1764.49 O.OOOB+OO \- l.OlOE-05 l . OOE+03 G 
1120 . 29 1. 914E - 04 + S . 560E- 05 2.31E+Ol G 
1238.12 O.OOOE+OO \- 5.390E-05 2.08E+02 G 

768.36 O.OOOE+OO l.335E-05 O.OOE+OO G 

RA - 226 N O.OOOOE+OO 
186 . 21 O. OOOE+OO O.OOOE+OO O. OOE+OO GA 

EU- 154 I O.OOOOE+OO 
123.07 0.000E+OO & 1.2268-05 1 . 00E+03 G 

1274 . 43 O.OOOE+OO \- 3.103B-06 1 . 00E+03 G 
723.30 O. OOOE+OO & 2 . 7628-05 1.00E+03 G 

1004.76 O.OOOE+OO & 2.830E - 05 1.00E+03 G 
873.18 O. OOOE+OO & 3.996E- 05 1.008+03 G 
996 . 29 O.OOOE+OO & 5.750E- 05 l . OOE+03 G 

EU-155 I O.OOOOE+OO 
86.55 O.OOOE+OO \- 1.095E-05 1.00E+03 G 

105.31 O. OOOE+OO \- 2.681E - 05 1. OOE+03 G 
45.30 O. OOOE+OO \ 1.8928- 02 1.00E+03 G 
60.01 O. OOOE+OO & 1 . 889E-03 1 . 00E+03 G 

EU-152 F O. OOOOE+OO 
121.78 O.OOOE+OO & l.534E-05 1. OOE+03 G 
344 . 28 O. OOOE+OO & l.186E- 05 l..OOE+03 G 

1408 . 0l. O. OOOE+OO \- l .138E - 05 l . OOE+03 G 

- 2 -



RPP-RPT-58254 10/30/2014 - 12:51 PM 144of365 

ORTEC g v - i (1215) Env32 G53W4.22 10 - JUN-2014 09:17:51 
RSSI Spectrum name : Gl40114 . Anl 

Sampl e description 
Gl40114 CTL, Cyl 10, Deep End 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl40114 . Anl 
964.08 0 . 0008+00 \ 3 . 0208-05 l.00E+03 G 

1112.07 0.000E+00 \- 1.373E-05 l.00E+03 G 
778.90 0.000E+00 & 3.804E - 05 l . 00E+03 G 

CS - 137 I 0.0000E+00 
661.66 0.000E+00 \ 5 . 302E- 06 l.O0E+03 G 

CS-134 I 0 . 00008+00 
604. 72 0.000E+00 \ 2.259E-06 1.00E+03 G 
795.86 0.000E+00 \ 4 . 449E-06 l.00E+03 G 
569 . 33 0 . 000E+00 \ 8.093E-06 1.008+03 G 

Th-232 N 0.0000E+00 
63.81 0.000E+00 \ 5.515E-03 l.00E+03 G 

140 . 88 0.000E+00 \ 1 . 6298-02 l.00E+03 G 

AC-228 N 0 . 0000E+00 
911.20 0 . 000E+00 & 2. 7278-05 l.00E+03 G 
968.97 0.000E+00 \ 4.5468- 05 1.008+03 G 
338.32 0 . 000E+00 \ 4.2418- 05 l.00E+03 G 
964 . 77 0.000E+00 \ 3.2728- 05 1. 008+03 G 
463 . 00 0 . 000E+00 \ 8 . 2598 - 05 l.00E+03 G 

NP- 237 F 0 .0000E+00 
86 . 48 0.0008+00 \ 2.716E-05 l.00E+03 G 
95.86 0.000E+00 \ 2 . 092E-04 1. 008+03 XA 
92 . 28 0.000E+00 \ 4.293E-04 1. 00E+03 XA 

108 . 42 0.0008+00 \ 6 . 726E-04 l.00E+03 XA 
94.64 0.0008+00 \ 5 . 848B-04 l.00E+03 G 

143.25 0.0008+00 & 1.1368-03 l.00E+03 G 
57 . 10 0.000E+00 \ 5.0388-03 1.008+03 G 

151.41 0.000E+00 & 1.5248-03 1 . 008+03 G 

SB-125 I O.0000E+00 
427.87 0.0008+00 \ 5.5178-06 1.008+03 G 
600 . 60 0.0008+00 \ 1.1538-05 1 . 008+03 G 
635 . 95 0.000E+00 & 3. 7138- 05 1 . 008+03 G 
463 . 36 0.O00E+00 \ 3.444E- 05 1 . 008+03 G 

PU - 239 T 0 . 00008+00 
51. 62 0.000E+00 \- 2.251E-01 1.008+03 G 

129.30 0.000E+00 & 6.5498-02 1.008+03 G 
98 . 43 0.000E+00 \ 1.0338-01 1. 008+03 XA 
94.65 0.000B+00 \ 9.9888-02 1.00E+03 XA 

111. 30 0.0008+00 \ 3 . l 77E- 01 1.008+03 XA 
375.05 0 . 000E+00 \ 1.184B-01 1.008+03 G 
413.71 0.0008+00 \ 1.5988-01 1 . 008+03 G 

PU- 240 T 0 . 0000E+00 
45.24 0.0O0E+00 \ 5 . 8818 - 01 1.008+03 G 

104.23 0.000E+00 t 3.3798-02 l . 00E+03 G 
160.31 0.000E+00 \- 4.052E- 0l 1.008+03 G 

PU- 238 T O. 0000E+00 
43.50 0.000E+00 & 0.0008+00 l . 00E+03 G 
99 . 85 0 . 0008+00 \ 5 . 897E-02 l.00E+03 G 

152. 72 O.000E+00 \ 3.520E-01 1 . 00E+03 G 

U-234 N 0 . 0000B+00 
53.20 0 . 000E+00 \ 4.807E-02 1 . 008+03 G 

- 3 -



RPP-RPT-58254 

RSSI 

10/30/2014 - 12:51 PM 

ORTEC g v - i (1215) Env32 G53W4.22 10-JUN-2014 09 : 17:51 
Spectrum name: Gl40114.Anl 

Sample descript i on 
Gl40114 CTL, Cyl 10, Deep End 

Spectrum Filename : H:\GammaVision\User\Spectra\Gl40114 .Anl 

U-238 N 0.0000E+00 

Pa-231 N 0 . 0000E+00 

AM - 241 T 0.0000E+00 

U- 235 N 0.0000E+00 

Th- 229 I 0.0000E+00 

Am- 243 T 0 . 0000E+00 

Cm- 243 F 0.0000E+00 

Sn- 126 I 6.l774E-05 

K-40 N 0 . 0000E+00 

120 . 90 0.000E+00 \ l.104E-02 1 . 008+03 G 

113.50 0.000E+00 & 

49.55 0.000E+00 \ 

283.69 0 . 000E+00 \ 
300.07 0.00OE+00 & 

330 . 06 0 . 000E+00 \ 
302.65 0.000B+00 & 

59.54 0 . 000E+00 & 

143 . 76 0.000E+00 % 
163 . 33 0 . 000E+00 & 

185.71 0.000E+00 \ 
205.31 0 . 000E+00 & 

210 . 15 0.000E+00 % 
193.51 0.000E+00 \ 
156.41 0.000E+00 & 

136 . 99 0 . 000E+O0 & 

86 . 40 O.000E+00 % 
86.25 O.000E+00 \ 

74 . 66 0.000E+00 \ 
43.53 0.000E+00 ® 

277.60 0.000E+00 & 
228.18 O. 000E+00 & 

209 . 75 0.000E+00 & 

4 . 099E-02 l.0OE+03 G 
l.514E-0l 1.00E+03 G 

8.872E-05 1.008+03 G 
l.648E-04 l.0OE+03 G 
2.954E- 04 1.00E+03 G 
l.362E- 04 l.00E+03 G 

l.00SE-04 l.00E+03 G 

2.841E- 05 1.00E+03 G 
8.434E- 05 l.0OE+03 G 
6 . 407E-06 l.0OE+03 G 
6.658E- 05 1.00E+03 G 

8.846E- 05 1.00E+03 G 
5.885E-05 l . 00E+03 G 
3 . 953E- 04 1.00E+03 G 
2 . 829E-04 1.00E+03 G 
l . 313E-04 1 '. 00E+03 G 
2 . 533E-04 1.00E+03 G 

l.781E-05 l . 0OE+03 G 
0.O00E+00 4.32E+0l G 

1 . 8578-05 l.0OE+03 G 
4 . 254E- 05 1 . 00E+03 G 
8.6018-05 1.008+03 G 

87.57 2 . 906E- 05 ( l . 829E-0S 6.36E+0l G 
86.94 0.000E+00 \ 7 . 336E- 05 l . l4E+02 G 
64 . 28 l.878E-04 &( 1 . 3318-04 7.45E+0l G 

1460.82 0 . 000E+00 \ 1.1468- 04 1 . 008+03 G 
- This peak used in the nuclide activity average. 

* - Peak is too wide, but only one peak in library. 
- Peak is part of a multiplet and this area went 

negative during deconvolution. 
? - Peak is too narrow. 
® - Peak is too wide at FW2SM, but ok at FWHM. 
\ - Peak fails sensitivity test . 
$ - Peak identified, but first peak of this nuclide 

failed one or more qualification tests. 
+ - Peak activity higher than counting uncertainty range . 
- - Peak activity lower than counting uncertainty range. 

- Peak outside analysis energy range. 
& - Calculated peak centroid is not close enough to the 

library energy centroid for positive identification. 
P - Peakbackground subtraction 

- 4 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215) Env32 G53W4.22 10-JUN- 2014 09:17:51 

Spectrum name : Gl40114.Anl 

Sample description 
Gl40114 CTL, Cyl 10, Deep End 

Spectrum Filename : H: \GammaVision\User\Spectra\Gl40114.Anl 
} - Peak is too close to another for the activity 

to be found directly. 

Nuclide Codes: 
T - Thermal Neutron Activation 
F - Fast Neutron Activation 
I - Fission Product 
N - Naturally Occurring Isotope 
P - Photon Reaction 
C - Charged Particle Reaction 
M - No MDA Calculation 
R - Coinc i dence Corrected 
H - Halflife limit exceeded 

Peak Codes: 
G - Gamma Ray 
X - X-Ray 
P - Positron Decay 
S - Single-Escape 
D - Double-Escape 
K - Key Line 
A - Not in Average 
C - Coincidence Peak 

This section based on library: Hanford.Lib 

- 5 -
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC g v - i (1215} Bnv32 G53W4 . 22 10-JUN- 2014 09:17:51 

Spectrum name: Gl40114.Anl 

Sample description 
Gl40114 CTL, Cyl 10, Deep End 

Spectrum Filename: H:\Gammavision\User\Spectra\Gl40114 . Anl 
••••••••••••UN IDENTIFIED 

Peak Centroid Background Net Area 
Channel 

167.15 
344.06 
497.62 
675.38 

1112 .28 

6 - Peak 
D - Peak 
L - Peak 
C - Area 
M - Peak 

Energy Counts 

36 . 33 119. 
74 . 91 252. 

108.41 228. 
147.18 185 . 
242.47 149. 

fails shape tests. 
area deconvoluted . 

Counts 

123. 
137. 

48. 
39. 
40. 

written from unknown list . 
< Critical level. 
is close to a library peak. 

PE AK 
Intensity 
Cts/Sec 

0.017 
0.019 
0.007 
0.005 
0.006 

This section based on library : Hanford .Lib 

- 6 -

S U M M A R Y 
Uncert FWHM 

1 Sigma\- keV 

18.53 0.468 
21.81 1 . 071 
53 . 76 0 . 455 
56.13 0 . 464 
58.44 0 . 482 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

RSSI 
ORTEC 9 v - i (1215) Env32 GS3W4.22 10-JUN-2014 09:17:51 

Spectrum name: Gl40114.Anl 

Sample description 
Gl40114 CTL, Cyl 10, Deep End 

Spectrum Filename: H:\GammaVision\User\Spectra\Gl40114.Anl 
Acquisition information 

Start time : 
Live time: 
Real time: 
Dead time : 
Detector ID: 

Detector system 
CLTCOMP MCB 9 

Calibration 
Filename: 

09 - Jun-2014 16 : 52:57 
7200 
7202 

0.03 \ 
1 

Gl40114 . Anl 
05 - 9-14 calbiration GEM-10 175 

Energy Calibrat i on 
Created: 
zero offset: 
Gain : 
Quadratic : 

Efficiency Calibration 
Created: 
Type: 
uncertainty : 

09 - Jun - 2014 10 : 14:03 
- 0.124 keV 

0 . 218 keV/channel 
l . 072E-08 keV/channelA2 

08 - May - 2014 19:30:22 
Polynomial 
0 . 804 \ 

Coefficients: -0.496291 - 5.469037 
- 0 . 060110 0 . 001719 

0 .606430 
- 0 . 000022 

Library Files 
Main analysis library: 
Library Match Width: 
Peak stripping : 

Analysis parameters 
Analysis engine: 
Start channel: 
Stop channel: 
Peak rejection level: 
Peak search sensitivity: 
Sample Size: 
Activity scaling factor: 

Detection limit method: 
Random error: 
Systematic error: 
Fraction Limit: 

Hanford . Lib 
0.500 
Library based 

Env32 G53W4 . 22 
20 ( 4 . 24keV) 

8144 ( 1776.7lkeV) 
100.000\ 

3 
l.OOOOE+OO 
1.0000E+OO/( l . OOOOE+OO• 
l.OOOOE+OO 
Traditional ORTEC method 
l.OOOOOOOE+OO 
l.OOOOOOOE+OO 
0 . 000\ 

l.OOOOE+OO) a 

Background width: best method (based on spectrum) . 
Half lives decay limit: 
Activity range factor: 
Min. step backg. energy 
Multiplet shift channel 

12.000 
2.000 
0 . 000 
2 . 000 

Corrections Status 

tota l 

Decay correct to date : NO 
Decay during acquisition: NO 
Decay during collection : NO 
True coincidence correction: NO 
Peaked background correction : YES 

Absorption (Internal): NO 
Geometry correction : NO 
Random summing: NO 

peaks alloc. 25 cutoff 20.00000 
Energy Calibration 

Normalized diff : 0 . 3242 

- 7 -

Comments 

GEM-10175 04_30_14.Pbc 
30-Apr-2014 11:30:36 

% 
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Washington River Protection Solutions, Inc. 
Inspection of Core Segments Obtained from the Sidewall 
of the Single Shell Tank 241 -A-1 06 
CTLGroup Project No. 395940; WRPS Subcontract No. 53751 
Revision 1 

Attachment B 

Table 1. Concrete Core Identification and Test Matrix 
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RPP-RPT-58254 10/30/2014 - 12 :51 PM 

SINGLE SHELL 241 -A-106 TANK CONCRETE SIDEWALL CORING 

PROJECT CORE HOLE# SST-241-A-106-01 

PACKAGED CORE LOG (Packaged in PVC Tube$ - 4 in dia. X - 6 ft . long 
with threaded end caps) 

' I 
Total Core 

Length Date 

Package# 1 (feet) Collected Core Run Segment# I 

1 
' 

3.6 6-May 1 I 
I 7-May 2 I 

I 8-May 3 I 

I I 8-May 4 I I 
2 I 2.8 I 12-May 1 5 I 

' I 12-May 6 1 I 
' 

I 12-May 6 1 ! 
3 4.77 12-Mav 6 2 I 

13-May 7 1 I 

13-May 7 1 ! 
13-May 7 1 I 
13-May 7 2 I 

13-Mav 7 2 l 
4 3.11 ' 13-May 7 3 I 

14-Mav 8 1 

14-May 8 2 

5 4.66 14-May 8 3 I 14-May 8 
r 

3 
t i 

14-May 8 3 

15-May 9 1 

1S-May 9 1 

15-May 9 2 I 

6 3.39 15-May 9 3 

15-May 9 3 

1S-May 9 3 

15-May 9 4 

' 19-May 10 4 

7 4.46 19-May 10 1 I 
19-May 10 1 l 
19-May 10 1 ' 
19-May 10 2 

19-May 10 I 2 

19-Mav 10 I 3 

8 4.09 20-May 11 I 1 

20-May 11 ' 1 

20-May 11 2 I 
20-May 11 2 

20-May 11 2 

9 S.02 20-May 11 3 

' 20-May 12 2 

20-May 12 2 

20-1\!_ay 12 2 
' 20-May 12 2 I 

10 \ 2.4 20-May 12 1 i 
I 20-May 12 3 i 
! 21-May 13 1 i 

I 21-May 13 2 I 

21-May 13 3 

21-May I 13 4 I 

Totals 

ID Visual 

l X 
2 X 
3 X 
4 X 

5 X 
6-lA X 
6-18 X 
6-2 X 

7-lA X 
7-1 B X 
7·1 C X 
7-2 A X 
7-2 B X 
7-3 X 
8-1 X 
8-2 X 

8-3A X 
8-3 B X 
8-3 C X 
9-1 A X 
9-1 B X 
9-2 X 

9-3A X 
9-3 B X 
9-3 C X 
9-4 X 
10-4 X 

10-1 A X 
10-1 B X 
10-lC X 
10-2 A X 
10-2 B X 

10-3 X 
11-1 A X 

11-1 B X 
11-2 A X 
11-2 8 X 
11-2 C X 
11-3 X 

12-2 A X 
12-2 B X 
12-2 C X 
12-2 D X 

12-1 X 

12-3 X 
13-1 X 
13-2 X 
13-3 X 

13-4 X 

49 

NOE C39 

X X 
X X 
X X 
X X 

X 
X 

X 
X X 

X 
X 
X 

X 
X 
X 

X X 
X X 
X X 

X X 
X X 

X 
X 

X 

X 

X 
X 

X 

X X 

X 
X 
X 

X X 
X X 

X X 
X X 

X 
X 
X 

X X 
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Washington River Protection Solutions, Inc. 
Inspection of Core Segments Obtained from the Sidewall 
of the Single Shell Tank 241 -A-106 
CTLGroup Project No. 395940; WRPS Subcontract No. 53751 
Revision 1 

Attachment C 

Photographs of Concrete Core Segments and 
Documentation of any Cracks and/or Voids 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 -12:51 PM 

Side view of Core #1, (length = 5½ in.] No significant voids present 

Top view of Core #1, no voids, slight brown discoloration present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 -1 2:51 PM 153 of 365 
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August 8, 2014 

Side view of Core #2 [Length = 12½ in.] : 1/4-inch & 1/2-inch voids in center (yellow arrows} 

Ends of Core #2, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 -12 :51 PM 154 of 365 
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Side view of Core #3 (Length= 12½ in.), No significant voids present 

Ends of Core #3, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 155 of 365 
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Side view of Core #4 [Length= 12¼ in.], No significant voids present 

Ends of Core #4, No significant voids present 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #5 [Length= 12¼ in.], 1/2-inch void present (yellow arrow), 

hot spot present (red brackets). Measureable activity is 3.3 x 10-4 uCi/g of Cs-137. 

Tests did not include segment with hot spot. 

Ends of Core #5, No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #6-1 [Length= 21¼ in.], rebar present (yellow arrow), hot spot present (red arrow) 

Tests did not include segment with rebar and hot spot. 

Ends of Core #6-1, No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #6·2 [Length= 14 in.], No significant voids present 

Ends of Core #6-2, No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #7-1 [Length = 23 in.), No significant voids present 

Ends of Co,e #7-1, No significant voids p,esent. Photo on the ,ight was taken afte, sample was cut lo, pet,og~ ls 
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Washington River Protections Solut ions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #7-2 [Length= 20 in .], No significant voids present; Large aggregates present at approx. 1½ in. (yellow brackets) 

Ends of Core #7-2, Photo on right indicates presence of large aggregate. 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 

Side view of Core #7-3 [Length= 14 in.], No significant voids present 

Ends of Core #7-3, Photo on left indicates presence of a large & long aggregate. 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 162 of 365 
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August 8, 2014 

Side view of Core #8-1 [Length= 10 in.], No significant voids present 

Ends of Core #8-1, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 163of365 
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August 8, 2014 

Side view of Core #8-2 [Length = 13¼ in.], No significant voids present, Large aggregate present 

(2 inches, indicated by yellow bracket) 

Ends of Core #8-2, No significant voids present 



RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 164 of 365 
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Side view of Core #8-3A [length = 6½ in .), Top end of Core #8-3, No significant voids present. 

Ends of Core #8-3A, No significant voids present 



RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 

Page 14 of 38 

August 8, 2014 

Side view of Core #8-38 [Length= 12 in.]; M iddle section of Core #8-3; No significant voids present. 

Ends of Core #8-38, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 

Side view of Core #8-3C [Length = 12 in.); Bottom section of Core #8-3; 

1/4-inch void present (yellow arrow) 

End of Core #8-3C, No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #9-1 [Length= 15½ in.], No significant voids present 

Ends of Core #9-1, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 

Side view of Core #9-2 [Length = 9 in.]; No significant voids present 

Ends of Core #9-2, No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #9-3 [Length = 23½ in.], No significant voids present 

End of Core #9-3, No significant voids present 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 170 of 365 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Page 19 of 38 

August 8, 2014 

Side v iew of Core #9-4 (Length = 12 in.]; Large aggregate present at approximately 2 inches 

(yellow bracket). No significant voids present. 

Ends of Core #9-4, Photo on left shows evidence of large aggregate. No significant voids present. 



Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #10-1 [Length= 24¾ in.], No significant voids present 

Ends of Core #10-1, Photo of the left was taken after the core was saw cut for petrography analysis. No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 

Side view of Core #10-2A [Length= 12 in.]; Top section of Core #10-2; 

No significant voids present 

Ends of Core #10-2A, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 

Side view of Core #10-2B [Length= 12 in.); Bottom section of Core #10-2; 

173 of 365 
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Large aggregate present at approximately 2½ inches (yellow bracket). No significant voids present 

Ends of Core #10-2B, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 -12 :51 PM 

Side view of Core #10-3 [Length= 4½ in.); No significant voids present 

Ends of Core #10-3, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 

Side view of Core #10-4 [Length= 5 in.); No significant voids present 

Ends of Core #10-4, No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #11-lA [Length= 12 in.], Top section of Core #11-1; No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #11-18 [Length= 12 in.], Bottom section of Core #11-1; No significant voids present 

Ends of Core #11-1B, No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #11-2 [Length= 24 in.], No significant voids present 

End of Core #11-2, Photo was taken after core was saw cut for petrographic analysis. No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revis ion 1 

10/30/2014 - 12:51 PM 

Side view of Core #11-3 [Length= 10¾ in.]; No significant voids present. 

Ends of Core #11-3, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/201 4 - 12:51 PM 

Core 1112-1 [Length=½ in.]; No significant voids present 

Tests were not performed on this sample due to small size. 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #12-2A [Length= 12 in.]; Top section of Core #12-2; No significant voids present 

Ends of Core #12-2A, No significant voids present 
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Washington River Protections Solutions, Inc. 
Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #12-28 [Length,.,, 12 in.); Top-mid section of Core #12-2; No significant voids present 

2 ··, ·1~· '1'•'. 

L I'>--)-& 5 ---- ... 
Ends of Core #12-2B, No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #12-2C [Length = 12 in.); Bottom-mid section of Core #12-2; No significant voids present 

Ends of Core #12-2C, No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #12-2D [Length = 12 in.]; Bottom section of Core #12-2; No significant voids present 

Ends of Core #12-20, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 185 of 365 
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Side view of Core #12-3 (Length = 6¼ in.], No significant voids present 

End of Core #12-3, No significant voids present 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 186 of 365 
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Side view of Core #13-1 [Length= 7¾ in.], Crack with width> 0.6mm present (yellow arrows) 

End of Core #13-1, Opposite side view ] 
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Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

Side view of Core #13-2 [Length = 3 in.), Crack with width > 0.4mm present (yellow arrows) 

Ends of Core #13-2, No significant voids present 
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RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 188 of 365 
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Side view of Core #13-3 [Length = S in.); Sample arrived in two pieces. It was indicated that the ] 

crack (yellow arrow) propopates from th bottom of a water stop between the wall and foundation. 

Ends of Core #13-3, No significant voids present 



RPP-RPT-58254 

Washington River Protections Solutions, Inc. 

Photographs of Core Hole #SST-241-A-106-01 

CTLGroup Project No. 395940; Revision 1 

10/30/2014 - 12:51 PM 

Side view of Core #13-4 [Length= 6 in.]; lx¼ inch void present (yellow bracket). 

Void passes through to the opposite side of the core. 

Ends of Core #13-4, No significant voids present 
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RPP-RPT-58254 10/30/2014 - 12:51 PM 

Washington River Protection Solutions, Inc. 
Inspection of Core Segments Obtained from the Sidewall 
of the Single Shell Tank 241 -A-106 
CTLGroup Project No. 395940; WRPS Subcontract No. 53751 
Revision 1 

Attachment D 

August 8, 2014 

ASTM C597 and ASTM C215, Non Destructive Evaluation Results 
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RPP-RPT-58254 

Cl ient: Washington River Protection Solutions 

Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 

Contact: Mr. Tom Misiak 

Submitter: Mr. Robert Nelson 

Date Received: June 13, 2014 

Test Resull§ for Non oestruct;ve Eva1uat;on 

10/30/2014 - 12:51 PM 

Project No. 395940 

CTLGroup Project Mgr.: J. L. Jones 

Analyst: J. L. Jones 

Approved by: E. Dodge 

Date Analyzed: 06/25/14 to 07/02/14 

Date Reported: July 28, 2014 

ASTM C215, Standard Test Method for Fundamental Transverse, Longitudinal , and Torsional Resonant Frequencies 
of Concrete Specimens 
ASTM C597, Standard Test Method for Pulse Velocity Through Concrete 

Diameter 1, m. 
Diameter 2, m. 
Diameter 3. m. 
Average Diameter, m. 

Cross-Sectional Area, m2 

Length 1, m. 
Length 2, m. 
Average Length, m 

Mass of Core. kg 
Densi mass/volume • k /m3 

Average Transverse Resonant Frequency, Hz 

Dynamic Transverse Modulus of Elasticity, GPa 

Dynaff!iC Transverse Modulus of Elasticity, ksi 

D namic Poisson's Ratio from Transverse E 
Longitudinal Resonant Frequency, Hz 

Dynamic Longitudinal Modulus of Elasticity. GPa 

Dynamic Longitudinal Modulus of Elasticity, ksl 

D amic Poisson's Ratio from Lon itudinal E 
Torsional Resonant Frequency, Hz 

Dynamic Modulus of Rigidity, GPa 

D namic Modulus of Ri ldit , ksi 

Transit Time (µs) 

Velocity {mis) 

Dynamic Longitudinal E, GPa (as determined in ASTM C215) 

Dynamic E, GPa using Eq. 1 of ASTM C597 
Dynamic E, ksi using Eq. 1 of ASTM C597 
D namic Poisson's Ratio from Lon itudinal E er ASTM C215 

Notes: 
1. This report represents specifically the samples submitted. 
2. This report may not be reproduced except in its entirety. 

#2 
3679702 

0.08333 
0.08348 
0.08344 
0.08342 

0.005 
0.27751 
0.27755 
0.2800 

3.560 

2543 

3030 

32.5 

4713 

0.16 

6923 

34.5 

5003 

0.23 

4220 
14.0 

2030 

55.6 

4991 .2 

34.5 

54.65 
7924 
0.23 

#3 
3679703 

0.08339 
0.08353 
0.08844 
0.08512 

0.006 
0.27064 
0.27076 
0.2700 

3.530 

2178 

3220 

33.0 

4785 

0.22 

7140 

34.0 

4930 

0.26 

4623 

13.5 

1958 

53.3 

5077.7 
34.0 

45.90 

6656 
0.26 

#4 
3679704 

0.08363 
0.08366 
0.0~369 
0.08366 

0.005 
0.26825 
0.28688 
0.2800 
3.535 

2527 

3390 

36.0 

5220 

0.13 

7430 

38.0 

5510 

0.19 

4587 

16.0 

2320 

53.3 

5032.8 

38.0 

58.30 

8454 
0.19 

( o,porat Office .lnd ubor~tn<y 5400 Old Orrhard Ro~. Sl!ok~. IL 60077-103(1 

#5 
3679705 

0.08347 
0.08345 
0.08345 
0.0835 

0.005 
0.25951 
0.25923 
0.2600 

3.425 

2634 

3630 

39.0 

5655 

0.15 

7720 

38.5 

5583 
0.13 

4880 
17.0 
2465 

52.4 

4952.5 

39.0 

62.09 

9003 
0.13 
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RPP-RPT-58254 

Client: Washington River Protection Solutions 

Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 

Contact: Mr. Tom Misiak 

Submitter: Mr. Robert Nelson 

Date Received: June 13, 2014 

Test Results for Non Destructive Evaluatjon 

10/30/2014 - 12:51 PM 

Project No. 395940 

CTLGroup Project Mgr.: J. L. Jones 

Analyst: J. L. Jones 

Approved by: E. Dodge 

Date Analyzed: 06/25/14 to 07/02/14 

Date Reported: July 28, 2014 

ASTM C215, Standard Test Method for Fundamental Transverse, Longitudinal, and Torsional Resonant Frequencies 
of Concrete Specimens 
ASTM C597, Standard Test Method for Pulse Velocity Through Concrete 

I i n 
Client Identification 
cnGrou Identification 

Diameter 1, m. 
Diameter 2, m. 
Diameter 3. m. 
Average Diameter, m. 
Cross-Sectional Area. m2 

Length 1, m. 
Length 2. m. 
Average Length. m 

Mass of Core, kg 

Dens· mass/volume . k /m3 

Average Transverse Resonant Frequency. Hz 
Dynamic Transverse Modulus of Elasticity, GPa 

Dynamic Transverse Modulus of Elasticity, ksi 
D amic Poisson's Ratio from Transverse E 

Longitudinal Resonant Frequency, Hz 

Dynamic Longitudinal Modulus of Elasticity. GPa 

Dynamic Longitudinal Modulus of Elasticity, ksi 

D namic Poisson's Ratio from Lon itudinal E 

Torsional Resonant Frequency, Hz 

Dynamic Modulus of Rigidity, GPa 

D amic Modulus of Ri idit ksi 

Transit Time (µs) 

Velocity (mis) 

Dynamic Longitudinal E, GPa (as determined in ASTM C215) 

Dynamic E, GPa using Eq. 1 of ASTM C597 

Dynamic E, ksi using Eq. 1 of ASTM C597 
D namic Poisson's Ratio from Lon itudinal E er ASTM C215 

Notes: 
1. This report represents specifically the samples submitted. 
2. This report may not be reproduced except in its entirety. 

#6-1 
3579706 

0.08335 
0.08358 
0.08360 
0.08351 
0.005 
0.38336 
0.38307 
0.385 

5.015 

2604 

1880 

40.0 

5800 
0.11 

5360 

40.5 

5873 

0.13 

3430 

18.0 

2610 

79.7 

4810 

40.5 

57.91 

8397 
0.13 

#6-2 #7-1 
3679707 3579708 

0.08348 0.08322 
0.08353 0.08323 
0.08851 0.08310 
0.085 17 0.08318 
0.006 0.005 
0.30955 0.40798 
0.30912 0.40796 
0.310 0.410 

4.165 5.425 

2238 2646 

2710 1520 

38.5 34.5 

5583 5003 

0.17 0.23 

6873 4600 

42.5 34.5 

6163 5003 

0.29 0.23 

4410 2807 

16.5 14.0 

2393 2030 

59.6 84.4 

5194 4834 

42.5 34 .5 

46.07 53.33 

6680 7733 
0.29 0.23 

Corpor~te Off'tce and Laboratory: S400 Old Orchard Road, Skol<1e, It ~ II 10:!0 

#7-2 
I 3679709 

0.08339 
0.08343 
0.08355 
0.0835 
0.005 
0.44356 
0.44337 
0.445 

6.035 

2713 

1350 
38.5 

5583 
0.20 

4373 

37.5 

5438 
0.17 

2737 

16.0 

2320 

89.2 

4973 

38.5 

62.42 

9051 
0.17 
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Client: Washington River Protection Solutions Project No. 395940 

Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 

Contact: Mr. Tom Misiak 

Submitter: Mr. Robert Nelson 

Date Received: June 13, 2014 

CTLGroup Project Mgr.: J. L. Jones 

Analyst: J. L. Jones 

Approved by: E. Dodge 

Date Analyzed: 06/25/14 to 07/02/14 

Date Reported: July 28, 2014 

Date Revised: August 8, 2014 

Test Results for Non Destructive Evaluation 
ASTM C215, Standard Test Method for Fundamental Transverse , Longitudinal, and Torsional Resonant Frequencies 
of Concrete Specimens 
ASTM C597, Standard Test Method for Pulse Velocity Through Concrete 

- . 
"~ 

Diameter 1. m. 
Diameter 2, m. 
Diameter 3, m. 
Average Diameter, m. 

Cross-Sectional Area. m2 

Length 1, m. 
Length 2, m. 
Average Length. m 

Mass of Core. kg 

Density (mass/volume), ka/m3 

n r 
Average Transverse Resonant Frequency. Hz 

Dynamic Transverse Modulus of Elasticity, GPa 

Dynamic Transverse Modulus of Elasticity. ksi 

D namic Poisson's Ratio from Transverse E 

Longitudinal Resonant Frequency. Hz 

Dynamic Longitudinal Modulus of Elasticity, GPa 

Dynamic Longitudinal Modulus of Elasticity. ksi 
D namic Poisson's Ratio from Lon itudinal E 

Torsional Resonant Frequency, Hz 

Dynamic Modulus of Rigidity, GPa 

D namic Modulus of Ri idit , ksi 

Non-0 structlve Evalua n 7 
Transit Time (µ1) 

Velocity (mis} 

Dynamic Longitudinal E, GPa (as determined in ASTM C215) 

Dynamic E, GPa using Eq. 1 of ASTM C597 

Dynamic E. ksi using Eq. 1 of ASTM C597 
D namic Poisson's Ratio from Lon itudinal E r ASTM C215 

Notes: 

#7-3 
3679710 

0.08350 
0.0~350 
0.08340 
0.0835 

0.005 
0.2863 
0.2863 
0.285 

3.825 

2683 

3370 

47.0 

6815 

0.12 

7707 

47.5 

6888 
0.13 

4870 

21 .0 

3045 

55.6 

5149 

47.5 

68.37 

9914 
0.13 

#8-1 
3679711 

0.08344 
0.08356 
0.08323 
0.08341 

0.005 
0.20777 
0.20785 
0.210 
2.815 

2683 

5690 

47.5 

6888 
Note 1 

Note 1 

Note 1 
Note 1 
Note 1 

Note 1 

Note 1 

Note 1 

37.3 

5570 

Note 1 

Note 2 

Note 2 
Note 1 

' 

•-

#8-2 #8-38 
3679712 3679713-02 

0.08343 0.08344 
0.08354 0.08348 
0.08345 0.08345 
0.08347 0.0835 

0.005 0.005 
0.27460 0.26220 
0.27447 0.26243 
0.275 0.260 

3.765 3.550 

2739 2729 

3710 3920 

53.0 48.5 
7685 7033 

0.15 0.15 

8390 8330 

53.0 47.0 

7685 6815 
0.15 0.12 

5277 5310 

23.0 21 .0 

3335 3045 

53.3 48.7 

5152 5384 

53.0 48.5 

68.85 76.52 

9983 11095 
0.15 0.12 

1. Test sample did not have a length long enough to obtain a resonant frequency measurement. 
2. This value cannot be calculated since the dynamic Poisson's ratio could not be determined. 
3. This report represents specifically the samples submitted. 
4. This report may not be reproduced except in its entirety. 
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RPP-RPT-582 54 

Client: Washington River Protection Solutions 

Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 

Contact: Mr. Tom Misiak 

Submitter: Mr. Robert Nelson 

Date Received: June 13, 2014 

Test Results for Non Destructive Evaluation 

10/30/2014 - 12:51 PM 

Project No. 395940 

CTLGroup Project Mgr.: J. L. Jones 

Analyst: J. L. Jones 

Approved by: E. Dodge 

Date Analyzed: 06/25/14 to 07/02/14 

Date Reported: July 28, 2014 

ASTM C215. Standard Test Method for Fundamental Transverse, Longitudinal, and Torsional Resonant Frequencies 
of Concrete Specimens 
ASTM C597, Standard Test Method for Pulse Velocity Through Concrete 

#8-3C #9-1 #9-2 #9-3 
3679713-03 3679714 3697715 3679716-02 

Con,.,...te Dimensions 
Diameter 1, m. 0.08348 0.08342 0.08326 0.0835 
Diameter 2, m. 0.08345 0.08343 0.08329 0.0884 
Diameter 3, m. 0.08430 0.08344 0.08331 0.0884 
Average Diameter, m. 0.0837 0.0834 0.08329 0.0868 
Cross-Sectional Area , m 2 0.0055 0.005 0.005 0.006 
Length 1, m. 0.2437 0.33364 0.1808 0.3687 
L~ngth 2, m. 0.2436 0.33327 0.18133 0.3690 
Average Length, m 0.2437 0.335 0.180 0.370 

Mass of Core, kg 3.290 4.535 2.410 4.980 

Densitv (mass/volume), kQ/m3 2453 2708 2678 2243 

i i 
Average Transverse Resonant Frequency, Hz 4170 2510 6670 2030 
Dynamic Transverse Modulus of Elasticity, GPa 42.5 44.0 43.5 37.5 

Dynamic Transverse Modulus of Elasticity, ksi 6163 6380 6308 5438 

D namic Poisson's Ratio from Transverse E 0.18 0.05 Note 1 0.17 

Longitudinal Resonant Frequency, Hz 8590 653_7 Note 1 5590 

Dynamic Longitudinal Modulus of Elasticity, GPa 43.0 47.5 Note 1 39.0 
Dynamic Longitudinal Modulus of Elasticity, ksi 6235 6888 Note 1 5655 
D namic Poisson's Ratio from Lon itudinal E 0.19 0.13 Note 1 0.22 

Torsional Resonant Frequency. Hz 5580 4150 Note 1 3613 
Dynamic Modulus of Rigidity, GPa 18.0 21 .0 Note 1 16.0 

D namic Modulus of Ri idi , ksi 2610 3045 Note 1 2320 

Transit Time (µs) 45.6 63.9 34.7 74.9 

Velocity (mis} 5344 522 1 5210 4923 
Dynamic Longitudinal E, GPa (as determined in ASTM C215) 42 .5 47.5 Note 1 37.5 

Dynamic E, GPa using Eq. 1 of ASTM C597 63.81 70.95 Note2 47.61 

Dynamic E, ksi using Eq. 1 of ASTM C597 9252 10288 Note2 6903 
D namic Poisson's Ratio from Lon itudinal E erASTM C215 0.19 0.13 Note 1 0.22 

Notes: 
1. Test sample did not have a length long enough to obtain a resonant frequency measurement. 
2. This value cannot be calculated since the dynamic Poisson's ratio could not be determined. 
3. This report represents specifically the samples submitted . 
4. This report may not be reproduced except in its entirety. 
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RPP-RPT-58254 

Client: Washington River Protection Solutions 

Project Name: Testing of A-1 06 Sidewall Concrete Cores 

Subcontract No. 53751 

Contad: Mr. Tom Misiak 

Submitter: Mr. Robert Nelson 

Date Received: June 13, 2014 

Test Results toe Non Destructive Eyaluatjon 

10/30/2014 - 12:51 PM 

Project No. 395940 

CTLGroup Project Mgr.: J. L. Jones 

Analyst: J. L. Jones 

Approved by: E. Dodge 

Date Analyzed: 06/25/14 to 07/02/14 

Date Reported: July 28, 2014 

ASTM C215, Standard Test Method for Fundamental Transverse, Longitud inal, and Torsional Resonant Frequencies 
of Concrete Specimens 
ASTM C597, Standard Test Method for Pulse Velocity Through Concrete 

Diameter 1, m. 
Diameter 2, m. 
Diameter 3, m . 
Average Diameter, m. 

Cross-Sectional Area , m2 

Length 1, m. 
Length 2, m. 
Average Length . m 

Mass of Core, kg 

Densi mass/volume , k /m3 

Average Transverse Resonant Frequency, Hz 
Dynamic Transverse Modulus of Elasticity, GPa 

Dynamic Transverse Modulus of Elasticity, ksi 

D namic Poisson's Ratio from Transverse E 

Longitudinal Resonant Frequency, Hz 
Dynamic Longitudinal Modulus of Elasticity, GPa 

Dynamic Longitudinal Modulus of Elasticity, ksi 

D namic Poisson's Ratio from Lo itudinal E 

Torsional Resonant Frequency, Hz 
Dynamic Modulus of Rigidity, GPa 

O amic Modulus of R i<f ksi 

Transit Time (µs) 

Velocity (mis) 

Dynamic Longitudinal E, GPa (as determined in ASTM C215) 

Dynamic E . GPa using Eq . 1 of ASTM C597 

Dynamic E, ksi using Eq. 1 of ASTM C597 
D namic Poisson's Ratio from Lon itudinal E r ASTM C215 

Notes: 
1. This report represents specifically the samples submitted. 
2. This report may not be reproduced except in its entirety. 

#9-4 
3679717 

0.08342 
0.08340 
0 .08350 
0.0834 

0.005 
0.2243 
0.2246 
0.225 

3.040 

2702 

4820 

43.0 

6235 

0.08 

9310 

43.5 

6308 

0 .09 

6073 

20.0 

2900 

43.2 

5192 

43.0 

71 .54 

10373 
0.09 

#10-1 #10-2A I #10-2B 
3679718 3679719-01 3679719-02 

0.08355 
0.08351 
0.08353 
0.0835 

0.005 
0.38440 
0.38416 
0.385 

5.265 

2735 

1940 

45.0 

6525 

0.07 

5690 
48.0 
6960 

0 .14 

3600 
21 .0 

3045 

43 .2 

8898 

48.0 

206.67 

29967 
0.14 

0.08351 
0.08350 
0.08353 
0.08351 

0.005 
0.2546 
0.25476 
0.255 

3.470 

2722 

3960 

44.5 
6453 

0.09 
8447 

46.0 

6670 

0 .12 

5383 

20.5 

2973 

48.3 

5271 

46.0 

73.15 

10607 
0.12 

0 .08353 
0.08841 
0 .08839 
0 .0868 

0 .006 
0.2489 
0.2489 
0.250 

3.355 

2235 

4070 

39.0 

5655 

0.26 

8260 

38.5 

5583 

0.24 

5280 

15.5 

2248 

48.3 

5153 

39.0 

50.35 

7301 
0.24 
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RPP-RPT-58254 

Client: Washington River Protection Solutions 

Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 

Contact: Mr. Tom Misiak 

Submitter: Mr. Robert Nelson 

Date Received: June 13, 2014 

Test Results for Non Destruct;ve Eyaluat;on 

10/30/2014 - 12:51 PM 

Project No. 395940 

CTLGroup Project Mgr.: J. L. Jones 

Analyst: J. L. Jones 

Approved by: E. Dodge 

Date Analyzed: 06/25/14 to 07/02/14 

Date Reported: July 28, 2014 

ASTM C215 , Standard Test Method for Fundamental Transverse, Longitudinal , and Torsional Resonant Frequencies 

of Concrete Specimens 
ASTM C597 , Standard Test Method for Pulse Velocity Through Concrete 

c,,. .. ,. ....... - . 
Diameter 1, m. 
Diameter 2, m. 
Diameter 3, m. 
Average Diameter, m. 

Cross-Sectional Area, m2 

Length 1, m. 
Length 2. m. 
Average Length, m 

Mass of Core, kg 
Densitv (mass/volume}, ka/m3 

Average Transverse Resonant Frequency, Hz 

Dynamic Transverse Modulus of Elasticity, GPa 

Dynamic Transverse Modulus of Elasticity, ksi 

D amic Poisson's Ratio from Transverse E 

Longitudinal Resonant Frequency, Hz 

Dynamic Longitudinal Modulus of Elasticity, GP a 

Dynamic Longitudinal Modulus of Elasticity, ksi 

D namic Poisson's Ratio from Lon itudinal E 

Torsional Resonant Frequency, Hz 

Dynamic Modulus of Rigidity, GPa 
D namic Modulus of R idi , ksi 

Transit Time (11s) 

Velocity (mis) 

Dynamic Longitudinal E, GPa (as determined in ASTM C215) . 

Dynamic E, GPa using Eq. 1 of ASTM C597 

Dynamic E, ksi using Eq. 1 of ASTM C597 
D namic Poisson's Ratio from Lon itudinal E er ASTM C215 

Notes: 
1. This report represents specifically the samples submitted . 
2. This report may not be reproduced except in its entirety. 

#1 1-1A 
3679722-01 

0.08364 
0.08359 
0.08353 
0.0836 

0.005 
0.23327 
0 .23336 
0.235 

3.165 

2692 

4530 

44 .0 

6380 

0.13 

9023 

44 .0 

6380 

0.13 

5733 

19.5 

2828 

44 ,4 

5254 

44 .0 

71 .42 

10356 
0.13 

#11-18 
3679722-02 

0 .08345 
0.08345 
0.08345 
0.08345 

0.005 
0 .2694 
0.26967 
0.270 

3.670 

2718 

3560 

45.0 

6525 

0.18 

7960 

46.0 

6670 

0.21 

4920 

19.0 

2755 

52 .1 

5171 

46.0 

64.56 

9361 
0.21 

#11-2 #11-3 
3679723 3679724 

0.08349 0.08344 
0.08343 0.08341 
0.08347 0.08344 
0 .0835 0.0834 

0.005 0.005 
0.3962 0.2181 
0.3964 0.2187 
0 .395 0.220 

5.375 2.960 

2720 2691 

1910 5330 

48 .5 51 .0 

7033 7395 

0.03 0.19 

5590 10133 

48.5 48.5 

7033 7033 

0.03 0.13 

3717 6487 

23.5 21 .5 

3408 3118 

76.5 40.4 

5179 5399 

48.5 51 .0 

72 .82 75.39 

10559 10932 
0.03 0.13 
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Client: Washington River Protection Solutions 

Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 

Contact: Mr. Tom Misiak 

Submitter: Mr. Robert Nelson 

Date Received: June 13, 2014 

Test Results for Non Destructive Evafuatjon 

10/30/2014 - 12:51 PM 

Project No. 395940 

CTLGroup Project Mgr.: J. L. Jones 

Analyst: J. L. Jones 

Approved by: E. Dodge 

Date Analyzed: 06/25/14 to 07/02/14 

Date Reported: July 28, 2014 

ASTM C215, Standard Test Method for Fundamental Transverse, Longitudinal, and Torsional Resonant Frequencies 
of Concrete Specimens 
ASTM C597, Standard Test Method for Pulse Velocity Through Concrete 

Diameter 1, m. 
Diameter 2, m. 
Diameter 3, m . 
Average Diameter, m. 

Cross-Sectional Area , m2 

Length 1, m. 
Length 2, m. 
Average Length, m 

Mass of Core, kg 

Densi mass/volume , k /m3 

Average Transverse Resonant Frequency, Hz 

Dynamic Transverse Modulus of Elasticity, GPa 

Dynamic Transverse Modulus of Elasticity, ksi 

D namic Poisson's Ratio from Transverse E 
Longitudinal Resonant Frequency, Hz 

Dynamic Longitudinal Modulus of Elasticity, GPa 

Dynamic Longitudinal Modulus of Elasticity, ksi 

D namic Poisson's Ratio from Lon itudinal E 

Torsional Resonant Frequency, Hz 

Dynamic Modulus of Rigidity, GPa 

D namic Modulus of Ri id. ksi 

Transit Time (µs) 

Velocity (mis) 

Dynamic Longitudinal E. GPa (as determined in ASTM C215) 

Dynamic E. GPa using Eq. 1 of ASTM C597 

Dynamic E. ksi using Eq. 1 of ASTM C597 
D namic Poisson's Ratio from Lon itudinal E er ASTM C215 

Notes: 
1. This report represents specifically the samples submitted . 
2. This report may not be reproduced except in its entirety. 

#12-2-A 
3679725-01 

0.08355 
0.08357 
0.08348 
0.08353 

0.005 
0.27502 
0.2752 
0.275 

3.795 

2761 

3610 

51 .0 

7395 

0.16 

8053 

49 .5 

7178 

0.13 

5110 

22.0 

3190 

51 .6 

5330 

49.5 

75.39 

10932 
0.13 

#12-2-B #12-2-C 
3679725-02 3679725-03 

0.08348 0.08347 
0.08350 0.08349 
0.08349 0.08344 
0.08349 0.08347 

0.005 0.005 
0.29475 0.25306 
0.29480 0.25301 
0.295 0.255 

3.970 3.435 

2693 2694 

3110 4170 

45.5 48.0 

6598 6960 

0.14 0.17 

7270 8680 

45 .0 48.0 

6525 6960 

0.13 0.17 

4620 5403 

20.0 20.5 

2900 2973 

57.4 48,4 

5135 5229 

45.0 48.0 

68.25 68.53 

9896 9937 
0.13 0.17 

CClfporate Office and laboratory S400 Old Clf ch,rd R~ . kol,~. II 61XJn -l030 

#12-2-D 
3679725-04 

0.08352 
0.08348 
0.08351 
0.08350 

0.005 
0.27384 
0.27369 
0.275 

3.745 

2725 

3550 

48 ,0 

6960 

0.14 

7970 

47 .5 

6888 
0.13 

5080 

21 .0 

3045 

53.0 

5167 

48 .0 

69.93 

10140 
0.13 
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Washington River Protection Solutions, Inc. 
Inspection of Core Segments Obtained from the Sidewall 
of the Single Shell Tank 241-A-106 
CTLGroup Project No. 395940; WRPS Subcontract No. 53751 
Revision 1 

Attachment E 

ASTM C469 and ASTM C39 

August 8, 2014 

Modulus of Elasticity, Poisson' Ratio, and Compressive Strength Results 
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RPP-RPT-58254 

Client: 
Project Name: 

Contact: 

10/30/2014 - 12:51 PM 

Washington River Protection Solutions 
Testing of A-1 06 Sidewall Concrete Cores 
Subcontract No. 53751 
Mr. Tom Misiak 

CTLGroup Project No.: 
CTLGroup Project Mgr. : 
Analyst: 
Approved by: 

395940 
J.L.Jones 
G. Neiweem 
B. Clark 

Submitter: Mr. Robert Nelson 
Date Received: June 13, 2014 

Date Analyzed: 
Date Reported: 

07/07/14 to 07/10/14 
July 28, 2014 

ASTM C42 Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 
Section 7: Cores for Compressive Strength per ASTM C39 

ASTM C469, Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of Concrete In Compression 

Sgeclmen ld1n1iflcation 
CTLGroup lden~ification 3679702 3679703 3679704 
Client Identification Core #2 Core#3 Core #4 
Date Core Obtained from the Field Sn/14 5/8/14 5/8/14 
Date end preparation was completed and 
core was placed in sealed bag 6/26/14 6/26/14 6/26/14 
Date Core was Tested 7/7/14 7f7/14 717/14 

C2ncr1ie Dgs£rlgtlon 
Nominal Maximum Aggregate Size, in. 1.50 1.50 1.50 
Concrete Age at Test > 60 years > 60 years > 60 years 
Moisture Condition at Test perASTM C42 perASTM C42 perASTM C42 
Length of Core, As Drilled , in. 12 1/2 12 1/2 121/4 
Orientation of Core Axis in Structure Vertical Vertical Verticai 
Cylinder End Preparation Capped Capped Capped 

Concrete Dimensions 
Diameter 1, in. 3.28 3.29 3.29 
Diameter 2, in. 3.28 3.28 3.28 
Average Diameter, in. 3.28 3.29 3.29 
Cross-Sectional Area, in2 8.45 8.50 8.50 
Lengt_h Trimmed, in. 6.2 6.2 6.3 
Length Capped, in. 6.5 6.5 6.5 
Density, pcf 159 136 158 

ComQressive Strength, Modulus of Elasticity, Poisson's Ratio and Fracture Pattern 
Maxi~um Load, lb 63,000 80,400 j 79,~00 
Uncorrected Compressive Strength, psi 7,460 9,460 9,390 
Correction Factor 1.00 1.00 1.00 
Corrected Compressive Strength, psi 7,460 9.460 9,390 
Modulus of Elasticity, ksi 4,800 5,350 5,850 
Poisson's Ratio 0.24 0.25 0.27 
Fracture Pattern Type 2 Type 2 Type 2 

Stress vs. Strain Stress vs. Stnln Streu vs. Strain 

6000 6000 6000 

5000 5000 5000 

4000 4000 4000 ·;; ·;; 'ii ... 3000 .,; .. 2000 

... 3000 

.,; 
• 2000 

... 3000 .,; • 2000 Co«t#'4 
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t 
II) 1000 

t 
II) 1000 

t 
II) 1000 

0 

--Longilud".al J 
--;- Tr.ntverse 

200 

Notes: 

400 
mlcrostraln 

600 800 

1. This report may not be reproduced except in its entirety. 

200 400 

mlcro1tnln 
600 800 0 200 400 

mlcroatrain 
600 800 

2. The compressive strength of the samples were determined after obtaining strain values for the modulus of elasticity andfor Poisson's ratio . 
3. Strain measurements were taken to only 38% of the ultimate load for Core #3. 
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Client: Washington River Protection Solutions CTLGroup Project No.: 395940 
Project Name: Testing of A-106 Sidewall Concrete Cores CTLGroup Project Mgr.: J. L. Jones 

G. Neiweem 
B. Clark 

Subcontract No. 53751 Analyst: 

Contact: Mr. Tom Misiak Approved by: 

Submitter: Mr. Robert Nelson Date Analyzed: 07/07/14 to 07/10/14 
July 28, 2014 
August 8, 2014 

Date Received: June 13, 2014 Date Reported : 
Date Revised: 

ASTM C42 Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 
Section 7: Cores for Compressive Strength per ASTM C39 

ASTM C469, Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of Concrete in Compression 

§Rgclmen Identification 
CTLGroup Identification 3679705 367970Ef-01 3679706-02 

· Client Identification Core #5 Core #6-1A Core #6-18 
Date Core Obtained from the Field 5/12/14 5/12/14 5/12/14 
· Date end preparation was completed and 
core was placed in s~aled bag 6/26/14 6/26/14 6/26/14 
Date Core was Tested 717/14 7/7/14 717/14 

Concrete Descrletion 
Nominal Maximum Aggregate Size, in. 1.50 1.50 1.50 
•Concrete Age at Test > 60 years > 60_years > 60 years 
Moisture Condition at Test perASTM C42 perASTM C42 perASTM C42 
Length of Core, As Drilled, in. 12 1/4 21 1/4 21114 
Orientation of Core Axis in Structure Vertical Vertical Vertical 
Cylinder End Preparation Capped Capped Capped 

Concrete Dimensions 
Diameter 1, in. 3.29 3.28 3.28 
Diameter 2, in. 3.29 3.28 3.28 
Average Diameter, in. 3.29 3.28 3.28 
Cross-Sectional Area, in2 8.50 8.45 8.45 
Length Trimmed, in. 6.2 6.2 6.:i 
Length Capped, in. 6.5 6.4 6.5 
Density, pcf 164 163 f63 

ComRresslve Strength, Modulus of Elasticity, Pojsson's Ratio and Fracture Pattern 
M~imum Load, lb 79,600 1 9~,000 · 1 97,400 
Uncorrected Compressive Strength, psi 9,360 1 Q,890 ! 11,530 
Correction Factor 1.00 1.00 I 1.00 
Corrected Compressive Strength, psi 9,360 10,890 I 11,530 
Modulus of Elasticity, ksl 5,600 5,800 5,750 
Poisson's Ratio 0.25 0.27 6.23 
Fracture Pattern Type 2 Type 2 Type 2 

S11HI va. Strain Stress vs. Strain Stra11 va. Strain 

6000 6000 6000 

5000 5000 5000 

4000 4000 ·;; i a. 3000 
,,i 

C«o#S 
,,; .. 2000 .. 

l: -o- Long,tud·nal l: 
"' 1000 "' Transverae 

4000 
ii a. 3000 
,,i 

Core#6-1A .. 2000 
-<>-Loni,tudw,ol l: 

Ill 1000 T,ansnrse 
0 ---- -

0 500 1000 0 500 1000 500 

mlcro1tnln mlcro1traln mlcro1traln 

- ------

Notes: 
1. This report may not be reproduced except in its entirety. 
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2. The compressive strength of the samples were detemiined after obtaining strain values for the modulus of elasticity and/or Poisson's ratio. 
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Client Washington River Protection Solutions 
Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 
Contact: 

CTLGroup Project No.: 
CTLGroup Project Mgr.: 
Analyst: 
Approved by: 

395940 
J.L.Jones 
G. Nelweem 
B. Clark 

Submitter: 
Mr. Tom Misiak 
Mr. Robert Nelson 

Date Received: June 13, 2014 
Date Analyzed: 
Date Reported: 
Date Revised: 

07107114 to 07110/14 
July 28, 2014 
Augusts,2014 

ASTM C42 Standard Test Method for Obtaining and Testing Drilled Corea and Sawed Beams of Concrete 
Section 7: Cores for Compressive Strength per ASTM C39 

ASTM C469, Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of Concrete in Compression 

~ggclmen l~enljflcatlon 
CTLGroup ldentif!?tion 3679707 3679708-01 3679708-02 
Client Identification Core #6-2 Core #7-1A Core #7-1B 
Date Core Obtained from the Field 5/12/14 5/13/14 5/13/14 
Date end preparation was completed and 
core was placed in sealed bag 6/26/14 6/26/14 6126/14 
Date Core was Tested 717/14 7/8/14 7/8/14 

Concrete Dess;rlgtlon 
Nominal Maxim1:1m_Aggregate Size, in. 1.50 1.50 1.50 
Conqete Age at Test > 60 years > 60 }'~ars > ~o years 
Moisture Condition at Test ' perASTM C42 perASTMC42 perASTM C42 
Le~gth of Core, As Drilled, in. 14 23 23 
Orientation of Core Axis in Structure Vertical Vertical Vertical 
Cylinder End Preparation Capped Capped Capped 

Concrete Dimensions 
Diameter 1, in. 3.29 3.28 3.28 
Diameter 2, in. 3.28 3.28 3.28 
Average Diameter, in. 3.29 3.28 3.28 
Cross-Sectional Area, in2 8.50 8.45 8.45 
Len9th Trimmed, in. 6.3 6.0 1 6.3 

t -Length Capped, in. 6.5 6.2 6.5 
Density, pcf 140 .165 165 

Compressive Strength, Modulus of Elasticity. Poisson's Ratio and Fracture Pattern 
·Maximum Load, lb · l 101,800 98,400 100,2Q.0 
Uncorrected Compressive Strength, psi 11 ,980 11,640 11,860 
Correction Factor 1.00 1.00 1.00 
Corrected Compressive Strength, psi 11,980 11 ,640 11,860 

1Modulus of Elasticity, ksl 6,600 5,850 5,100 
Poisson's Ratio 0.23 0.25 0.1·9 
Fracture Pattern Type 2 Type 2 Type 2 

S!RH n . Strain Streu n . Strain Streu n . Strain 

8000 8000 8000 I 
7000 7000 7000 
6000 6000 6000 

ii 5000 i 5000 
Q. 4000 4000 
.,; 

3000 C<njM!-2 
.,; 

3000 . . 
!: 2000 --Longitucl.nal !: 2000 
"' "' 1000 -<'- • Transv~rse 1000 

i 5000 

I 4000 
Core#7-1A 

.,; 
3000 Cort #7-18 ., 

-o- Longiludinll i 2000 -o- LongitUdna! 
"' I Tnina..-.rH 1000 Transverse 

0 0 . 0 
0 500 1000 1500 0 500 1000 1500 0 500 1000 

mlcrostraln microatraln mlcrostraln 

Notes: 
1. This report may not be reproduced except in its entirety. 
2. The compressive strength of the samples were detennined after obtaining strain values for the modulus of elasticity and/or Poisson's ratio. 
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Client: Washington River Protection Solutions 
Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 
Contact: Mr. Tom Misiak 
Submitter: Mr. Robert Nelson 
Date Received: June 13, 2014 

CTLGroup Project No.: 
CTLGroup Project Mgr.: 
Analyst: 
Approved by: 
Date Analyzed: 
Date Reported: 
Date Revised: 

395940 
J.L.Jones 
G. Nelweem 
B. Clark 
07/07/14 to 07/10/14 
July 28, 2014 
August 8, 2014 

ASTM C42 Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 
Section 7: Cores for Compressive Strength per ASTM C39 

ASTM C469, Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of Concrete in Compression 

'ii 
Q, 

: 
t 
II) 

§peclmgn ldgntlfic1tlon 
CTlGroup Identification 3679709-01 3679709-02 3679710 
Client Identification Core #7-2A Core #7-28 Core #7-3 
Date Core Obtained from the Field 5/13/14 si13/14 5/13/14 
Date end preparation was completed and 
core was placed in sealed bag 6/26/14 6/26/14 6126/14 
Date Core was Tested 7/8/14 7/8/14 7/8/14 

Concrete Oescrll!tlon 
Nominal Maximum Aggregate Size. in. 1.50 1.50 1.50 
Concrete Age at Test > 60 years > 60 years > 60 years 
Moisture Condition at Test perASTM C42 perASTM C42 perASTM C42 
Length of Core, As Drilled, in. 20 1/4 20 1/4 14 
Orientation of Core Axis in Structure Vertical Vertical Vertical 
Cylinder End Preparation Capped Capped Capped 

Concrete Dimensions 
Diameter 1, in. 3.28 3.29 3.28 
Diameter 2, in. 3.28 3.29 3.28 
Average Diameter, in. 3.28 3.29 3.28 

Cross-Sectional Area, in2 8.45 8.50 8.45 
length Trimmed, in. 6.2 6.1 6.2 
length Capped, in. 6.4 6.3 6 .5 
Density, pct 169 169 167 

Compressive Strength, Modulus of Elasticity, Poisson's Ratio and Fracture Pattern 
Maximum load, lb 
Uncorrected Compressive Strength, psi 
Correction Factor 
Corrected Compressive Strength, psi 
Modulus of Elasticity, ksl 
Poisson's Ratio 
Fracture Pattern 

Strou vs. Strain 

6000 -l 5000 5000 j 
J 

4000 4000 r 
i : I 3000 

Core #7•2A 
,,; 

2000 • 
---Long;tudml t 

1000 II) 

lranaverH 
0 . O · 

0 500 1000 0 
micros train 

Notes: 
1. This report may not be reproduced except in its entirety. 

93,000 
11,010 

1.00 
11,010 
5,700 
0.21 

Type2 

Sirin vs. Strain 

Core#7•2B 

--o-- Longitudinal 

Transverse 

500 1000 

mlcrostraln 

86,800 
10,210 

1.00 
10,210 
6,150 
0.21 

Type 2 

6000 

5000 

4000 

l 3000 
,i 
• 2000 ! 
II) 1000 

0 

{ 

/__/ 
0 

94,400 
11,170 

1.00 
11,170 
6,3~0 
0.25 

Type 2 

SlnlH vs. Strain 

Coro #7-3 

--- Long,ludinal 

Tran.ver•• 

500 

mlcrostraln 

2. The compressive strength of the samples were determined after obtaining strain values for the modulus of elasticity and/or Poisson's ratio . 
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Client: Washington River Protection Solutions 
Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 
Contact: Mr. Tom Misiak 
Submitter: Mr. Robert Nelson 
Date Received: June 13, 2014 

CTLGroup Project No.: 
CTLGroup Project Mgr.: 
Analyst: 
Approved by: 
Date Analyzed: 
Date Reported: 

395940 
J. L. Jones 
G. Neiweem 
B. Clark 
07/07/14 to 07/10/14 
July 28, 2014 

ASTM C42 Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 
Section 7: Cores for Compressive Strength per ASTM C39 

ASTM C469, Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of Concrete In Compression 

SQ!cimen Identification 
CTLqroup Identification 3679711 3679712 3679713-02 
Client Identification Core #8-1 Core #8-2 Core#8-3B 
Date Core 6btained from the Field 5/14/14 5/14/14 5/14/14 
Date end preparation was completed and 
core was placed in sealed bag 6/26/14 6/26/14 6/26/14 
Date Core was Tested 7/8/14 7i8/14 7/8/14 

Concrete De1cr1etlon 
Nominal Maximum Aggregate Size, in. 1.50 1.50 1.50 
Con_2rete Age at Test > 60 lears > 60 year~. > 60_years 
Moisture Condition at Test I perASTM C42 perASTM C42 perASTM C42 
Length of Core, As Drilled, in. 10 13 1/4 311/4 
Orientation of Core Axis in Structure Vertical Vertical Vertical 
Cylinder End Preparation Capped Capped Capped 

C2ncrete Dimensions 
Diameter 1, in. 3.28 3.28 3.28 
Diameter 2, in. 3.28 3.28 3.28 
Average Diameter, in. 3.28 3.28 3.28 
Cross-Sectional Area, in2 8.45 8.45 8.45 
Length Trimmed, in. 6 .3 6.1 6.2 
Length Capped, in. 6.5 6.4 6.4 
Density, pcf 167 171 170 

Comgressive Strength1 Modulus of Elastici~1 Poisson's Ratio and Fracture Pattern 
Maximum Load. lb 91,800 100,200 97,800 
Uncorrected C~mpressive Strength, psi 10,860 11 ,860 11,570 
Correction Factor 1.00 1.00 1.00 
Corrected Compressive Strength, psi 10,860 11,860 11,_570 
Modulus of Elasticity, ksi 7,050 7,000 6,650 
Poisson's Ratio 0.28 0.30 0.25 
F·racture Pattern Type 2 Type2 Type2 

- ---
StreH vs. Strain Stress vs. Strain Stress vs. Strain 

6000 6000 6000 

5000 5000 5000 

4000 4000 4000 • • ·;; 
Q, 3000 Q, 3000 Q, 3000 ,,; ,,; 

Core #8-2 
.. .. 2000 .. 2000 i 2000 g g --o-Long.tudinll .,, 

1000 
.,, 

1000 
.,, 

1000 T,ana.,.,se 
0 

500 1000 0 500 1000 500 

mlcrostraln mlcrostraln microstrain 

Notes: 
1. This report may not be reproduced except in its entirety. 
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2. The compressive strength of the samples were determined after obtaining strain values for the modulus of elasticity and/or Poisson's ratio . 
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Client: Washington River Protection Solutions 
Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 
Contact: 
Submitter: 

Mr. Tom Misiak 
Mr. Robert Nelson 

Date Received: June 13, 2014 

CTLGroup Project No.: 
CTLGroup Project Mgr.: 
Analyst: 
Approved by: 
Date Analyzed: 
Date Reported: 

395940 
J.L.Jones 
G. Neiweem 
B. Clark 
07/07/14 to 07/10/14 
July 28, 2014 

ASTM C42 Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 
Section 7: Cores for Compressive Strength per ASTM C39 

ASTM C469, Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of Concrete in Compression 

Specimen Identification 
CTLGroup Identification 
Client Identification 
D·ate Core Obtained from the Field 
Date end preparation was completed and 
core was placed in sealed bag 
Date Core was Tested 

Concrete Descril!tion 
Nominal Maximum Aggregate Size, in. 
Concrete Age at Test 
Moisture Condition at Test 
Length of Core, As Drilled, in. 
Orientation of Core Axis in Structure 
Cylinder End Preparation 

Concrete Dimensions 
Diameter 1, in. 
Diameter 2, in. 
Average Diameter, in. 

Cross-Sectional Area, in2 

Length Trimmed, in. 
Length Capped, in. 
Density, pcf 

3679713-03 
Core #8-3C 

5/14/14 

6/26/14 
7/8/14 

1.50 
> 60 years 

perASTM C42 
31 1/4 

Vertical 
Capped 

3.28 
3.28 
3.28 

8.45 
6.2 
6.4 
0 

3679714-01 
Core #9-1A 

5/15/14 

6/27/14 
7/8/14 

1.50 
> 60 years 

perASTM C42 
15 1/2 

Vertical 
Capped 

3.28 
3.28 
3.28 

8.45 
6.2 
6.4 
169 

3679714-02 
Core #9-18 

5/15/14 

6/27/14 
7i8/14 

1.50 
> 60 years 

perASTM C42 
15 1/2 

Vertical 
Capped 

3.28 
3.28 
3.28 

8.45 
6.1 
6.3 
169 

Compressive Strength, Modulus of Elasticity, Poisson's Ratio and Fracture Pattern 
Maximum Load, lb 
Uncorrected Compressive Strength, psi 
Correction Factor 
Corrected Compressive Strength, psi 
Modulus of Elasticity, ksl 
Poisson's Ratio 
Fracture Pattern 

r-·-------
1 SltHI vs. Slfaln 

'ii 
0.. 
,,; -g 
"' 

L 

6000 

5000 

4000 

3000 

2000 

1000 

0 
0 

Notes: 

.[ 

500 
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1000 

6000 . 

5000 

4000 
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• 2000 
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1. This report may not be reproduced except in its entirety. 

89,000 79,400 75,600 
10,530 9,400 8,950 

1.00 1.00 1.00 
10,530 9,400 8,950 
6,550 6,300 6,300 
0.23 0.22 0.22 

Type 2 Type 2 Type2 

- ----
Streu vs. Slfaln S11911 vs. Sttaln 

6000 I 

5000 , 

4000 

Core #9-1A Coreff.18 
_. Long.tudlnol _. Long1tudlllol 

-..... .. Transverso -., Transverse 
O· 

500 1000 0 500 

microatrain mlcroattaln 

2. The compressive strength of the samples were determined after obtaining strain values for the modulus of elasticity and/or Poisson's ratio. 
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Client: Washington River Protection Solutions CTLGroup Project No.: 395940 
J.L. Jones 
G. Nelweem 
8. Clark 

Project Name: Testing of A-106 Sidewall Concrete Corea 
Subcontract No. 53751 

CTLGroup Project Mgr.: 
Analyst: 

Contact: Mr. Tom Misiak Approved by: 
Submitter: Mr. Robert Nelson Date Analyzed : 07/07/14 to 07/10/14 

July 28, 2014 Date Received: June 13, 2014 Date Reported: 

ASTM C42 Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 
Section 7: Cores for Compressive Strength per ASTM C39 

ASTM C469, Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of Concrete In Compression 

iii 
a. .. • ! .,, 

6000 

5000 

4000 

3000 

2000 
1000 

o , 
0 

Notes: 

S1!eclm1n ld1ntlflc1tion 
CfLGroup Identification 3679716-01 3679716-02 3679717 
Client Identification Core#9-3A Core #9-38 Core #9-4 
Date Core Obtained from the Field 5/15/14 5/15/14 5/15/14 
Date end preparation was completed and 
core was placed jn _ se~led bag 6/26/14 6/26/14 6/27/14 
Date Core was Tested 7/9/14 7/9i14 7/9/14 

Concrete De1crll!tion 
Nominal Maximum Aggregate Size, in. 1.50 1.50 1.50 
C~crete Age ~t Test > 60 years > 6Q years > ~Qtears 
Moisture Condition at Test I perASTM C42 perASTM C42 perASTM C42 
Length of Core, As Drilled, in. 231/2 231/2 12 
Orientation of Core Axis in Structure Vertical Vertical Vertical 
Cylinder End Preparation Capped Capped Capped 

Concrete Dimensions 
Diameter 1, in. 3.28 3.28 3.28 
Diameter 2, in. 3.28 3.29 3.28 
Average Diameter, in. 3.28 3.29 3.28 
Cross-Sectional Area, in2 8.45 8.50 8.45 
Length Trimmed, in. 6.1 6.2 6.2 
Length Capped, in. 6.5 6.4 6.5 
Density, pcf 140 ,. 140 169 

Compressive Strength, Modulus of Elasticity, Poisson's Ratio and Fracture Pattern 
Maximum Load, lb I 79,000 81 ,400 71 ,600 
Uncorrected Compressive Strength, psi 9,350 9,580 8,470 
Correction Factor 1 . 00 1. 00 1. 00 
Corrected Compressive Strength, psi 9,350 9,580 8,470 
Modulus of E-lastlclty, ksl 5,800 5,050 5,550 
Poisson's Ratio 0.26 0.18 0.22 

'Fracture Pattern Type 2 Type 2 Type 4 

Sn11 va. Stnln 

Core#9-3A 

-o- Long,tud na1 

-----------
500 

mlcrostnln 
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Snsa vs. Strain 
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1. This report may not be reproduced except in its entirety. 
2. The compressive strength of the samples were determined after obtaining strain values for the modulus of elasticity and/or Poisson's ratio . 
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Client Washington River Protection Solutions CTLGroup Project No.: 395940 
J.L. Jones 
G. Neiweem 
B. Clark 

Project Name: Testing of A-106 Sidewall Concrete·cores 
Subcontract No. 53751 

CTLGroup Project Mgr.: 
Analyst: 

Contact: Mr. Tom Misiak Approved by: 
Submitter: Mr. Robert Nelson Date Analyzed: 07/07/14 to 07/10114 

July 28, 2014 Date Received: June 13, 2014 Date Reported: 

ASTM C42 Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 
Section 7: Cores for Compressive Strength per ASTM C39 

ASTM C469, Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of Concrete in Compression 

i 

Sp1clmen Identification 
CTLGroup Identification 3679718-01 3679718-02 3679719-01 
Client Identification Core #10-1 A Core #10-1 B Core #10-2A 
Date Core Obtained from the Field 5/19/14 5/19/14 5/19/14 
Date end preparation was completed and 
core was placed in sealed bag 6/27/14 6/27/14 6/27/14 
Date Core was Tested 7/9/14 719/14 7i9/14 

C2ncr11!! l2!!Scri1Zli2n 
Nominal Maximum Aggregate Size, in. 1.50 1.50 1.50 
Concrete Age at Test > 60 years > 60 years > 60 years 
Moisture Condition at Test perASTM C42 perASTM C42 perASTM C42 
Length of Core, As Drilled, in. 25 25 24 1/4 
Orientation of Core Axis in Structure Vertical Vertical Vertical 
Cylinder End Preparation Capped Capped Capped 

Cgncrete Dimensions 
Diameter 1, in. 3.29 3.28 3.28 
Diameter 2, in. 3.29 3.29 3.29 
Average Diameter, in. 3.29 3.29 3.29 
Cross-Sectional Area, in2 8.50 8.50 8.50 
Length Trimmed, in. 6.3 6.0 6.2 
Length Capped, in. 6 .5 6.2 6.4 
Density, pcf 171 171 170 

Compressive Strength, Modulus of Elasticity, Poisson's Ratio and Fracture Pattern 
Maximum Load, lb - -81,800 ' 93,400 , 88,600 
Uncorrected Compressive Strength, psi 9,620 10,990 10,420 
Correction Factor 1.00 1.00 1.00 
Corrected Compressive Strength, psi 9,620 10,990 10,420 
Modulus of Eiastlclty, ksl 6, 150 6,650 6,300 
Poisson's Ratio 0.23 0.24 i 0.24 
Fracture Pattern Type 4 Type 2 Type 2 

Streu vs. Strain Stress vs . Strain StreH vs. Strain 

6000 6000 

5000 

4000 I .; 
Q. 

=1 4000 

5000 

4000 
•• I .; 

Q. 3000 
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__. Loog,tudinal j Core ,10.18 
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Notes: 
1. This report may not be reproduced except in its entirely. 
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2. The compressive strength of the samples were determined after obtaining strain values for the modulus of elasticity and/or Poisson's ratio. 
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Client: Washington River Protection Solutions CTLGroup Project No.: 395940 
J.L.Jones 
G. Nelweem 
e. Clark 

Project Name: Testing of A-106 Sidewall Concrete Cores 
Subcontract No. 53751 

CTLGroup Project Mgr.: 
Analyst: 

Contact: 
Submitter: 

Mr. Tom Misiak 
Mr. Robert Nelson 

Approved by: 
Date Analyzed: 

Date Received: June 13, 2014 Date Reported: 
07/07/14 to 07/10/14 
July 28, 2014 

ASTM C42 Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 
Section 7: Cores for Compressive Strength per ASTM C39 

ASTM C469, Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of Concrete In Compression 

Notes: 

S12_eclm1n ldenilflc1tlon 
CTLGroup Identification 3679719-02 3679722-01 3679722-02 
Client Identification Core #10-28 Core#11-1A Core #11-18 
Date Core Obtained from the Field 5/19/14 5/20/14 5/20/14 
Date end preparation was completed and 
cor_! was placed in sealed bag 6/27/14 6/27/14 6/27/14 
Date Core was Tested 7/9/14 7/9/14 7/9/14 

Csza£r!l! D!§crlatlon 
Nominal Maximum Aggregate Size, in. 1.50 1.50 1.50 
C_oncrete Age at Test > 60 years > 60 years > 60 years 
Moisture Condition at Test perASTM C42 per ASTM C42 perASTM C42 
Length of Core, As D~lled, in. 24 1/4 25 25 
Orientation of Core Axis in Structure Vertical Vertical Vertical 
Cylinder End Preparation Capped Capped Capped 

Concrete Dimensions 
Diameter 1, in. 3.28 3.28 3.28 
Diameter 2, in. 3.29 3.28 3.29 
Average Diameter, in. 3.29 3.28 3.29 
Cross-Sectional Area, in2 8.50 8.45 ~ 8.50 
Length Trimmed, in. 6.1 6.1 6.1 
Length Capped, in. 6.3 6.4 6.4 
Density, pcf 140 168 170 

Comeressive Strength. Modulus of Elasticity, Poisson's Ratio and Fracture Pattern 
Maximum Load, lb 69,000 69,000 82,800 
Uncorrected Compressive Strength, psi 8,120 8,170 9,740 
Correction Factor 1 . 00 1. 00 1. 00 
Corrected Compressive Strength, psi l 8,120 8,170 9,740 
Modulus of Elasticity, ksl 5,450 6,100 6,250 
Poisson's Ratio 0.25 0.32 0.27 
Fracture Pattern Type 4 Type 2 Type 4 

------- ~---
SnH vs. Stnln 
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1. This report may not be reproduced except in its entirety. 
2. The compressive strength of the samples were detennined after obtaining strain values for the modulus of elasticity and/or Poisson's ratio. 
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Client: Washington River Protection Solutions CTLGroup Project No.: 395940 
Project Name: Testing of A-106 Sidewall Concrete Cores 

Subcontract No. 53751 
CTLGroup Project Mgr.: 
Analyst: 

J . L. Jones 
G. Neiweem 
B. Clark Contact: Mr. Tom Misiak Approved by: 
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Notes: 

Sgeclmen Identification 
CTLGroup Identification 3679723-01 3679723-02 3679724 
Client Identification Core #11-2A Core #11-28 Core #11-3 
Date Core Obtained from the Field 5/20/14 5/20/14 5/20/14 
Date end preparation was completed and 
core was placed i_n sealed bag 6/27/14 6/27/14 6/27/14 
Date Core was Tested 7/9/14 7/9/14 7/9/14 

Cgncrete Descrletlon 
Nominal Maximum Aggregate Size, in. 1.50 1.50 1.50 
Concrete Age at Test > 60 years > 60 years > 60 y~ars 
Moisture Condition at Test per ASTM C42 per ASTM C42 perASTMC42 
Len~th of Core, As Drilled, in. 24 24 10 3/4 
Orientation of Core Axis in Structure Vertical Vertical Vertical 
Cylinder End Preparation Capped Capped Capped 

Concrete Dimensions 
Diameter 1, in. 3.29 3.28 · 3.28 
Diameter 2, in. 3.28 3.29 3.29 
Average Diameter, in. 3.29 3.29 3.29 
Cross-Sectional Area, in2 8.50 8.50 8.50 
Length Trimmed, in. 6.2 6.1 6.1 
Length Capped, in. 6.4 6.3 6.3 
Density, pcf 170 170 168 

Compressive Strength, Modulus of Elasticity, Poisson's Ratio and Fracture Pattern 
Maximum Load, lb 102,200 92,200 I 96,400 
Uncorrected Compressive Strength, psi 12,020 10,850 I 11 ,340 
Correction Factor 1. 00 1. 00 1. 00 
Corrected Compressive Strength, psi 12,020 10,850 11 ,340 
Modulus of Elasticity, ksl 10,200 7,150 6,750 
Poisson's Ratio 0.37 0.32 0.30 
Fracture Pattern Type 2 Type 2 Type 2 
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2. The compressive strength of the samples were determined after obtaining strain va lues for the modulus of elasticity and/or Poisson's ratio. 
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Specimen Identification 
CTLGroup Identification 
Client Identification 
Date Core Obtained from the Field 
Date end preparation was completed and 
core was placed in sealed bag 
Date Core was Tested 

Concrete Descrletlon 
Nominal Maximum Aggregate Size, in. 
Concre_te Age at Test 
Moisture Condition at Test 
Length of Core, As Drilled, in. 
Orientation of Core Axis in Structure 
Cylinder End Preparation 

Concrete Dimensions 
Diameter 1, in. 
Diameter 2, in. 
Average Diameter. in. 
Cross-Sectional Area, in2 

Length Trimmed, in. 
Length Capped, in. 
Density, pcf 

3679725-04 
Core #12-20 

5/20/14 

6/26/14 
7/10/14 

1.50 
> 60 years 

perASTM C42 
49 1/2 

Vertical 
Capped 

3.29 
3.29 
3.29 
8.50 
6.3 
6.5 
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Core #13-1 
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8.50 
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4.4 
168 

Compressive Strength, Modulus of Elasticity. Poisson's Ratio and Fracture Pattern 
Maximum Load, lb 100,8_00 54,600 I 55,800 
Uncorrected Compressive Strength, psi 11 ,860 6,420 j 6,_560 
Correction Factor 1.00 1.00 0.94 
Corrected Compressive Strength, psi 11 ,860 6,420 6,167 
Modulus of Elasticity, ksi 6,750 Not measured Not measured 
Poisson's Ratio 0.24 Not measured Not measured 
Fracture Pattern Type 2 Type 4 Type 2 
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1. This report may nol be reproduced except in its entirety. 
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2. The compressive strength of the samples were detennined after obtaining strain values for the modulus of elasticity and/or Poisson's ratio . 
3. The modulus of elasticity and Poisson's ratio were not measured for Samples #13-1 and #13-4. Sample #13-1 exhibited a vertical crack, and 

Sample #13-4 did not meet the minimum height requirement of ASTM C469. 
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REPORT OF PETROGRAPHIC EXAMINATION 

Date: July 28, 2014 

Revised Date: August 8, 2014 

CTLGroup Project No.: 395940 

Petrographic Examination of Cores from WRPS A-106 Sidewall Concrete Core Inspection 

and Testing Project 

Fifteen concrete cores (see Table 1} were received from Ms. Joni Jones, CTLGroup Engineer, 

on behalf of Washington River Protection Solutions, LLC, Richland, Washington. The cores 

reportedly represent segments of one long concrete core obtained from the reinforced concrete 

sidewall of the Single-Shell Tank, 241 -A-106, Hanford Site, Richland, Washington. Based upon 

available information , the concrete tank is at least fifty years old and possibly older. 

Petrographic examination, ASTM C856, of the cores was requested, to evaluate the properties 

and condition of the concrete. This report presents the details and results of the petrographic 

examination of the fifteen concrete cores. 

TABLE 1 INITIAL CORE INFORMATION 

Approximate 
Images of 

Approximate 
Images of 

Submitted Cores Submitted Core 
Core ID Depth Within (Located In Core ID Depth Within 

(Located in Main Core 
Appendix A) 

Main Core 
Appendix A) 

#1 o to 0.47 feet Fig. 1 #10-3 26.0 to 26.4 feet Fig. 24 

#4 2.6 to 3.6 feet Fig. 7 #10-4 26.4 to 26.8 feet Fig. 26 

#7-1 C 8.9 to 9.5 feet Fig. 9 # 11-2 C 30.2 to 30.8 feet Fig. 28 

#7-3 11.2 to 12.3 feet Fig. 11 #12-2 B 33.2 to 33.7 feet Fig. 30 

#8-3A 14.3 to 14.9 feet Fig. 13 #12-3 35.9 to 36.5 feet Fig. 32 

#9-2 18.2 to 18.9 feet Fig. 15 #13-2 37.1 to 37.4 feet Fig. 34 

#9-3 C 20.2 to 20.9 feet Fig. 20 reported construction joint in main core 

#10-1 C 23.2 to 24.0 feet Fig. 22 #13-3 37.4 to 37.8 feet Fig. 36 

Aus n. TX • Chic.go, IL • NapeN1lle. IL 
Corporal Olfoce 400 Old Orchard Road. Skokoe. IL 60077-1030 P 847-965-7500 f 847-965-6541 www CTLGroup com 

CTLGro..p is a reg, t_,.d d.b'a of Construction Technology Laboratone5. Inc 

213of365 



RPP-RPT-58254 10/30/2014 - 12:51 PM 

Washington River Protection Solutions, LLC 
WRPS A-106 Sidewall Concrete Core Inspection & Testing 
CTLGroup Project No. 395940 

SUMMARY 

Page 2 of 5 
July 28, 2014 

The concrete through the depth of the main core exhibits fairly consistent characteristics, with 

some slight differences locally. Within the individually examined core segments, the concrete 

appears to be in good condition overall. However, many core segments were received with a 

fractured end surface; it is not certain if these fractures were pre-existing or a result of the core 

extraction process, or both. The concrete is composed of siliceous natural gravel coarse 

aggregate and natural sand fine aggregate uniformly distributed in a portland cement paste 

binder. The paste appears to be of good quality, although some degree of paste alteration was 

observed. A small amount of secondary ettringite was observed, as well as leaching of calcium 

hydroxide from the paste, indicating some degree of moisture movement over time. Only one 

crack and a very few microcracks were observed in the examined core segments, the cause(s) 

for which were not discerned petrographically. A very minor degree of alkali-silica reaction 

(ASR) has occurred in the concrete; however, no deterioration, i.e., no associated cracks or 

microcracks, was observed. The air content in the concrete is low, generally estimated at 1 to 

3%. 

FINDINGS 

The main findings of the petrographic examination are presented below. As-received 

photographs, photomicrographs, and additional observations are presented in Appendix A, 

which includes a petrographic data sheet for each of the fifteen core segments examined. 

The outer surface of Core #1 is a rough-textured concrete surface, which is partially covered 

with a dark brown, bituminous-like coating, up to 2-mm thick. The paste is carbonated to a depth 

of 1 to 1.5 mm along this surface. 

A construction joint was reportedly located between Cores #13-2 and #13-3. The outer surface 

of Core #13-3 is an irregular concrete surface. The paste is carbonated to a depth of 1 to 4 mm 

along this surface. The concrete on both sides of the construction joint appear similar to each 

other. 

The coarse aggregate in the concrete is rounded to subangular natural gravel consisting mainly 

of basalt, with lesser amounts of other igneous and metamorphic rocks. Cryptocrystalline to 

glassy nodules are common in the basalt. (See Figs. 2, 3, 17, and 38.) 
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The fine aggregate in the concrete is natural sand consisting mainly of metaquartz grains, with 

lesser amounts of other various igneous and metamorphic rocks and minerals, which include 

cryptocrystalline to glassy particles. In Core #1 many of the sand particle rims exhibit a red­

brown color; in some areas the rims appear to be altered material, but in other areas the rims 

appear to be a coating (Figs. 4 and 5) . The cause for these rims was not discerned 

petrographically; however, their occurrence does not appear to have affected the overall 

properties or performance of the concrete. 

The paste in the concrete contains residual portland cement grains; no supplementary 

cementitious materials were observed. The paste is generally hard to moderately hard 

throughout the examined cores, except in Core #13-2 the paste is moderately hard to locally 

moderate in some areas. The paste-to-aggregate bond is generally moderately tight to tight, 

except in Cores #1 and #4 the bond is moderately weak to moderate, and is moderately tight to 

moderate in Cores C#13-2 and f,#13-3. 

The paste exhibits some unusual optical properties. As observed in thin section, the paste is an 

unusual light red-brown color, and the residual portland cement grains are tinted the same hue. 

The paste has an unusual "gritty" appearance, which suggests alteration or "aging· of the paste. 

Also observed in thin section, the paste is amorphous, i.e., very little calcium hydroxide crystals 

were observed . Calcium hydroxide has likely been leached from the paste over time. Secondary 

ettringite deposits present in voids indicates some amount of moisture migration through the 

concrete. Such moisture migration would also leach calcium hydroxide from the paste. Still, 

despite the unusual optical properties, the paste hardness and bond to the aggregate (hard to 

moderately hard, moderately tight to tight) indicate a good quality paste. (See Figs. 5, 18, 19, 

39, and 40.) 

The cores exhibit a very small amount of cracking. All cracks and microcracks observed in the 

cores are described as follows: 

• Cracks. 

o One crack is present in the deepest core segment, Core #13-3. The crack is 

located 1 in. from the deepest end of the core (Fig. 36a and 37). The cause for 

the crack was not discerned petrographically but may possibly have resulted 

from the core extraction. 
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o Many end surfaces of the core segments were received fractured . The cause for 

these fractures, whether pre-existing or a result of the core extraction process, 

or both, was not discernable petrographically. 

• Microcracks. Of the fifteen core segments examined, microcracks were observed in only 

four cores. The cause for the microcracks was not discerned petrographically; however, 

they do not appear to be the result of deleterious reactions within the concrete. The 

microcracks are described as follows: 

o Core #7-3. Two relatively short microcracks were observed. One of the 

microcracks partially circumscribes a coarse aggregate particle. The other 

microcrack is approximately 1.2 in. long and passes mainly around, but through 

one, aggregate particle. (See Fig. 12.) 

o Core #10-4. Two microcracks were observed. One microcrack extends 

longitudinally through the core for a distance of 4.5 in., passing through a large 

coarse aggregate particle. The other microcrack extends longitudinally through 

the concrete for a distance of 0.8 in. (See Fig. 27.) 

o Core #12-3. One microcrack is present, extending longitudinally through the 

entire length of the core, passing through a few aggregate particles. (See Fig. 

33.) 

o Core #13-2. Two microcracks are present, parallel to each other and at an angle 

in the core. (See Fig. 35.) 

A very minor degree of ASR has occurred in the concrete. However, no associated deterioration 

(cracks or microcracks) was observed in any of the cores. Several isolated deposits of ASR gel 

are present in some of the cores; they are observed lining air voids but not filling them. The 

actual rock or mineral type involved in the reaction was not observed, due to the small degree of 

the reaction, however, potentially highly reactive rock and mineral types in the concrete include 

the cryptocrystalline to glassy particles and particles with strained quartz. The degree of ASR is 

considerably less than would be expected, considering the potential reactivity of these rock 

types. Given the age of the concrete and current degree of ASR, further reaction and/or 

associated expansion is deemed unlikely. (See Figs. 6, 17, and 39.) 

The concrete has a low air content, generally within the range of 1 to 3%, and locally as high as 

4% in Cores #1 and #10-4. 
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METHODS OF TEST 
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July 28, 2014 

Petrographic examination of the fifteen cores was performed in accordance with ASTM C856-

13, "Standard Practice for Petrographic Examination of Hardened Concrete." Long and short 

core segments, as presented in Table 1, were submitted to the laboratory and were visually 

inspected and photographed. Some of the submitted cores were trimmed transversely, 

resulting in smaller core segments for petrographic examination. The fifteen examined cores 

were cut in half longitudinally, and one of the resulting saw-cut surfaces from each core was 

ground (lapped) to produce a smooth, flat, semi-polished surface. Lapped and freshly broken 

surfaces of the concrete were examined using a stereomicroscope at magnifications up to 45X. 

For thin-section study, a small rectangular block was cut from the outer 36 mm (1 .4 in.) of Cores 

#1, #9-2, and #13-3; and one side of each block was lapped to produce a smooth , flat surface. 

The blocks were cleaned and dried, and the prepared surfaces were mounted on ground glass 

microscope slides with epoxy. After the epoxy hardened, the thickness of the mounted blocks 

was reduced to approximately 20 µm (0.0008 in.). The resulting thin sections were examined 

using a polarized-light (petrographic) microscope at magnifications up to 400X to study 

aggregate and paste mineralogy and microstructure. 

For selected core segments, depth and pattern of paste carbonation was determined by altered 

paste color and application of a pH indicator solution (phenolphthalein) to freshly cut or fractured 

concrete surfaces. The solution imparts a deep magenta stain to high pH, non-carbonated 

paste. Carbonated paste does not change color. 

Jean L. Randolph 
Senior Petrographer and Group Manager 
Petrography Group 

JLR/ 

Notes: 1. Results refer specifically to the samples submitted. 
2. This report may not be reproduced except in its entirety. 
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APPENDIX A - Petrographic Data Sheets 

Appendix A 
July 28, 2014 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241-A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 1) 

Client Identification: Core #1 . 

CTLGroup Identification: 3679701 . 

DA TE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter = 83 mm (3.25 in.). Core length = 140 to 172 mm (5.5 to 6 .8 in .); 
partial structure thickness, full length of submitted core. 

Outer Core End: Rough-textured concrete surface; partially covered with a dark brown, 
bituminous-like coating, up to 2-mm {0.08-in.) thick. 

Inner Core End: Fractured concrete surface, passing around aggregate particles. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 2) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass {Fig. 3). Some basalt particles have a dark glassy-like matrix with laths of feldspar. 
As observed in thin section, some of the quartz in the metagranite and quartzite exhibits 
moderate to high optical strain. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. As observed in 
thin section under plane-polarized light, many of the particle rims exhibit a dull, light-medium 
red-brown color, which is similar in hue to the color of the paste; in some areas the rims 
appear to be altered material, but in other areas the rims appear to be a coating (Figs. 4 and 
5). 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 28 mm 
{1.1 in.) . 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine-Angular to rounded, equant to 
elongate in shape; uniform distribution. 
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PASTE 

Color: Pale gray. 

Hardness: Hard to moderately hard. 

Luster: Subvitreous to dull. 

Paste-Aggregate Bond: Moderately weak to moderate. 

Appendix A 
Page 2 of 70 

July 28, 2014 

Air Content: Estimated 2 to 4%. Small, spherical air voids are present throughout concrete. 

Depth of Carbonation: 1 to 1.5 mm (0.04 to 0.06 in.) along outer core surface. 

Paste Appearance in Thin Section: In plane-polarized light paste has a faint red-brown 
coloration (Fig. 5). 

Calcium Hydroxide*: Possibly 1 to 2%. Majority of the paste in thin section is amorphous 
(Fig. Sb). 

Residual Portland Cement Clinker Particles•: Estimated 1 to 3%. As observed in thin 
section under plane-polarized light, the residual portland cement grains exhibit a light red­
brown color, similar in hue to the color of the paste (Fig. 5a). 

Supplementary Cementltious Materials•: None observed. 

Secondary Deposits: Several deposits of ASR gel are observed, lightly coating several air 
voids (Fig. 6). Small amount of ettringite observed. 

MICROCRACKING: None observed. 

ESTIMATED WATER-CEMENT RATIO: Not estimated, due to the reported age of the 
concrete. 

*percent by volume of paste 
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1a. Outer core end. 

1 b. Side view of core. Outer core end is at left. 

Fig. 1 Core #1, as submitted to the laboratory. 

Appendix A 
Page 3 of70 

July 28, 2014 
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Fig. 2 Lapped, cross-sectional (longitudinal) concrete surface of Core #1. 
Core outer end is at left. 

The coarse aggregate in the concrete is a rounded to subangular 
natural gravel consisting mainly of basalt. 
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3a. Plane-polarized light. The white laths are feldspar crystals. Red arrows 
point to a pale orange mineral, which appears glassy in plane-polarized 
light. 

3b. Under crossed-polarized light, the pale orange mineral appears 
cryptocrystalline, optically similar to chalcedony. 

Fig. 3 Thin section photomicrographs of a basalt particle in Core #1. Both 
images show the same field of view but under different lighting. The 
mineralogy and characteristics of this particle are typical of the basalt 
particles in the fifteen cores examined petrographically. Length of view, 
left to right, is approximately 2.1 mm (0.083 in .). 
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4a. Plane-polarized light. A light-medium red-brown rim is present around a fine 
aggregate particle, which is similar In hue to the color of the surrounding 
paste. The rim appears to be altered material, or possibly a coating. 

4b. Crossed-polarized light. 

Fig. 4 Thin section photomicrographs of a fine aggregate particle In Core #1. 
Both images show the same field of view but under different lighting. 
Length of view, left to right, is approximately 2.1 mm (0.083 in.). 
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Sa. Plane-polarized light. The paste matrix has a light red-brown hue. Red 
arrows depict a rim around a fine aggregate particle, which appears to be 
alteration. Blue arrows depict several residual portland cement grains, 
which also have a light red-brown hue. 

Sb. Crossed-polarized light. The paste matrix is predominantly amorphous; 
very few calcium hydroxide crystals are present. 

Appendix A 
Page 7 of70 

July 28, 2014 

Fig. S Thin section photomicrographs of Core #1, illustrating microfeatures in 
the concrete. Both images show the same field of view but under different 
lighting. Length of view, left to right, is approximately 0.84 mm (0.033 In.). 
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6a. Plane-polarized light. 

6b. Crossed-polarized light. 

Fig. 6 Thin section photomicrographs of Core #1, illustrating a secondary 
deposit (red arrows) lining an air void. The deposit appears to be ASR 
gel , which has darkened over time. Both images show the same field of 
view but under different lighting. Length of view, left to right, is 
approximately 0.84 mm (0.033 in.). 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241 -A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 7) 

Client Identification: Core #4. 

CTLGroup Identification: 3679704. 

DATE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Length of examined segment = 107 mm 
(4.2 in.); partial structure thickness, partial submitted core length. 

Outer Core End: Saw-cut surface. 

Inner Core End: Saw-cut surface. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 8) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 15 mm 
(0.6 in .). 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Pale gray. 

Hardness: Hard to moderately hard. 

Luster: Subvitreous to dull. 
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Paste-Aggregate Bond: Moderately weak to moderate. 
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Air Content: Estimated 2 to 3%. Small, spherical air voids are present throughout concrete. 

Secondary Deposits: One deposit of ASR gel observed, lightly coating an air void . Ettringite 
lightly lines some air voids. 

MICROCRACKING: None observed. 
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7a. Side view of core. Core outer 
end is at left. 

7b. One end of core. 

7c. Other end of core. 

Fig. 7 Core #4, as submitted to the laboratory. 
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Fig. 8 Lapped, cross-sectional (longitudinal) concrete surface of 
examined segment of Core #4. Orientation of examined segment 
was not indicated. 

The coarse aggregate in the concrete is a rounded to subangular 
natural gravel consisting mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241-A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 9) 

Client Identification: Core #7-1 C. 

CTLGroup Identification: 3679708-03. 

DATE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Core length= 155 mm (6.1 in.); partial 
structure thickness, full length of submitted core. 

Outer Core End: Saw-cut concrete surface. 

Inner Core End: Fractured concrete surface, passing around and through aggregate 
particles. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 10) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 25 mm 
(1 .0 in.). 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine-Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Very light gray to off-white. 

Hardness: Hard to moderately hard. 
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Luster: Subvitreous to almost dull. 

Paste-Aggregate Bond: Tight to moderately tight. 
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Air Content: Estimated 2 to 3%. Small, spherical air voids are present throughout concrete. 

Secondary Deposits: One deposit of ASR gel observed. Ettringite very lightly lines many air 
voids. 

MICROCRACKING: None observed. 
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9a. Side view of core. 

9b. Inner core end, after being saw-cut vertically. 

Fig. 9 Core #7-1C, as submitted to the laboratory. 
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Fig. 10 Lapped, cross-sectional (longitudinal) concrete surface of Core 
#7-1 C. Core outer end is at left. 

The coarse aggregate is a rounded to subangular natural gravel 
consisting mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241-A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 11) 

Client Identification: Core #7-3. 

CTLGroup Identification: 3679710. 

DATE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Length of examined segment= 127 mm 
(5.0 in.); partial structure thickness, partial submitted core length. 

One Core End: Saw-cut surface. 

Other Core End: Saw-cut surface. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 12) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 33 mm 
(1 .3 in.) . 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded , equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: light gray. 

Hardness: Hard. 

Luster: Subvitreous. 
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Paste-Aggregate Bond: Tight to moderately tight. 

Air Content: Estimated 1 to 2%. 
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Secondary Deposits: One deposit of ASR gel observed. Ettringite lightly lines many air 
voids. 

MICROCRACKING: One microcrack partially circumscribes a coarse aggregate particle. 
Another microcrack extends from one core end, longitudinally into the concrete to a depth of 
30 mm (1.2 in.), passing mainly around, but through one, aggregate particles. (Fig. 12.) 
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11 a. Side view of core. Outer 
core end is at left. 

11 b. Outer core end. 

11c. Inner core end. 

Fig. 11 Core #7-3, as submitted to the laboratory. 
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Fig. 12 Lapped, cross-sectional (longitudinal) concrete surface of 
examined segment of Core #7-3. Orientation of examined segment 
was not indicated. 

The two relatively short microcracks were observed on the lapped 
concrete surface. The microcracks were highlighted with red 
marker, to accentuate their visibility in the image. The actual 
microcracks are much narrower than the tracings. 

The coarse aggregate Is a rounded to subangular natural gravel 
consisting mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241-A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig . 13) 

Client Identification: Core #8-3 A. 

CTLGroup Identification: 3679713-01. 

DATE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Core length= 173 to 178 mm (6.8 to 7.0 in.); 
partial structure thickness, full length of submitted core. 

Outer Core End: Irregular, possibly fractured, concrete surface, coated with coring debris, 
passing around aggregate particles. 

Inner Core End: Fractured concrete surface, passing around and through aggregate 
particles. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 14) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 20 mm 
(0.8 in.). 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Light-medium gray. 

Hardness: Hard . 
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Luster: Subvitreous. 

Paste-Aggregate Bond: Tight to moderately tight. 
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Air Content: Estimated 2 to 3%. Small, spherical air voids are present throughout concrete. 

Secondary Deposits: Ettringite lightly lines many air voids. 

MICROCRACKING: None observed. 
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13a. Side view of core. Outer 
core end is at left. 

13b. Inner core end. 

13c. Outer core end, which is 
covered with coring debris. 

Fig. 13 Core #8-3 A, as submitted to the laboratory. 
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Fig. 14 Lapped, cross-sectional (longitudinal) concrete surface of Core #8-
3A. Core outer end is at left. 

The coarse aggregate in the concrete Is a rounded to subangular 
natural gravel consisting mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241-A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 15) 

Client Identification: Core #9-2. 

CTLGroup Identification: 3679715. 

DATE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Length of examined segment= 180 mm 
(7.1 in.); partial structure thickness, partial submitted core length. 

Outer Core End: Saw-cut surface. 

Inner Core End: Saw-cut surface. 

Cracks, Joints, Large Voids: One large void up to 13 mm (0.5 in.) in diameter is present in 
the core. No cracks or joints were observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 16) 

Coarse: Natural gravel consisting of mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite (Fig. 17); and a few other rocks. The basalt particles generally 
contain numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as 
chalcedony and glass. Some basalt particles have a dark glassy-like matrix with laths of 
feldspar . As observed in thin section, some of the quartz in the metagranite and quartzite 
exhibits moderate to high optical strain. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloids unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. As observed in 
thin section under plane-polarized light, several of the particle rims exhibit a dull, light-medium 
red-brown color, which is similar in hue to the color of the paste; in some areas the rims 
appear to be altered material, but in other areas the rims appear to be a coating. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 23 mm 
(0.9 in.). 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded, equant to 
elongate in shape; uniform distribution. 
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PASTE 

Color: Pale beige-gray to light gray. 

Hardness: Moderately hard. 

Luster: Subvitreous to dull. 

Paste-Aggregate Bond: Tight to moderately tight. 
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Air Content: Estimated 1.5 to 2.5%. Small, spherical air voids are present throughout 
concrete. 

Depth of Carbonation: 1 to 1.5 mm (0.04 to 0.06 in.) along outer core end. 

Paste Appearance in Thin Section: In plane-polarized light the paste matrix has a light red­
brown color. Mottled areas of the paste are common; they are medium red-brown and appear 
"gritty," or altered, and are commonly observed adjacent to aggregate particles. (Figs. 18 and 
19.) 

Calcium Hydroxide*: Possibly 1 to 2%. Majority of the paste in thin section is amorphous 
(Figs. 18b and 19b). 

Residual Portland Cement Clinker Particles•: Estimated 1 to 3% (Fig. 19a). 

Supplementary Cementltious Materials*: None observed. 

Secondary Deposits: Several deposits of ASR gel observed. Ettringite lightly lines many air 
voids. 

MICROCRACKING: None observed. 

ESTIMATED WATER-CEMENT RA TIO: Not estimated, due to the reported age of the 
concrete. 

•percent by volume of paste 
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15a. Core side view. Outer core 
end is at left. 

15b. One core end. 

15c. Other core end. 

Fig. 15 Core #9-2, as submitted to the laboratory. 
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Fig. 16 Lapped, cross-sectional (longitudinal) concrete surface of 
examined segment of Core #9-2. Core outer end Is at left. 

The coarse aggregate in the concrete Is a rounded to subangular 
natural gravel consisting mainly of basalt. 
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WRPS A-106 Sidewall Concrete Core Inspection & Testing 
CTLGroup Project No. 395940 

-

17a. Plane-polarized light. 

17b. Crossed-polarized light. Red arrows point to a large quartz crystal 
showing moderately high optical strain. 

Fig. 17 Thin section photomicrographs of a quartzite coarse aggregate particle 
in Core #9-2, which is typical of such particles in the fifteen cores 
examined petrographically. Both images show the same field of view 
but under different lighting. Length of field, left to right, is 
approximately 2.1 mm (0.083 in.). 
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18a. Plane-polarized light. The paste matrix exhibits a mottled, gritty 
appearance. 

18b. Crossed-polarized light. The paste is amorphous; no calcium hydroxide 
crystals were observed. 

Fig. 18 Thin section photomicrographs of the paste matrix in Core #9-2. Both 
images show the same field of view but under different lighting. Length 
of field , left to right, is approximately 2.1 mm (0.083 in.). 
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19a. Plane-polarized light. Blue arrows point to several residual portland 
cement grains, which have an orange skeletal coloration. The paste matrix 
is mottled a dark "gritty" brown. 

19b. Crossed-polarized light. The paste Is predominantly amorphous; very little 
calcium hydroxide Is observed. 

Fig. 19 Thin section photomicrographs of the paste matrix in Core #9-2. Both 
images show the same field of view but under different lighting. Length 
of field, left to right, is approximately 0.84 mm (0.033 in.). · 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241-A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 20) 

Client Identification: Core #9-3 C. 

CTLGroup Identification: 3679716-03. 

DATE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Length of examined segment= 221 mm 
(8.7 in.); partial structure thickness, partial submitted core length. 

One Core End: Saw-cut concrete surface. 

Other Core End: Fractured concrete surface, passing through and around aggregate 
particles. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 21) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 23 mm 
(0.9 in .) . 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine-Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Pale beige to off white. 

Hardness: Moderately hard. 
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Luster: Subvitreous to dull. 

Paste-Aggregate Bond: Tight. 

Air Content: Estimated 2 to 3%. 
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Secondary Deposits: One deposit of ASR gel observed, very lightly coating an air void. 
Ettringite very lightly lines many air voids. 

MICROCRACKING: None observed. 
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20a. Side view of core. Core 
outer end is at left. 

20b. One core end. 

20c. Other core end, after core 
was cut longitudinally. 

Fig. 20 Core #9-3 (which includes segments #9-3 A, #9-3 B, and #9-3 C), as submitted to the 
laboratory. 
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Fig. 21 Lapped, cross-sectional (longitudinal) concrete surface of 
examined segment of Core #9-3 C. Orientation of examined 
segment was not indicated. 

The coarse aggregate in the concrete is a rounded to subangular 
natural gravel consisting mainly of basalt. 

Appendix A 
Page 35 of 70 
July 28, 2014 

253 of 365 



RPP-RPT-58254 10/30/2014 -12 :51 PM 

Washington River Protection Solutions, LLC 
WRPS A-106 Sidewall Concrete Core Inspection & Testing 
CTLGroup Project No. 395940 

Appendix A 
Page 36 of 70 
July 28, 2014 

PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241 -A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig . 22) 

Client Identification: Core #10-1 C. 

CTLGroup Identification: 3679718-03. 

DA TE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Core length = 216 mm (8.5 in.); partial 
structure thickness, full length of submitted core. 

Outer Core End: Saw-cut concrete surface. 

Inner Core End: Fractured concrete surface, passing through and around aggregate 
particles. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig . 23) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 28 mm 
(1 .1 in.). 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Pale beige to off white. 

Hardness: Moderately hard. 
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Luster: Subvitreous to dull. 

Paste-Aggregate Bond: Moderately tight to tight. 

Air Content: Estimated 1 to 2%. 

Secondary Deposits: Small amount of ettringite observed. 

MICROCRACKING: None observed. 
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22a. Side view of core. Core outer 
end is at right. 

22b. Inner core end. 

22c. Outer core end, after core 
was saw-cut in half 
longitudinally. 

Fig. 22 Core #10-1 C, as submitted to the laboratory. 

256 of 365 



RPP-RPT-58254 10/30/2014 - 12:51 PM 

Washington River Protection Solutions, LLC 
WRPS A-106 Sidewall Concrete Core Inspection & Testing 
CTLGroup Project No. 395940 

Fig. 23 Lapped, cross-6ectional (longitudinal) concrete surface of Core 
#10-1C. Core outer end Is at left. 

The coarse aggregate in the concrete is a rounded to subangular 
natural gravel consisting mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241-A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 24) 

Client Identification: Core #10-3. 

CTLGroup Identification: 3679720. 

DATE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Core length= 114 mm (4.5 in.); partial 
structure thickness, full length of submitted core. 

Outer Core End: Fractured concrete surface, passing through and around aggregate 
particles. 

Inner Core End: Fractured concrete surface, passing through and around aggregate 
particles. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 25) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 15 mm 
(0.6 in.) . 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Pale beige to off white. 

Hardness: Moderately hard . 
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Luster: Subvitreous to dull. 

Paste-Aggregate Bond: Moderately tight. 

Air Content: Estimated 2 to 3%. 
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Secondary Deposits: One deposit of ASR gel observed. Ettringite lightly lines many air 
voids. 

MICROCRACKING: None observed. 
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24a. Side view of core. Core outer end is at left. 

1 

CTL l 

24b. One core end. 

Fig. 24 Core #10-3, as submitted to the laboratory. 

Appendix A 
Page 42 of 70 
July 28, 2014 

260 of 365 



RPP-RPT-58254 10/30/2014 - 12:51 PM 

Washington River Protection Solutions, LLC 
WRPS A-106 Sidewall Concrete Core Inspection & Testing 
CTLGroup Project No. 395940 

Fig. 25 Lapped, cross-sectional (longitudinal) concrete surface of Core 
#10-3. Core outer end is at left. 

The coarse aggregate In the concrete is a rounded to subangular 
natural gravel consisting mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241-A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 26) 

Client Identification: Core #10-4. 

CTLGroup Identification: 3679721 . 

DA TE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Core length = 127 to 132 mm (5.0 to 5.2 in.); 
partial structure thickness, full length of submitted core. 

Outer Core End: Irregular, apparently fractured, concrete surface, passing through and 
around aggregate particles. 

Inner Core End: Fractured concrete surface, passing through and around aggregate 
particles. 

Cracks, Joints, large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 27) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 28 mm 
(1 .1 in.). 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution . Fine-Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Pale beige to off white. 

Hardness: Hard to moderately hard. 
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Luster: Subvitreous to dull. 

Paste-Aggregate Bond: Tight to moderately tight. 
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Air Content: Estimated 2.5 to 4%. Many small, spherical air voids are present throughout 
concrete. 

Secondary Deposits: Ettringite lightly lines many air voids. 

MICROCRACKING: One microcrack extends from inner core end, longitudinally through the 
core for a distance of 114 mm (4.5 in.), passing through a large coarse aggregate particle. 
Another microcrack is present in core, longitudinally through the concrete for a distance of 
20 mm (0.8 in.), and observed passing through one fine aggregate particle. (Fig. 27.) 
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26a. Side view of core. Core 
outer end is at left. 

26b. One core end. 

26c. Other core end. 

Fig. 26 Core #10-4, as submitted to the laboratory. 

264 of 365 



RPP-RPT-58254 10/30/2014 -12 :51 PM 

Washington River Protection Solutions, LLC Appendix A 
Page 47 of70 
July 28, 2014 

WRPS A-106 Sidewall Concrete Core Inspection & Testing 
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Fig. 27 Lapped, cross-sectional (longitudinal) concrete surface of Core 
#10-4. Core outer end Is at left. 

Two microcracks were observed on the lapped concrete surface. 
One microcrack extends from inner core end, longitudinally through 
the core for a distance of 4.5 in., passing through a large coarse 
aggregate particle (red arrow). Another microcrack is present in 
core, longitudinally through the concrete for a distance of 0.8 in. 
The microcracks were highlighted with red marker, to accentuate 
their visibility in the image. The actual mlcrocracks are much 
narrower than the tracings. 

The coarse aggregate in the concrete is a rounded to subangular 
natural gravel composed mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241-A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 28) 

Client Identification: Core #11-2 C. 

CTLGroup Identification: 3679723-01 . 

DATE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Length of examined segment= 198 mm 
(7.8 in.); partial structure thickness, partial submitted core length. 

Outer Core End: Fractured concrete surface, passing through and around aggregate 
particles. 

Inner Core End: Saw-cut concrete surface. 

Cracks, Joints, Large Voids: One large void , 11 mm (0.43 in.) in diameter is present. No 
cracks or joints were observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 29) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 28 mm 
(1.1 in.) . 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Light gray. 

Hardness: Hard to moderately hard. 
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Luster: Subvitreous to vitreous. 

Paste-Aggregate Bond: Tight. 

Air Content: Estimated 2 to 3%. 

Secondary Deposits: Ettringite lines many air voids and fills a few air voids. 

MICROCRACKING: None observed. 
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28a. Side view of core. 

28b. One core end, after core was saw-cut In half longitudinally. 

Fig. 28 Core 11-2, as submitted to the laboratory. 
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Fig. 29 Lapped, cross-sectional (longitudinal) concrete surface of 
examined segment of Core #11-2 C. Core outer end is at left. 

The coarse aggregate in the concrete is a rounded to subangular 
natural gravel consisting mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank. 241 -A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 30) 

Client Identification: Core #12-2 B. 

CTLGroup Identification: 3679725-02. 

DATE RECEIVED: June 13. 201 4 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Length of examined segment= 137 mm 
(5.4 in.); partial structure thickness. partial submitted core length. 

One Core End: Saw-cut concrete surface. 

Other Core End: Saw-cut concrete surface. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 31) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite. and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains. quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals. one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules. similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 23 mm 
(0.9 in.) . 

Shape, Texture, Distribution: Coarse- Rounded to subangular. equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded. equant to 
elongate in shape; uniform distribution . 

PASTE 

Color: Pale gray to light gray. 

Hardness: Hard to moderately hard. 

Luster: Subvitreous to dull. 
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Paste•Aggregate Bond: Moderately tight. 

Air Content: Estimated 1.5 to 2.5%. 

Secondary Deposits: Some deposits of ettringite present. 

MICROCRACKING: None observed. 
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30a. Core side view. Core outer 
end is at left. 

30b. One core end. 

30c. Other core end. 

Fig. 30 Core segment, which includes #12-2 Band #12-2C, as submitted to the laboratory. 
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Fig. 31 Lapped, cross-sectional (longitudinal) concrete surface of 
examined segment of Core #12-2 8. Orientation of examined 
segment was not Indicated. 

The coarse aggregate in the concrete is a rounded to subangular 
natural gravel consisting mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241 -A-106 

LOCATION: Richland , Washington 

SAMPLE (Fig. 32) 

Client Identification: Core #12-3. 

CTLGroup Identification: 3679727. 

DATE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3 .25 in.). Core length = 165 mm (6.5 in.); partial 
structure thickness, full length of submitted core. 

Outer Core End: Fractured concrete surface, passing around aggregate particles. 

Inner Core End: Fractured concrete surface, passing through and around aggregate 
particles. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 33) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks . The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 30 mm 
(1 .2 in.}. 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Off white to pale gray. 

Hardness: Hard. 
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Luster: Subvitreous to almost dull. 

Paste-Aggregate Bond: Moderately tight. 

Air Content: Estimated 1 to 2%. 

Secondary Deposits: Ettringite very lightly lines many air voids. 
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MICROCRACKING: One microcrack extends the entire length of the core, passing mainly 
around, but through a few, aggregate particles. (Fig. 33.) 
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32a. Side view of core. Core outer end Is at left. 

32b. One core end. 

Fig. 32 Core 12-3, as submitted to the laboratory. 
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WRPS A-106 Sidewall Concrete Core Inspection & Testing 
CTLGroup Project No. 395940 

Fig. 33 Lapped, cross-sectional (longitudinal) concrete surface of Core 
#12-3. Core outer end is at left. 

One microcrack was observed on the lapped concrete surface. It 
extends through the entire length of the core, passing through a 
few aggregate particles (red arrow depicts one fractured aggregate 
particle). The microcrack was highlighted with red marker, to 
accentuate its visibility in the image. The actual microcrack Is much 
narrower than the tracing. 

The coarse aggregate Is a rounded to subangular natural gravel 
consisting mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241-A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig. 34) 

Client Identification: Core #13-2. 

CTLGroup Identification: 3679729. 

DATE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter = 83 mm (3.25 in.). Core length = 71 to 97 mm (3.1 to 3.8 in.); 
partial structure thickness, full length of submitted core. 

Outer Core End: Fractured concrete surface, passing through and around aggregate 
particles. 

Inner Core End: Irregular, possibly fractured , concrete surface, passing through and around 
aggregate particles. 

Cracks, Joints, Large Voids: None observed. 

Reinforcement: None present. 

AGGREGATES (Fig. 35) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark glassy-like matrix with laths of feldspar. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt. The basalt particles contain 
numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size -of 28 mm 
(1.1 in.). 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Off white to pale gray. 

Hardness: Moderately hard, but locally moderate in some areas. 
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Luster: Subvitreous to dull. 

Paste-Aggregate Bond: Moderately tight to moderate. 

Air Content: Estimated 1 to 2%. 

Secondary Deposits: Ettringite very lightly lines many air voids. 
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MICROCRACKING: Two microcracks extend through the concrete, parallel to each other and at 
an angle in the core, passing through and around aggregate particles. One of the microcracks is 
84 mm (3.3 in.) long; the other microcrack is 28 mm (1 .1 in.) long; they exit the side of core. 
(Fig . 35.) 
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34a. Side view of core. Core 
outer end is at left. 

34b. Outer core end. 

34c. Inner core end. 

Fig. 34 Core #13-2, as submitted to the laboratory. 
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WRPS A-106 Sidewall Concrete Core Inspection & Testing 
CTLGroup Project No. 395940 

Fig. 35 Lapped, cross-sectional (longitudinal) concrete surface of Core 
#13-2. Core outer end is at left. 

Two microcracks extend through the concrete, parallel to each 
other and at an angle in the core. The mlcrocracks were highlighted 
in red to accentuate their visibility in the Image. The actual 
microcracks are narrower than the tracings. 

The coarse aggregate in the concrete is a rounded to subangular 
natural gravel consisting mainly of basalt. 
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PETROGRAPHIC EXAMINATION OF HARDENED. CONCRETE, ASTM C856 

STRUCTURE: Reinforced Concrete Sidewall of 
Single-Shell Tank, 241 -A-106 

LOCATION: Richland, Washington 

SAMPLE (Fig . 36) 

Client Identification: Core #13-3. 

CTLGroup Identification: 3679730. 

DA TE RECEIVED: June 13, 2014 

EXAMINED BY: Jean L. Randolph 

Dimensions: Core diameter= 83 mm (3.25 in.). Core length = 89 to 142 mm (3 .5 to 5.6 in.) ; 
partial structure thickness, partial submitted core length due to internal fracture. 

Outer Core End: Irregular concrete surface, possibly fractured . 

Inner Core End: Fractured concrete surface, passing around aggregate particles. 

Cracks, Joints, Large Voids: A crack is present in the concrete, approximately 25 mm (1 in.) 
from the inner core end (Fig . 36) . No joints or large voids observed. 

Reinforcement: None present. 

AGGREGATES (Fig . 37) 

Coarse: Natural gravel consisting mainly of basalt; with lesser amounts of metagabbro, 
metagranite, and quartzite; and a few other rocks. The basalt particles generally contain 
numerous nodules of a cryptocrystalline to glassy mineral or mineraloid, such as chalcedony 
and glass. Some basalt particles have a dark matrix with laths of feldspar (Fig. 38) . Some of 
the quartz in the metagranite and quartzite exhibits moderate to high optical strain. 

Fine: Natural sand composed mainly of metaquartz grains, quartzite, basalt, and feldspar; 
with several particles of sandstone and other rocks and minerals, one being a cryptocrystalline 
to glassy mineral or mineraloid unlike that observed in the basalt (Fig . 39). The basalt particles 
contain numerous cryptocrystalline to glassy nodules, similar to the coarse aggregate. 

Gradation & Top Size: Visually appears evenly graded to an observed top size of 15 mm 
(0.6 in.) . 

Shape, Texture, Distribution: Coarse- Rounded to subangular, equant to oblong in shape; 
smooth to slightly irregular texture; uniform distribution. Fine- Angular to rounded, equant to 
elongate in shape; uniform distribution. 

PASTE 

Color: Off white to very pale gray. 

Hardness: Moderately hard; locally to moderate in some areas. 
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Luster: Subvitreous to dull. 

Paste-Aggregate Bond: Moderate. 

Air Content: Estimated 1 to 2%. 

Depth of Carbonation: 1 to 4 mm (0.04 to 0.16 in.) along outer core surface. 
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Paste Appearance in Thin Section: In plane-polarized light the paste matrix has a light red­
brown color. Areas of fairly heavily mottled or altered paste are very common; they are 
medium red-brown and appear "gritty," or altered (Fig. 40); observed throughout the paste. 

Calcium Hydroxide*: Possibly 1 to 2%. Majority of the paste in thin section is amorphous 
(Fig. 40). 

Residual Portland Cement Clinker Particles*: Estimated 8 to 15%. Varies locally; rough 
estimate, due to mottled gritty appearance of paste in thin section. 

Supplementary Cementitious Materials*: None observed. 

Secondary Deposits: Very small amount of ettringite observed. 

MICROCRACKING: None observed. 

ESTIMATED WATER-CEMENT RATIO: Not estimated, due to age of concrete. 

*percent by volume of paste 
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36a. Side view of core. Core outer end is at left. A piece of the inner core 
end, at the location of the fracture in the core (arrows) broke off during 
the sample preparation. 

36b. Outer core end. 

Fig. 36 Core #13-3, as submitted to the laboratory. 
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Fig. 37 Lapped, cross..sectlonal (longitudinal) concrete surface of Core 
#13-3. Core outer end is at left. The steep angle of the inner core 
end Is due to a cracked portion of the core fracturing off during 
sample preparation. 

The coarse aggregate In the concrete Is a rounded to subangular 
natural gravel consisting mainly of basalt. 

Appendix A 
Page67 of70 
July 28, 2014 

285 of 365 



RPP-RPT-58254 10/30/2014 -12:51 PM 

Washington River Protection Solutions, LLC Appendix A 
Page 68 of70 
July 28, 2014 

WRPS A-106 Sidewall Concrete Core Inspection & Testing 
CTLGroup Project No. 395940 

38a. Plane-polarized light. The particle exhibits a dark groundmass, with laths 
of feldspar. 

38b. Crossed-polarized light. 

Fig . 38 Thin section photomlcrographs of a basalt coarse aggregate particle in 
Core #13-3. Both images show the same field of view but under 
different lighting. The mineralogy and characteristics of this particle are 
typical of some of the basalt particles In the fifteen cores examined 
petrographically. Length of view, left to right, is approximately 2.1 mm 
(0.083 in.). 
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39a. Plane-polarized light. The paste matrix Is generally light red-brown (left aide of dashed line), 
and also locally heavily mottled with a darkened "gritty" appearance (right side of dashed 
yellow line). Red arrows depict a partially glassy fine aggregate particle. 

39b. Crossed-polarized light. The paste matrix Is amorphous; no calcium hydroxide crystals are 
observed. The birefringence (color under crossed-polarized light) of the majority of the glassy 
particle Is nil, which la optically characteristic of mlneralolda, e.g., volcanic glass. 

Fig. 39 Thin section photomicrograph• of Core #13-3, Illustrating paste mlcrofeatures and a glassy fine 
aggregate particle. Both Images show the same field of view but under different lighting. The 
mineralogy and characteristics of the glassy particle are typical of some of the fine aggregate 
particles In the fifteen cores examined petrographically. Length of view, left to right, is 
approximately 2.1 mm (0.083 In.). 
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40a. Plane-polarized light. Residual portland cement grains are very common in 
the paste; they exhibit an orangey hue. Blue arrows point to several 
representative grains. The light red-brown paste matrix is mottled a dark 
"gritty" brown. 

40b. Crossed-polarized light. The paste is predominantly amorphous; very little 
calcium hydroxide is observed. 

Fig. 40 Thin section photomicrographs of the paste matrix in Core #13-3. Both 
images show the same field of view but under different lighting. Length 
of field , left to right, is approximately 0.84 mm (0.033 in.). 
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Task 'Received at RSSI Inspected 

Date 5/30/14 6/12/14 

iTime morning 10:32AM 

' !Person (initial) A. Morris A. Morris 

!Task Received at RSSI 'Inspected 

1oate '5/30/14 '6/12/14 

!Time ,morning 10:32AM 

'.Person (initial) A. Morris .A. Morris -- -- -

ITask 'Received at RSSI Inspected 

iDate 15/30/14 6/10/1~ 

,Time morning ·5:20PM 

I Person (initialL _ :~:. ~<?rr~s ______ A Morris __ 

Core Tracking Log Book 
Sample ID: Core #1 

Received at CTL Prepared ASTMC215 ASTM C597 •ASTM C469 tASTM C39 ·ASTMC856 -·~------
6/13/14 ~_{23/1~-- !Y.~-- - . _ _rya ----~ ~ /a 07/28/14 - -
4:00PM mo0i.!:!& n/a -~ a n/a n/a n/a - - ---- -· -
J. L. Jones T. Plange J. L. Jones J. L. Jones G. Nieweem G. Nieweem ,J. Randolph 

Core Tracking Log Book 
Sample IDs: Core #2, 3 

--~ 
Received at CTL ,Prepared ASTMC215 ASTMC597 ·ASTM C469 ASTMC39 ASTMC856 

.6/13/14 06/23/14 06/26/14 06/26/14 07/07/14 07/07/14 n/a 

•4:00PM morning 11:30 AM to E PM '11:30 AM to 12PM morning ,morn ing n/a 

_!.:_P~nge_ J. L. Jones n/a J. L. Jones J. L. Jones G. Nieweem ,G. Nieweem - - -- ---

Core Tracking Log Book 
Sample ID: Core #4 

------
I 

; Received at CTL 'Prepared ASTMC215 ASTMC597 ASTMC469 ASTM C39 ASTMC856 
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'4:00PM morning 2:15 PM 2:15 PM ·morning morning 1n/a 
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Task !Received at RSSI Inspected 

Date 5/30/14 .6/10/14 

1nme I morning 5:20PM 

f Person (initial) A. Morris A. Morris 

Task I Received at RSSI Inspected 

Date 'S/30/14 ,6/11/14 

Time morning 9:15AM 

Person (initial) 1A. Morris ,A. Morris 

Task _ Received at RSSI !Inspected 

Date 15/30/14 16/11/14 

Time ,morning 9:15AM 

Person (initial) /A. Morris A. Morris - - -

-------------

Core Tracking Log Book 
Sample ID: Core #5, 6·1 

-----
Received at CTL 'Prepared ASTMC215 ASTMC597 ASTMC469 ASTMC39 

6/13/14 )06/23/14 06/26/14 06/26/14 07/07/14 07/07/14 

4:00PM 
I 

,morning 1:30 to2:00 PM 1:30 to2:00 PM 2:00 • 3:00 PM 12:00 • 3:00 PM 

). L. Jones IT. Plange J. L. Jones J. L. Jones G. Nieweem )G. Nieweem 

Core Tracking Log Book 
Sample ID: Core #6-2 

I Received at CTL I Prepared ASTMC215 A5TM C597 IASTMC469 !ASTMC39 
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.J. L. Jones ~ r__y1ange J. L. Jones J. L. Jones G. Nieweem G. Nieweem ·------ ---------

Core Tracking Log Book 
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,4:00PM ,morning 3:45 PM 3:45 PM '9:45 to 10: 10 AM 9:45 to 10:10 AM 
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J. L. Jones ,T. Plange J. L. Jones J. L. Jones G. Nieweem ___,_G. Nieweem ·-

Corporate Office and Laboratory: 5400 Old Orchard Road, Skokie, IL 60077 -1030 
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Core Tracking Log Book 
Sample ID: Core #7-2 

Task Received at RSSI Inspected ------ -'--------- ------'---•-------- -------~-AS_ TM_ ~ _69 __ _._1MT __ M_ C3_9 ___ ~A_S_T_M_C8_ S_6 __ _ Received at CTL Prepared ASTMC21S ASTMCS97 

iDate 5/30/~ _ 6/1~14 

nme morning 9:15AM ..... --
7/8/2014 _ _q? f_ES/14_ _ - ~ _ _ _ _ 

I 
_ 10:36 to 11:18 AM 10:36 to 11:18 AM-{!'/!' 

6/13/14 ,06/23/14 06[26/14 0~[~6/~4 __ - - -- -- - - ,----··- -
4:00PM ,afternoon 4:00 PM 4:00PM 

I 
,A. Morris A. Morris J. L. Jones ·T. Plange J. L. Jones J. L. Jones .G. Nieweem G. Nieweem ,n/a \Person (initial) --- - ------- -------

,_j T_a_sk _____ ~R_e_ce_lv_e_d_a_t_R_S_S_I _ ln_sp_,__e_ct_e_d ____ ;R_e_c_ei_ve_d_ at_CT_ L _ _ ;P_r_epa,__r_e_d ___ ASTM C215 
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inme ·morning 1:37 PM ,4:00 PM afternoon 4:00 PM -----------=-- - -,__ _______________ _ _ __ _ 
I I 

!Person (Initial) ,A. Morris ·A. Morris JJ. L. Jones _ _ _ _ T. Plange ___ _J. L. Jones -----

--,-.-

!Task : Received at RSSI Inspected 'Received at CTL Prepared ·ASTM C21S ·-- ·---·-~-
I ,6/25/2014 - 8-1 
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. -----~- - - - --
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----
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J. L. Jones 
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6/25/2014 · 8-1 
6/26/2014 • 8-2 - ---- -3:30 PM 8-1 
3:45 PM 8-2 

Core Tracking Log Book 
Sample ID: Core #7-3 
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Core Tracking Log Book 
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Core Tracking Log Book 
Sample ID: Core #8-3 

--- ---
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I 
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Core Tracking Log Book 
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Core Tracking Log Book 
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Corporate Office and Laboratory· 5400 Old Orchard Road, Skokie, l l 60077-1030 

IASTMC856 

107/28/14 

In/a 

p. Randolph 

IASTMC856 

In/a 

n/a 

In/a 

t 

ASTMC856 j 

07/28/14 

n/a 

!J. Randolph 

:::0 
"'t) 
"'t) 

;;o 
"'t) 
-l 

I 
u, 
(X) 
N 
u, 
.t>. 

0 
w 
0 
;:;:_; 
0 _._ 
~ 

_._ 
N 
u, _._ 
"'t) 

s: 

N 
(0 
(.,0 

0 ..., 
(.,0 

Ol 
u, 



:::0 
-0 

cn)G.oup -0 
I 

Core Tracking Log Book :::0 
-0 

Sample ID: Core #9-3 ~ 
I 
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---- 5/30/14 _ _. 6/9/14 -- 6/13/14 __ __ 
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Core Tracking Log Book 
Sample ID: Core #10-2 

1Task 'Received at RSSI !Inspected 'Received at CTL !Prepared ASTMC215 ASTM C597 :ASTM C469 .ASTMC39 

'oate 5/30/14 6/10/~4 __ ;6/13/14 !06/24/14 06/~6~ -- '06/26/14 :07/09/14 07/09/14 

jTlme morning 2:12 PM ·4:00PM :morning 7:00PM 7:00PM :1:45 to 2:05 PM '1:45 to 2:05 PM 
I 

I I 
I Person (initial) A. Morris A. Morris ,J..:.. L. Jones T. Plange J. L. Jones J. L. Jones G. Nieweem •G. Nleweem 

Core Tracking Log Book 
Sample ID: Core #10-3 

lr ask 'Received at RSSI Inspected Received at CTL \Prepared ASTMC215 tASTMC597 ASTMC469 ASTM C39 

I 
JDate ,5/30/14 6/10/14 6/13/14 -- ~O~l2~~ :~ a __ n/a ·n/a 

1
n/a 

ITime ,morning 2:12 PM 4:00PM imorning n/a n/a 'n/a In/a 

Person (initial) ;A. Morris A. Morris J. L. Jones 'T. Plange _,'2fa ·n/a n/a n/a ~-- -- --- -· ·-

Corporate Office and Laboratory: 5400 Old Orchard Road, Skokie, l l 60077-1030 

IASTMC856 

07/28/14 

n/a 

J. Randolph 

ASTMC856 

n/a 

n/a 

n/a 

jASTMC856 

107/28/14 

In/a 

J. Randolph 

:::0 
-0 
-0 
I 

:::0 
-0 
-I 
(J1 
co 
N 
c.n 
.:,. 

..... 
0 
w 
0 
N 
0 

.:,. 

N 
c.n ..... 
-0 
~ 

N 
co 
c.n 
0 -(,) 
Ol 
c.n 



~ROUP 
I 

ITask Received at RSSI Inspected 

IDate 5/30/14 6/12/14 
r--·· 

!Time morning 3:42 PM 

1Person (initial) .A. Morris A. Morris 

:rask 
I 

Received at RSSI 1lnspected 

\Date 5/30/14 6/12/14 
I 

'Time morning 3:42 PM 

!Person (initial) A. Morris A. Morris 

!Task Received at RSSI Inspected 

,_ Date 5/30/14 6/9/14 

Time morning 12:47 PM 

I Person (initial) A. Morris A. Morris - - -

Core Tracking Log Book 
Sample ID: Core #11-1 

-- -
Received at CTL Prepared ASTMC21S ASTMC597 .ASTMC469 ,ASTM C39 

. 6/13/14 . ·-- ,06/24/14 06[26/14 _ Q6/l:._6/~ .Q7/09j_'},~ 07/09/14 -
4:00PM afternoon 7:10 PM 7:10PM ,2:30 to 3:00 PM 2:30 to 3:00 PM -------
J. L. Jones T. Plange J. L. Jones J. L. Jones G. Nieweem G. Nieweem 

Core Tracking Log Book 
Sample ID: Core #11-2 

Received at CTL Prepared ASTMC215 ASTM C597 ASTM C469 1ASTMC39 

6/13/14 :06/24/14 ___ 06/26/14 06(3_6/14 07/09/14 107/09/14 -
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Time morning 9:17 AM 
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!Person (initial) A. Morris .A. Morris 

!Task Received at RSSI Inspected 
I 
•Date 5/30/14 6/10/14 

I 
ITime morning 9:17 AM 

~ rson_(in~ A. Morris A. Morris 

Core Tracking Log Book 
Sample ID: Core #12·1 

Received at CTL ,Prepared ASTMC215 ASTMC597 ASTM C469 1ASTMC39 

__ j.!13/14 n/a - - __ _!:{a _ n/a n/a ,n/a 

4:00PM n/a n~ n/a n/a •n/a 

J. L. Jones n/a n/a n/a n/a rn/a 

Core Tracking Log Book 
Sample ID: Core #12-2 

Received at CTL Prepared ASTMC215 ASTMC597 ASTM C469 
1
ASTMC39 

6/13/~ 06/25/14 06/26/14 06/26/14 07/10/14 io1110/t4 --- -·- ·-
4:00PM ,morning 9:00 to 11:00 AM 9:00 to 11:00 AM 9:26 to 10:35 AM !9:26 to 10:35 AM 

J. L. Jones T. Plange J. L. Jones J. L. Jones G. Nieweem G. Nieweem -- - --- -

Core Tracking Log Book 
Sample ID: Core #12-3 

Received at CTL Prepared ASTMC215 ASTMC597 ASTM C469 ASTM C39 

6/13/14 06/25/14 ~ n/a n/a 
1
n/a 

4:00PM morning n/a n/a 1n/a 
I 

n/a 
I 

J, L Jones T. Plange __ n/a .~!~ - n/a ,n/a ----

Corporate Office and Laboratory: S400 Old Orchard Road, Skokie, IL 60077-1030 

ASTMC856 

•n/a 

1n/a 
I 

in/a 

IASTMC856 
l 
107/28/14 
I 
!n/a 

jJ. Randolph 

IASTMC856 

!07/28/14 

!n/a 

'J. Randolph 

:::0 
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Core Tracking Log Book 
Sample ID: Core #13·1, #13-4 

1-T_a_sk ______ R_ec_e_iv_e_d_a_t_R_S_sI __ In_s~p_e_ct_e_d ____ R_e_ce_l_ve_d_a_t_CT_ L __ IP_r_ep~•-r_e_d _ ___ AS_ T_M_ c_21_s ___ ASTM CS97 ___ :_AS_T_M_ C4_ 69 ASTM C39 1ASTMC8S6 

... o_at_e ____ _ S_/3 __ 0_/ 1_4 ___ -'6/10/14 _____ .6/13/14 _ ,06/25/14 ___ n/a n/a ----
1--Ti_,m_e ______ m_o_rn_i_ng"--___ ,9:17 AM 

I 

4:00PM ____ ~ orning n/a -- ----
l~P_e_rs_o_n~(i_n_it_la~l) _ _ ,_A_. _M_o_rr_is ____ :A_. _M_o_rr_is ____ J_. L_._Jo_n_e_s ____ T_._P_la_n=ge _ _ , _ __ ~!- n/a 

Task '. Received at RSSI Inspected Received at CTL 'Prepared ASTMC215 ASTMCS97 

Date ·5/30/14 6/!_0_1-~ ~1]/ !_4 L~L2s114 n/a ~ a 

ITime morning 9:17 AM 4:00PM morning __ n/a _____ ___ !}/a 

1 Person (initial) A. Morris A. Morris J. L. Jones T. Pla~ e n/a n/a ------ -

;n/a 

n/a ___.. __ 
n/a 

07/10/14 ___ 1n/a _ _ _ 

1
10:44 to 11:00 AM In/a 

1G. Nieweem n/a 

Core Tracking Log Book 
Sample ID: Core #13-2, #13-3 

IASTMC469 ASTMC39 ASTMC856 

_ n/a n/a 107/28/14 

n/a n/a jn/a 

_rj~ n/a J. Randolph 

Corporate Office and Laboratory: 5400 Old Orchard Road, Skokie, IL 60077-1030 
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Equipment List 
ASTM C42 • Standard Test Method for Obtaining and 'rntlng Drilled Corea; Section 7. Comprnalve Stntngth 
ASTM C&17 • Standard Practice for Capping Cylindrical Concrete Specimens 
ASTM C469 • Standard Tnt Method for Static Modulua of Elaaticlty of Concrete In ComprHslon 

Mart< the appropriate box with an "X" for the equipment used during sample preparation and tntlng. 

A£!lli!!L! 
D Fowler 6" Digital Calper SN: 222495 Cal ibration Due 10-03-2014 

X Mdutoyo Caliper , 12• Dig~al SN: 0006358 Calibration Due 11-07-2014 

D Ftow Caliper SN: 338-1 C alibra1ion Due 09-16-2014 

D Ftow Caliper SN: 338-2 Calibration Due 09-16-2014 

X Fowler 24' Dig~al Cai per SN: CAL-1 5 Calibration Due 03-04-2015 

D Other: SN: · Ca fibration Due: 

IUSI!! 0 Nol Used 

D Sartorius Scale SN: 60101007 Calibration Due 10-07-2014 

0 Scale, 100/0.005 lbs Digital SN: AE609113 Calibration Due 1Q.-07-201• 
X Other: Sartorius Scale SN: : 27750443 Calibration Due: 06-23-2015 

C. Capping Thermomtttr n Not Used· cylinder end grinder or pad caps were used 
X Thermometer . Long Stem SN: CAL--07 Calibration Due 02- 19-2015 

D Thermometer . Long Stem SN 130203498 Calibration Due 04-08-2015 

0 Other: _____ _ SN:. ___ _ Cafibration Due: ____ _ 

D C•eeina Comeound D Not Used cylinder end grmder or pad caps were used 
0 Lot No 18L01« 

X Lo1No 18L0165 

0 Other: _____ _ 

E. Capping Stands (Plate & Alignment Qtyictl 
X 4• Cyinder Capping Stand 

0 6" Cylinder Capping Stand 

0 6" Cyilnder Capping Stand 

X ,. Cylinder Capping Stand 

0 3" Cylinder Capping Stand 

SN: 

D Not Used· cyl inder end grjnder or pad caps were used 

Calibration Due 02-10-2015 

D 01her: _____ _ 

SN: 4 

SN: A 

SN. 6 

SN. CAL-58 

SN: 

Calibfalion Due 02-10-2015 

Callbralion Due 02-10-2015 

Calibration Due 02-10-2015 

Calibralion Due 02- 10-2015 

Cal bralion Due: ____ _ 

F, caoeino Sauare D Not Used· cylinder em! annder or pad caps were used 
D Combination Square 16" SN. M022505 Calibration Due 10-03-2014 

X Combination Square 16" SN: JHl 1719 Calibration Due l Q.-03-2014 

• Other: SN.· Calibration Due : 

Si, F11!!f: !illl! D ~ 
D 66 Thickness Gage SN· 10074195 Calibration Due tQ..03-2014 

X 0 .001 " Thickness Gage SN· CAL-05 Calibration Due 10-04-2014 

lJ Other: SN.: Calibration Due: 

H Str,Jaht Edat • ~ 
X Straight Edge SN: M022509 Catibralion Due 12-11-2014 

0 Straight Edge SN: JH10289 Calibration Due 09-27 -2014 

D Other: SN· Calibration Due: 

l,A:i!!t!~!BIA 
0 6-ineh Rig SN: 339-65 Verif,ed As Needed 

X 4-ineh Rig SN· 339-66 Verifled As Needed 

0 3aineh Rig SN: 339-67 Verifllld As Needed 

0 Other: SN:: Cai bralion Due: 

J ~!lmllllll!Klll&IC 11111 liHI 
X Mi1Uloyo Oigital lndicalor SN: 15346 Calibration Due 02. 05-2015 

X Miluloyo Digital Indicator SN: 24143 Calibration Due 02-04-2015 

D Other : SN:: Calibration Due: 

IS. !Hli!l!l !ill~blD! 
0 Toni Teehnik 300kN SN: 12201 Calibration Due 11 -14-2014 

0 Toni Technik 250kN SN: 140 Cal ibration Due 11 -14 -2014 

X Baldwin 400K SN: 150054 Calibration Due 09-26-2014 

0 Other: SN: : Calibration Due: 

OL"T:;D-011 ~• 
~e,; a °""­
J ~ J U.-4 
Dal• 07rz:Jl1~ 

l'hll~• i,,c,tll'tl:r.-' fl'rudCII' a:$tt0..._CIOAU:S. dt,-£0.Y.$ 
Jt,.1,,. ,~,dNwwto~U.c,..t1lt'll--d.,..,o.-t,,s,-s1arOo,p,,rffll 

~O"l"-~'"NIIF'P'-1...,..1n••...,,ffClfO"<.-')-
P,SJe1d1 

300 of 365 



RPP-RPT-58254 10/30/2014 - 12:51 PM 

Equioment List 
ASTM C597 - Standard Test Method for Pulse Velocity Through Concrete 
ASTM C215 - Standard Test Method for Fundamental Transverse, Longitudinal, and Torsional Resonant Frequencies 
of Concrete Specimens 

ASTM C856 • Standard Practice for Petrographic Examination of Hardened Concrete 

Mark the appropriate box with an " X" for the equipment used during sample preparation and testing. 

A, C1IIRCm 
D Fowler 6" Digital Caliper 

D Mitutoyo Caliper, 12· Digital 

D Flow Caliper 

D Flow Caliper 

X Fowler 24" Digital Caliper 

• Other: 

B. Scale D Not Used 

D Sartorius Scale 

0 Scale, 100/0.005 lbs Digital 

X Other: Sartorius Scale 

SN: 222495 

SN: 0006358 

SN: 338-1 

SN: 338-2 

SN: CAL-15 

SN:: 

SN: 60101007 

SN: AE609113 

SN: : 27750443 

Calibration Due 10-03-2014 

Calibration Due 11-07-2014 

Calibration Due 09-16-2014 

Calibration Due 09-16-2014 

Calibration Due 03-04-2015 

Calibration Due: ___ _ _ 

Calibration Due 10-07-2014 

Calibration Due 10-07-2014 

Calibration Due: 06-23-2015 

c, Ultrasonic Transducers & Control Box (PUNDIT PLUS) 
The equipment used for ASTM C597 is described in the attachment written by Germann Instruments. 

A calibration is performed prior to each use. Also attached is CTLGroup's Quality Operating Work Instruction 

for the equipment. 

P, Accelerometer for ASTM c21 s 
Accelerometer 

e. Optical Microscope tor ASTM cas& 

Microscope 

SN: 41936 Calibration Due: 03/19/2015 

SN: 14336 Calibration Due: 07/1 7/2015 

This document 11 uneonttoDed ,t printt d er cop1edfuved oubtde of the EOMS 
It is the re,ponaibilrty of the user to ro l ow lhe amenl version of any Qua'ity Syst1m Document 

Revit~n h1stont1 and approval l,ignatu~, are kept erectronicalty . 
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I . I. "I' i al·>' I (. 
625 East Bunker Court 
Vernon HIiia, tlllnois 60061 
Pl I: 866·466·6225 

Calibration Report ~d,·,..,111.·c Nu111hc1 : 391149 
I'll N11111h1•1 : 617088 

·a;,,:; 641 ·327·2993 
\\IW',\' .in~nlsolulions ::om 

Mm111(aclun-r: 
.\-Jodcl Numhu: 
l)~scription: 
AS!it't Number: 
Serial Number: 
Pn1e.·1.•durc: 
R,•marks: 

Milutoyu 
500-764-10 
Dimensional, Digital Caliper 
0006358 
0006358 
OS Universal Calioer 

C'I l,G.-oup 
5400 Old Ord1w1I 1~1I. 

Slo!dt• . II .NIOi711111t,'II S1;1t,·, 

C11libr11tion l>11h-: 
Cnlibn,ti_.n l>11t' Uatc: 
Condition As £iound: 
( '011dilio11 As I ~fl: 

11!0712013 

11/0712014 
Ir Tolerance 
In foloroncn, No odj1istrn,1111 

NIST-1.-accahlc culihr u1inn Jll'rli•rn1,_.11011 th,· 1111il 1<+: n·11cnl :1h11vc in an·1H1f:111,·,· ,~i1l1 c11\l,111icr r..·,111irc1r,,,111,. puh li\h,:d sp.;~11h:;11i1~1; nul the 
bh'~ <l.)nuarJ ,,p.-n11i 11µ (11\)CL'(lun·, . No :.un,11111.'ll!S \Hr~ 111:10,· h• tht· unit 

Asset No. 
CPOS011 

CP05079 

Manufacturer 
Fowler 

Fowter 

FUNCTION TESTED 
V 1t:Lllll lnspectlol• 

f)cplh M ltll~IIIOfflO,'ll 

SIOfl O,:,~h ~1oa.,;u u111tl1 I 

1i n lHrT: 20" C 
Huuddll) : 36 · Oit 
R11t. No.: 460807 

Standards Utili7.ed 
Model No. Description ca1. O.le , Du. Date 
53-670-036 

53·813-010 

Oi"'ll<lllSional, Gage Blook Set 36 Pc 

O,-nons1ooal, Gage Checker 
I 03/26/2013 o3/26J".!014 
I • 

I 07115/2013 1 07/15,12015 

Calibration Data 
Nominal Volu As Found 0 .,11 .. Alt Left 

t,o •1ick~ .:,, L't.r 00 1,w.1; PA.'lS Son,e 

0 2:,:,0 in 0.2500 Sa,r"' 

O!iO:>o ~• C.5000 &l!Tlll 

O 7500 k, :U!.00 Sa,•!<! 

OOllllkl l,OO(Jtl ~t'riC 

,i <Y.ICO k• :l !»'.r., S.tnu:~ 

n.O'JCClt· 8 OOCC !i,l•l>P. 

17..0r.llUii · 2.0..100 !'111'1'6 

2.CC0011 :> :xx:o S:uP..u 

l .Ct(X) I .I .OCCO Same 

:>,(flOO I', l .UCO.i SAIM 

<"llllhrulluu Perrormed Uy: 
1 lcrlrnmpf. l·'. ric I) Mr1rol11gist 847-327-5307 

-- ~ ----· lklr l't,,.., 

.ethl CALIBRATION TOLERANCE 

o.:Moo 10 o.2i; 10 "' 
[LMU 15.JllinlTU 1:,:11 

0.-4!l00 to •J .0010 ,n 
(EMll 75.!>11li1IT\JR 13. 11 

0 .-:'400 lo J.76 10 •11 

ILMU75.1 1,1na1 111;•11 
0.!!!:'1l0 to 1.0010 of'1 

([MU 75.01,ln!lTlJn 13 II 

:.Ul!aW :o 11,0010 •• 
IEWU 78.111ifl1{ TIJA 1:1 ti 

7.0COO :u S.0010 ht 

(l: ll!l.'212. l 11>1111 lt-1 , r · ll 

11 .9110010 12.0010 in 
!1-:M/ 212.1,mVTUIH.7 II 

I Of.00 In ? 0010 111 
IEWU 212. • Ji tlfUH 4; 11 

l,9!,90 lo 2.0010 f, 
ll'P.11J 7ii a 111,1n m 11:11 

I .9'-J9C 11, 2 OUIC II• 
(1-M,I ·11;.8 J11'1(T\JR I l: I) 

Q1111lit:\ Kevlr-wtr: 
l'il!lmnit:L1•. M,kt 11'7(.!0IJ 

~ [Ir.• itll.i 
• /,., ,., l"'o1 , , i.. .. . .... :1', ., ., .. ·:, ,, .. , : t• 1:r ·,•' !'1/: ,11, ~.;i. .-. 1 ,r·::, . .. ,, .,., ,1,,: .~J,·:,1.-:f,1;,, ,··,: 1,'H• :r• i ·:.''. ,._ , .,., ,, r.'tJ , , 1•,.- ·/,·• ·: .··, ·.,h·:·,.', ·· ,;,. ,,: : -.·. ,,-. , ,. 

1 I •' ., . , , I I ... • .,, , , ;,, 1, .' I ,, •. , .. j ,! 1,1 • • -, 1 : ,, _. 11 ;1 • ·I ,' it,' 1 1, 1 1;,• : • ' , . ,,• ,. •' ,I •, I 11 ,•• 1 .· , ,· 1:, .• :.11, 1t , II ' I l j•• l
0

J.1;'\ 1 "l' J H I I • 11, .,.,, • .'' I 1 ,,, ,'! .. ,, ·, · ,.,: , 

I . ', ~ : I f , : I' ·011 1• I , , . " , , ' • ' : I ' • • I ,,- ., 1 . . .. l I .·, ,r1 ' . , ," J
1 
I; • ,, ;11 ,I l ' : ' , , , • ' ., ( ,' , : I :•, , • • 1,' ' 

;i ,111 ' ' I •I 

' I,• • I ;1 111 , i° , ,. ( I ' • • , I ' ,' , i I i , 11 ,,L . .. . 

Therrno 
SCILNIIJIC 

(f) ,a.taer eftllffc 
1'1190 1 nl I 
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INNOCAL® NIST Traceable 
Calibration Report 

Calibrated Onsite At: 

111111111111 i1iifiliiimii~IIII IIII IIII 
INNOVATIVE CALIBRATION SOLUTIONS 

625 Eaat Bunker Court 
Vernon HIiis, Illinois 60061 
PH: 866"'466-6225 
Fax· 847-327-2993 

www.innocalsolutions.com 

M1nuf1duru: 
Model Numbu: 
Ducriplion: 
Asstl Numbu: 

Fowler 

54-100-024-1 

Dimensional , Caliper 0-2•" Digital 

CAL-15 

Serial Number: CAL-15 

CTLGroup 
5400 Old Orchard Rd 

Skokie. IL 60077 United Stales 

Calibration Date: 
Calibration Due Dale: 
Condition As Found: 
Condition As l.dt: 

Procedure: DS Universal Caliper Digital '24" ± 0.002" 

Remarks: 

562566 

Reference Number: 416440 

PO 11:umber. 52155B 

a ---
03/04/2014 

03/04/2015 
In Tolerance 

In Tolerance. No adjustment 

NIST-traceable calibration performed on the unit referenced above m accordance with customer requirements, published specifications and the 
lab's standard operating procedures No adjustments were made to the unit 
N / A denotes parameter not availabk on this unot 

Standards Utilized 
. 

Anet No. Manufactu,., Model No. Descrlatlon Cat. Date Due O.te 

CP05079 Fowler 53-813-010 Dimensional, Gage Checker I 07115/2013 07115/2015 --- - - - -- - - ---
CP106083 Webber RS81A1 Dimensional, Gauge Block Set .1001 to 4" I 08/20/2013 08/20/2014 

Calibration Data 
FUNCTION TESTED Nominal V.lue AaFound OrlllltlT .. Aald _.,,.. CALIBRATION TOLERANCE 

Visual Inspection No nicks or bu1TS on 1aws PASS Same Pan/Fllll 

- - -·- - ·- -
Zero Test UUT can be zeroed I PASS I Same Pass/Fa• 

- . ---- -- -- - - -- - , 
Outside Mt8$U'emenl I 05000,n 5000 

I 
Same I O 4980 to 0 5020 in 

I (EMU 212 t µ,nJTUR 9.4 1) 
-·-·- - -,- - - . 

I 
- ---

I 1 OOOO in 10000 Same 0 8980 lo 1 0020 ,n 

(EMU 212 1 µ;nJTUR 9.4· 1] --- - - - ·--- ---- - ---· -- -· -
I 1 5000 ,n 1 5000 Same 1 4980 to 1.5020 ., 

(EMU 212 1µinYTUR94·1) ---- -- - ----- ··- --- -- -
I 20000 '" 2 0000 Same t .9980 IO 2.0020 l'l 

!EMU 212 2 µin}ITUR 9 4 1] ---- - -- - - .. 

i 
- - - -·- ·- - - · ··- -· 

I 8 0000 ,n 8 0000 Same 7 9960 lo 8 0020 ., 

(EMU 212 1 µ,nffTUR 9 4 1) -- - --- - - - - - - - -· - · --- -- - - -
I 160000 ,n 160000 Same 15 9980 to 16.0020 1n 

IEMU 212 3 µ1n(TUR 9 .4 ti 
- - - - - · - -- - ·-

I I 2•0000 ,n 2• 0000 Samo 23 9980 to 2•.0020 in 
IEMU 212 6 µ,nJTUR 9 4·1] - - --- . - - ·----·- -

lnsrde Measu,emern I 4 0000 in 40000 Same ! 3.9980 to 4.0020 in 
I IEMU 212.3 µ nJTIJR 9,4.1) 

- --- -~·-
-1 

·---- ----
Deplh Measurement 

St•p Depth Measurement 

Ttmp raturc: 
Humidity: 
Rpt .. ·o.: 

21° C 
30°-'> RH 
562566 

4 0000 in NIA 

-·i- ---- ---
4 0000 ,n NIA 

C1Ubndoa Perfon11cd By: 

Alexander. James D 
S111,c 

NIA I 3 9980 lo 4 0020 Ill 

(EMU 212 3 µioJTIJR 9 4.1) -- . 

I NIA 3 9980 lo • 0020 ;n 

IEMU 212.3 µtn)fTUR 9 4:1) 

QuaUly Reviewer: 

~etrologist 847-327-5338 Ziegler. Jeff 
n11< ''"- s ... 

fh1s ,epo,t may 11ot be reproduced. except ,n lull withou1 written permission of lnnocal The results srate<i m this report relate only lo the items tested or 
caltbrated Measurements reported herein are t1aceable ro SI 11nits via national standards ma,nramed by NIST ana were performed in compliance with 
MIL-STD-15662A. ANSI/NCSL Z540-1- 1994. IOCFR50 Append,~ B ISO 9002-94 and ISO 110?.5 2005 G1,ard Ba11dmg. 1/ reported ori /111s certificate, Is 
applied at a Z- lactor of 30% for test points 1111th a rest uncet1ainty ratio (TUR/ be!ow 4 1 The estimated measu,ement uncet1a1nty (EMU). ,t reported on 
//HS ce,1tlrcare, Is bemg ,cpo,red at a confidence level ot 95% or K=2 unless otherwise noted in the remarks sectIvn 

3/5/2014 
Dal< 

Thermo 
SCIENTIFIC 

Cl) ................. 
Page I of 1 
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INNOCAL® Amended 
NIST Traceable 

Calibration Report 
Calibrated Onsite At: 

111111111111 i1iiiii1fiilffi1IIII IIII IIII 
INNOVATIVE CALIBRATION SOLUTIONS 

625 EHt Bunker Court 
Vernon Hills, Illinois 60061 
PH; 866--166-6225 
Fax: 847-327-2993 
www.innocalsolutions.com 

Manufacturer: 
Model iliumber: 
Description: 
Asset Number: 
Serial Number: 
Procedure: 
Remarks: 

Sartorius Corp. 

CPA34001S 

Scale, 34000g ,c .1 g 

27750443 
27750443 
OS Universal Scale 

CTLGroup 
5400 Old Orchard Rd 

Skokie. II. 60077 United States 

Calibration Date: 
Calibration Due Date: 
Condition As Found: 
Condition As Left: 

635118 - 1 

Reference 1-wnbcr: 662018 

PO Number· 52522B 

06/23/2014 

06/23/2015 
In Tolerance 

In Tolerance, No adjustment 

NIST-traceable calibration p,!rformed on the umt referenced abose in accordan,c \\-1th customer requirements. publ ished spccitica11ons and the 

lab's stando.nl operating procedures No adjustments were made to the unit . 

Amended Report 63511 11-l supersedes Onginal Calibration Report 635118. The tlmrndcd report was issued on 6-27-2014. Unit needed serial II 
corrected 

Standards Utilized 
AHet No. Manufacturer Model No. Desc n Cal. Date 
CP40273 Riee Lake Weighing Systems 11884 Mass, 1g- 20kg ASTM class 1 set 06/02/2014 

Calibration Data 

DueOat. 

1210212015 

FUNCTION TESTED Nominal Vlllue As Found o..., .. Aa lAft o.t.,,. CALIBRATION TOLERANCE 

Zero OOg 00 Same l OOtoOOg 
Reference 

! -- ---
Weighr,g 3000 Og 30000 Same L 2999 7 to 3000 3 g 
Act:uracy (EMU 588mg) 

- --- - ----- -
I 6000.0g 60000 Same 

~ 
5999 7 lo 6000 3 g 

(EMU 786mg] - - - -- - - -- ---- -
I 90000g 90000 Same 

I 
8999 7 to 9000 3 g 

]EMU 791 mg] 
---·· - - --- - - ---

I 12000 0 g 12000 I Same I 11999 7 to 12000 3 o 
I !EMU 94 8 mg] 

- - - -- ---- -- - -· ·--- -
I 15000 0 g 150001 Same I 14999 7 lo 15000 3 g 

(EMUO 1401 
- -- -

i 
- i-- - -- - -

I 180000 g 18000 1 Same 17999 7 to 18000 3 g 
IEMUO 14g] 

------- ------- - -- - - ---- --
I 210000 g 21000.1 I Same I 

20999 7 to 21000 3 g 
IEMU O 20g] -- - -- -·-- i -

i 
- ··-----

I 240000 g 24000 1 I Same 23999. 7 to 24000 3 g 

I (EMU 020 OI ----- -- -- ---- --------
I 270000g 270002 ' Same 26999 7 lo 27000 3 g 

(EMU 0.21 g] - - --- --- - - - -- ... --
I 340000 g 34000 2 ! Same 33999 7 lo 34000 3 g 

(EMU 0.23 g) 
---·- - - >--- - --

Shi!Vload Test 100000g 10000 2 Same 9999 710 10000 3g 
Front Righi (EMU O 12 g] 
- · - - - ------- - -- --· 

Front Left 10000.0g 100001 Same 9999 7 lo 10000 3 g 

- -- - --· -- - ·-- ---- - _ . ______ . . !EMU 0.12 g] 

Left Rear 100000g 10000.2 Same 9999 7 to 10000 3 g 
(EMU 0.12 g] 

---·--- - -- ·---- --·- - - - -
R1gl\t Rear 10000,0g 100002 Same 9999 7 to 10000.3 o 

!EMU 0.12 g] 
- - -- -· -- -- -. , r · -

I 
---

I Repeatebil~y Test Pass PASS Samo Pass/Fad 

cf-'ColePannar ~-lb, Thermo 
SCIENTIFIC 

© ........... tlllflc 
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RPP-RPT-58254 

l'tmpuah1re: 
Humidit~·: 
Rpl . . o.: 

21° c 
50% RH 
635118 - 1 

C1Hbndo• Performed By: 

Alexander. James I) 

.S• .-t 

10/30/2014 -12: 51 PM 

Q•aUcy Reviewer: 

Mctrologist 847-327-5338 Pictronicco. Mike 
1'111r , ..... N• IDC' 

This report may not be reproduced. e,cept in lull. •.~1thou1 wntten perm,ss,on of lnnocal rhe results stated"' this report relate on/'y to the ,toms tested or 
calibrated Measurements reported herein are traceable to SI 11nits v,a nalion01 standards mamtained by NIST and were performed in compl/ance w,th 
MIL-STD--15662A ANSIINCSL l 540- 1 1994. I0CFR50 Appendix 8. ISO 9002-94. and ISO 17025 2005 Guard Banding, if reported on I/us cert,t,cate. ,s 
app!,ed al a Z-factorof 30% for test points with a lest unce,ta,n/y ra/Jo (TUR) below 4 1 The estimated measurement uncerta inly (EMU). if reported on 
this ccrMcute. ,s being 1epo1tcd at J co11tidence level of 95% or K=2 unless ot11e,w,se noted ,n the remurkS sect/On 

Report Numl>er: 635118 Sartonus Corp I CPA 34001S , Scale, 34000g x lg 

305 of 365 

7/10/2014 
D•t~ 

Thermo 
SCIENTIFIC 

(f) ....... 1c1.llllfle 
Page 2 of 2 
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INNOCAL® Amended 
NIST Traceable 

Calibration Report 
Calibrated Onsite At: 

1111111111111iiiiii11i11iir1IIII IIII IIII 
INNOYATIYE CALIBRATION SOLUTIONS 

625 East Bunker Court 
Vernon Hills, Illinois 60061 
PH. 866-4~225 
Fax: 847-3?7-2993 
www.innocalsolutions.com 

Manufacturer: 

Model Number: 

Description: 

WJR 

61161-171 

CTLGroup 
5400 Old Orchard Rd 

Skokie. IL 60077 United Stales 

Calibration Date: 

Calibration Due Date: 

Condition As f,'ound: 

541748 · 1 

Reference Numbc,r 474775 

PO Nwnbct 520468 

e ---
02/19/2014 

02/19/2015 

In Tolerance 

Asset Number: 

Temperature, Metal Dial Thermometer 

CAL-07 Condition As l.dt: In Tolerance, No adjustment 

Serial ~umber: CAL-07 

Procedure: OS Universal Bimetal 

Remarks: 
NIST-traceable cahbrallon performed on the umt rctcrcnccd above in accordance with cus1omcr requirements, published spcc1ficahons and the 
lab's standard o~rating procedures. No adjustments were made to the unit 

Amended Report 548748-1 upersedcs Original Calibration Report 548748 . T~ amended report was issued on J/ 11/2014 Accuracy changed to 
+/- 2.5°C per manufacturer specifications and customer request. 

Standards Utilized 
Aaaet No. I Manufacturer Model No. Deacrlotlon Cal. Date I DueDat. 
CP32277 Hart Scientific 2560 Temperature. SPRT Module I 06/1112013 I 06/11/2014 ----

-; Hart Sci~ntific 
-- ---- -- -------- -- -- -1 ----- ---- -- ·--

CP41979 . 5628 Thermometer, PRT-Temperature Sensor 08/14/2013 10/18/2014 

Calibration Data 
FUNCTION THlED Nomlnal Vllue MFound I Olill.,T .. ,.. Left 0.-flT .. CALIBRATION lOLERANCE 

Temperat\lre 

---

... 

·t,mperature: 21° C 
33% RH 
~8748 - 1 

Humidity: 
Rpt . ~o.: 

so ooo ·c I 50 

·--- - ---- - - . -
100 ooo ·c 100 

t--
11sooo ·c 175 

- - - - ·-. -
2so.ooo ·c 250 

CaUbntlo• Performed By: 

Cunney, Mark 
"'••c-

I Same 47 5001o 52.500 ·c 
IEMU 0.012 •C]!TUR 201 .11 

--- . -· 
I Same 97 soo to 102 soo •c 

I !EMU 0.013 •cj[TUR 187 .1 I . 
[ ' Same 172.500 to 177,500 ·c 

i IEMU O 016 ·cxruR 161 1) 
·- -· - - -· --·--·--· --

I Same 247.500 to 252.500 ·c 

1 ' 
!EMU O 018 'CITIJR 140 1) 

QuaUty Rnicw,r: 

Mctrologist 847-327-5344 Pietronicco. Mike 
Tolk ...... """"' 

Tlus report may not be reproduced. except in full. without wr,lten perm,ssion of lnnocal. The resu/1s s tated in this repo,t relate only to the ,rems testi'(} or 
cf!l1brared Measurements reported herein are traceable ro SI units vi<1 national standards mamtained by NIST and (Vere performed m compliance w,111 
MIi ST() 45662A ANSIINCSL ZS40- t 1994 I0C(R50. Appendix B. ISO 9002-94 and ISO 11025 7005 Guiird Banding. if reported on I/us certi/l(;ate. is 
applied at a Z-factor of 30% for test points 1·11th a test uncertamty ratio/ I UR/ below 4. 1 The estimated measurement uncMarnty /EMU). rf reported on 
this cert,lrcare is being reported at a confidence leve l of 95% or K=2 un less olhenwse nolEcJ m the remarks section 

--

--

3/11/2014 
D,k 

Thermo 
5CICNTlflC 

(f) ......... ,.llflflc 
Page 1 of 1 
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INNOCAL® NIST Traceable 
Calibration Report 

Calibrated Onsite At: 

I llllll lllll 1~ilii1iiliii1IIII IIII IIII 
INNOVATIVE CALIBRATION IIOLUTIONII 

625 EHt Bunker Court 
Vernon HIiia, llllnol1 60061 
PH : 866-466-6225 
Fax: 847-327-2993 
www.innocalsolutions.com 

Manufacturer: 
Model Number: 
Description: 

Humboldt Mfg Co 

H-2925C-1 

CTLGroup 
5400 Old Orchard Rd 

Skokie, IL 60077 United States 

Calibration Date: 
Calibration Due Date: 
Condition As Found: 

4-47415 

Rtf<ronct Number 474775 

PO t-:umber: 520478 

02/10/2014 

02/1012015 
In Tolerance 

Asset Number: 

Dimensional , CYLINDER CAP,4" 

1 Condition As Left: In Tolerance, No adjustment 

Serial Number: 
Procedure: OS Universal Cylinder Cap 
Remarks: 

Item calibrated per ASTM ('617 requirements. per customer request 

NIST-traceable calibration performed on the unit referenced above 111 accordance with customer requirements. published specifications and the 

lab's standard operating procedures No adJustments were made to the unu. 

Standards Utilized 
Anet No. Manufacturer Model No. De1crtnt1nn Cal. Datil 

CP30159 Fowler 54-100-112-1 Dimensional. Caliper Elect 12" Caliper 03/26/2013 

I DueDele 

I ! 03126/20!~ - - - ~·-- -- -
03/26t.2013 l 0312s12014 CP57036 Cole-Parmer 97231~0 Dimensional, Digital Micrometer 

Calibration Data 
FUNCTION TESTED Nomln1I Yalue At Found Oulelftl At Left Owl.,, .. CALIBRATION TOLERANCE 

Thickness 0.450 .n 0579 Same ,. 0.450,n 
(EMU 585 9 µ,nJ - -- - ·-·· -- -~----- .. - •·- -- - -· ·---·- -- -------· --------· ---

Recessed Ca.meter App<o• 4 178., 4178 Same 4 178 to 4.178 in 
4000m (EMU 0.0021 1n] - -- - l - - ---- --

Edge Diameter l ,n 2922 Same I >= 1 ooo,n 

i (EMU 0.0021 ,n) --- -·· 1-
Planeness OOOOO in 00005 I Same I <• 0.0020 in 

(EMU 115 5 µ1n) 
·- - ---· ·-

Gouge Deplh 0 000 in I 0000 I Same I <= 0.010 ,n 
(EMU O 0021 in) . - - - - -- .. --·-· ---- · ·- ---- - -- -

G~Atea 

-· 
P .ate Recen Depth 

TeDlperature: 
Humidity : 
Rpl. o.: 

21° C 
30%RH 
447415 

0 0000 in 

. l 05 ,n I 

Calibration Ptrformtd By: 

Alexander, James D 
Name 

0000 Same <= ooso ., 
(EMU O 0021 in] 

03660 Same <2 0 5000 in 
(EMU 0.0020 in} 

Q•aUty Reviewer: 

Metrologist 847-327-5338 Pietronicco, Mike 
Tttk , ... N• .. e 

T/11s ,eoort may not be rep,oduced. e,ccpt in full. without written permission of lnnocal The results stated in t/11s report relate only to the ,rems tested o, 
calibrated Measurements reported herein are traceable to SI m1Its via national standards mamlatned by NIST and were performed m com pita nee with 
MIL STD-45662A ANSIINCSL Z540 -1- 199,1. IOCFR50. Appendix 8. ISO 9007-94. and ISO 17025 ?005 Gt1i'lrd Banding, tfreported on this i:ertiltcate. 1s 
applied at a Z-f;ictor of 30% for test points v1I1/J a test uncettaillty ,atio /TUR) below 4. I The estImate<1 measureme111 unce,tamty (EMU). 1f reported on 
1111s certificate. ,s being repo,ted al a conhdence level of 95% or 1< ··2 unless othe,w1se noted m the remarks section. 

J/14/2014 
Date 

J'Cole Parmer ~--..... Thermo 
SCIENTIFIC © ............... 

Page I of 1 
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INN()CAL® NIST Traceable 
Calibration Report 

Calibrated Onsite At 
CTLGroup 

I llllll lllttilfllii1rilff fflffl 11111111 
INNOVATIVE CALl811ATION SOLUTIONS 

625 East Bunker Court 
Vernon HIiis, Illinois 60061 
PH: 866-466-6225 
Fax: 847-327-2993 
www.innocalso1u1ions.com 

Manufacturer: 
Model Number: 
Description: 

Humboldt Mfg Co 

H-2925C-1 

5400 Old Orchard Rd. 

Skokie. IL 60077 United States 

Calibration Date: 

447414 

Reference Number 474775 
PO Number· 520478 

Calibration Due Date: 
02/10/2014 

02/10/2015 

In Tolerance Condition As Found: 
Asset Number: 

Dimensional, CYLINDER CAP.4" 
6 Condition As Left: In Tolerance, No adjustment 

Serial Number: 6 
Procedure: OS Universal Cylinder Cap 
Remarks 

Item calibrated per i\STM C6 I 7 requirements. per customer request 

NIST-traceable calibration pcrfom1ed on the unit referenced above in accordance with customer requirements. published specifications and th~ 

lab's standard operating procedures. No adjustments were made lo the unit. 

CP57036 

Fowler 

Cole-Parmer 

Recessed Daimeter Approx 
4 .000in 

Edge o,amete, 

Planeness 

Gouge Depth 

Gouge Alea 

Plate Recess Depth 

Tempuature: 21° C 
Humidity: 30% RH 
Rpt. No.: 4474 14 

r 
54-100-112-1 

97231-60 

Dimensional, Caliper Elect ~t-~ alip~ _ 

Dimensional, Digital Micrometer 

Calibration Data 
Nominal Value As Found OuUHol OUlefTol C 

0.450 in 0.480 Same 

4.170 in 4 170 Same 

Cal. Date 
03/26/2013 

03/2612013 

>= 0.450 in 
[EMU 585.9 µlnl 

4.170 to 4.170 in 

Due Date 
0312612014 

0312612014 

CE 

_ [EMU 0.0021 In) _ 

1 in 2.830 Same 

+-------+---+------!-- - - - -- ... 

>= 1.000 in 

(_E~~-0:002_!. in) 

0.0000 in 0.0005 

- ·----· 
0.000 in 0.000 

0.0000 in 0.000 

--- -· ----- ·~---
O.S in 0.3650 

Calibration Performed Bv: 

Alexander. James D Metrolol!ist -~ ----- · ~ -•-

Same <= 0.0020 in 
_____ ., ____ ____ (EMU 115.5 µinJ 

Same 

Same 

< = 0 .010 in 
[EMU 0.0021 In) 

. 1 --·-

<= 0.050 In 
[EMU 0.0021 inJ 

<=0.5000 in 
(EMU 0.0020 In] 

Same I 

Oualitv Reviewer: 

84 7-327-5338 Pietronicco. Mike ---· - .. , __ __ -_- ~---- 3/14/2014 
n . ,. 

This report may not be reproduced. except in full. without wr,tten permission of lnnocal. The results stated in this report relate only to the items 
tested or cal!brated. Measurements reported herein are traceable to SI units via national standards maintained by NIST and were petformed in 
compliance with Mii -STD-45662A ANSl,11/CSL Z540-1-1994. 10CFR50. Appendix B. ISO 9002-94. and ISO 17025·2005. Guard Banding, if reported 
on this certificate. is applied at a Z-factor of 30% for test points with a test uncertainty ratio (TUR) below 4: 1 The estimated measurement 
unce,ta1nty (EMU) , tf reported on this certificate. is being reported at a confidence level of 95% or K=2 unless othe1wise noted in the remarks 

section. 

Thermo 
SCtfN IFIC 

<l) , .......... -. 
}'uxe J oj J 
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INN()CAL® NIST Traceable 
Calibration Report 

Calibrated Onslte At: 

1111111111111ilifiliilillii1IIII IIII IIII 
INNOVATIVE CALIBRATION SOLUTIONS 

625 East Bunker Court 
Vernon HIiis, llllnola 60061 
PH: 866-46~225 
Fu 847-327-2993 
www.innocalsolutions.com 

Manufadurn: 

Model Number: 

Johnson Level & Tool Mfg Co 

UNKNOWN 

CTLGroup 
5400 Old Orchard Rd 

Skokie IL 60077 

Calibration Datt: 
Calibration Out Dalt: 

Dtscription: 

Asset Number: 

Dimensional, 0-16" COMBINATION SQUARE 

JH11719 

Condition As Found: 

Condition As Ltft: 
Serial Number: JH11719 

Procedure: OS Universal Ruler 

Remarks: 

321193 

Reference Number. 379641 

PO Number. 516178 

-__ .,.,, 
10/03/2013 

10/03/2014 
In Tolerance 

In Tolerance, No adjustment 

NIST-lraccablc calibration performed on the un it rder~n~ed above in accordance with customer requirements, published specifications and the 
lab's standard operating procedurts No adjustments were made to the unit . 

Standards Utilized 
Attet No. Manufactu,.r ModtlNo. Detcrt on 
CP30159 Fowler 54-100-112-1 Dimensional, Caliper Elect 12" Caliper 03/26/2013 03/26/2014 

Calibration Data 
FUNCTION TESTED Nominal Value Al Found ....... Al Left Ollll-'TII CALIIAATION TOLERANCE 

Blhs Scale 0.5000 '" 5000 Same I 0.3750 too 6250'" 

!EMU 0.0020 n ][TUR 61 1 J - -
Blhs Scale 2.0000 in 2.0000 Same I 1 8750 to 2.1250 in 

(EMU 0.0020 n ](TUR 6 t 1 I ---- ... 

I 
--- -

I 
-· 

BIils Scale S.0000 ,n 50000 Same 4 8750 IO S.1250 in 

IEMU0.0020 n )[TUR6t 1! 

8ths Scale 100000 n 10 0000 

t 
Same 9 8750 lo 10 1250 in 

- - -- - - - ------------ ----- - - --- - [EMU O 002~ 10Jfl_1:J~ 6 ~ J 
et1,, Scale 160000,n I 16 0000 

I 
Same 158750 to 16.1250 ,n 

[~MUO 0020 in][TIJR 61 "1] 

mm Scale 200000mm I 200000 Same 19.00001021 0000mm 

!EMU 51 8 µm][TUR 19 1] -- ------ --- -
mm Sca'e 1000000 mm I 1000000 Same 99 0000 to 101 0000 mm 

I !EMU 51 .8 µm]ITUR 19 1] --------- -- - ----· - - - -- -mm Sca!e 2000000mm 200.0000 Same 199 0000 to 201 .0000 mm 

(EMU 51 8 l'ffl]llUR 19 1] 
- - - ---- - - - ----- - - --

mm Scale 3000000 mm 3000000 Same I 299.0000 to 301 .0000 mm 

- -· -- - .. -- -- ·-·--·- - - ---·· --- - (EMU 51 .8 µm~ 191] - -· 
mm Scale 400.0000mm 4000000 Same ! 399.0000 to 401 .0000 mm 

-- ·--- - ---- -- - -- - IEMU 518in,[TUR 191) 
-

mm Scale I 200000mm 200000 Same I 19.00001021 .0000mm 

·- - · ------ --- --- ----- _ tE~-~ .. : .\~in,~R 191] 
mm Scale 100.0000 mm 100.0000 Same ! 99 0000 lo 101 0000 mm 

I !EMU 51 8 µmlTUR ~9.1 I 

i 
- . -· --- ---- -- ----- -- - - -

mm Scale 2000000mm 200.0000 Same 1990000lo2010000mm 

I (EMU 51 .8 µmHTIJR 19.1] - -- --- t -
mm Scale 3000000mm 300.0000 Same 299 0000 lo 301 0000 mm 

(EMU 51 .8 µm)[TUR 19.1] - - - - - -·--· - ----
mm Sca!e 4000000mm i 400.0000 Same 399.0000 to 401 .0000 mm 

I [EMU 51 .8 tJm][TUR 19.11 ----·- . ---- -- .. -
161hs Scale o.sooo ... 50000 Same 0.3750 10 0.6250 in 

·--- .. - --------• - - __ _ ___ [EMU 0.0020 in](TUR 61 .1 J 
16ths Scale 2.0000 ... 2.0000 Same 1.8750 to 2.1250 in 

[EMU O 0020 in[TUR 61 "1) -------- - -·--·-- - -- - --
16ths Scale 

--- ~ 
5 0000 n 50000 I Same 4.8750 to 5.1250 in 

-- - - - - ---· - - - ----· - -- -- IEM~ o 0020 in}[TUR 61 1} 

t6U1s Scale 10.0000 in 10 0000 Same 9 8750 lo 10 1250 in 

! (EMU~inHTUR61 :!!._ __ ,_ - -16!hs Scale I 160000 in 160000 Same 1 S 8750 to 16 1250 ,n 

IEMU 0.0020 lnl[TUR 611] 

Thermo 
SCIENTIFIC 

® ~w..1111c 
Pago 1 o/2 



RPP-RPT-58254 

Temptratutt: 
Humidity: 
Rpt. ~o.: 

24° C 
45% RH 
321 193 

CaUbndon Ptrformtd By: 

Alexander, James D - -
N•-

10/30/20 14 - 12:51 PM 

QnaUty Rmtwtr: 

Metrc:ilogist 647-327-5344 Pietronicco, Mike 
. - - -- -- - -· n,i. ,_ ..... 

I his report may no/ be reproctuced except ,n lull 1wtho11/ wntten perm1ssI011 of tnnocal I he resuffs stated ,n this report relate onfy to the ,rems tested or 

cal:bratecl Measureme,Its reported herein are traceable- to SI um/s via nat,onal standards maintained by NIST and 1·1ero performed ,n compliance wrth 

MIL -S TD-4 5662A ANSltNCSL Z540-1-1994. 1 0CFR50 Appendix B. ISO 9002-94. and ISO 17025 2005 Guard Banding, ,I rei,orted on ttus ,;en1/1ca10. ,s 
applied at a Z-fadcr of 30% for test po,nts wi th a rest uncertamty rdtI0 (TUR) below 4 1 The est,mated measurement uncertainty (f-MUJ. 1( reported on 

rh,s certificate. 1s bein9 reported at a conl,dence level of 95% or K=2 unless otherwise noted in the rem,11ks section 
Report Number 321193 Johnson Level & Tool Mfg Co I UNKNOWN, D1mens,onal. 0-16• COMBINATION SQUARE 

310 of 365 

10/25/2013 - - -
Dal~ 

Thermo 
S C IENTIFIC 

(£) ,, ..... .. ,.llllflc 
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INN()CAL® NIST Traceable 
Calibration Report 

Calibrated Onsite At: 

I llllll lllll 1iifi1ii1iilflilllll llll llll 
INNOVATIVE CALIBRATION SOLUTIONS 

625 E11t Bunker Court 
Vernon HIiis, Illinois 60061 
PH : 866-'166-6225 
Fax: 847-327-2993 

www.innocalsolutions.com 

Manufacturer: 
Model !liumber: 
Description: 
Asset Number: 
Serial ~umber: 
Procedure: 
Remarks: 

UNK 
.001 " 

Dimensional , feeler gage 

M027255 

CAL-05 

DS Universal Feeler Gage 

CTLGroup 
5400 Old Orchard Rd . 

Skokie IL 60077 

C1libralion Date: 
Calibration Due Date: 
Condition As •·ound: 
Condition As Left: 

447219 

Reft rt n e :-lumber. 379641 

PO Nwnber: 51616B 

e ---
10/04/2013 

10/04/2014 
In Tolerance 

In Tolerance, No adjustment 

NIST-traceable calibration perfonned on lhc unil referenced above in accordance with cuslomcr rcquircmenlS. publi hcd specifications and lhe 
lab's standard operating procedures No adJustments were made to the un it 

A111t No. Manufacturer Model No. 
CP57036 Cole-Parmer 

FUNCTION TESTED 

Ttmptratu rt: 
Humidity: 
Kpt. l\'o.: 

Tuclmess 
Accuracy 

20° c 
50% RH 
447269 

I 97231-60 

I 
000100 in I 

CaUbratfoa Performed By: 

Alexandrr. James D -~-194' 

Standards Utilized 
Dlscrl n Cal. Date 

Dimensional, Digital Micrometer 03/26/2013 03/26/2014 

Calibration Data 
Mfouncl ...... r .. I Ml.efl 

00105 I Same 

Mrlrologisl 847-327-5344 
- ;:;,.;-- ''° ... 

I ""'"T" I 
I I 

CAUIRA110N 10LERANCE 
0 00060 to O 00120 In 

(EMU 100 2 µinl(TUR 2 0 1 I 

QuUlY Rmewer: 

Pictronicco, Mike 10/25/2013 
-- --;;;;-- D••~ 

I 

I 

This report may 1101 be reprodllceo except ,n full. without L'mtten permission ol lnnoca/ The resul!s stated in th is report relate only lo the 1/ems tested or 
callbratud Measurements repOlled /Je,ein are tracedble to SI units via national standards mamtamed by NIST and were performed m compliance wirh 
MIL-SI D-45662A, ANSIINCSL Z540-1-1994. IOCFRSO, Appendix B. 1$0 9002-94. and /SO 17025 2005 Guard Band111g. If reported on m,s ceml,c:ite, IS 
applied at a Z-factor of JO% for te5t points with a test uncertainty rat,o (TUR/ Oelow 4 1 The estimated measurement uncert11m1y /FMU) . 1f reported on 
th,s certihcacc. ,s bemq reported al a confidence level or 95% or K:2 unless otherwise noted in the remarl<s section 

rP~.!2,.~ •J T~~Hrr~~ {f) flsllerlca..tfflc 
Page 1 of 1 
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Tresca I Certffimte II: 26"6460003 M 

--~ 17025 Accredited Certific"te of Calibration 
t~:e -~ 
'<?.~'Sl ~a D1Tiol 

·••.····· ca..,_11 •• ,,, .,.,..,,. 
, ·.,.,111u1r o: 11u.•1 

Acct /1: 

Customt>r: 
107360 
CTI. Umm~ 

Manur11cturcr: 
Model: 

Suburban Tool, l r.c. 

SE- 12-TSA 

Shipper II: 
.\ddrt'ss: 5400 Old Ordmrcf Rou<l 

Skokie. IL, 60077 
Jcf:rey S. Leavitt 
5179!0 

Description: 
Serial Numhcr: 

Straight Edge 

M022509 
Co11l11ct: 
l'Ofl: 

As lkcrivcd 
I , loi<-<;,nc~ X 

: > : t " I rnlcrn n<.·t· 
Molf, .n.:: 11,.vr · r. 

ilr,crn· i11n;~ 
: >:amJ1~,·, l 

N,·I, 

Incoming Rcmark5: 

As Returned 
In Tok rnr cc )i 

l.lul o f l'o \ :1 f:f" ( C 

Mn11'nnc1Nr1Hlt_. 

C )j -.1 Jli~n,I 

WI\ 

As~ct Numbc:r: 
llarcodc: 

Action Taken 
! d i Cuhl>r,,ti:>n X 

~, M.:ri.'i l ( '.ilt '4 ,'1Mll'1 

l l :>e< \'or,l:,·11111111 

,'\.t•u.;ad 

l<.-,~~ll,-J 
t 1,n.u-d 

lh:l tA fOCd,, ,h 

( 'nl l>lllr: 

l>ur l)ulr : 
°l'l'llljHUl11n; 

ll11111idi1~: 
lhn 41 . l'rtJ~. : 
l'l'lll'fllllr~: 
Mrr.-rl'nrr : 

1)<1/,1 ;,t 11/ .,.,, I, ,.,. .,..,,,,.,,11 , ., lw1i:lr1- /,u 11 l.11 •111:l/ i~I, 1.11ml ,.J • II 111/J;) 11 ·Jing 

'l't"t'hnirnl Kc11111rl(s: 

12111/2(: IJ 

12/11 /21: M 
(18 .00 1kg. t,· 

35.IJO •1" 

1)("11, 047,1-1 
\JAVAIR 17-20\11 >-02 Rev 
0]-01 -09 

'l'ln· , .. , ,,m1111-·d m,~,"11 rt•Jhr111 :mt"t' i"!111,11r i.t f1.1)(Jmi.'li md,r.,, H· l,11 h , ,1Jtl • ·ttn, ~ tm 1~,1."1n, l1•1/ 1m,·,•t1t1/,,/\' 11tmJ: a :·m,•,•r,~gl' li" 1or fl. 1 11111~ro.tittu1hm: ,. \lj ¾ 
ccn1/1,1k"11n., ,~~~..,/ 

<.:el'I, II Manufnc1111·rr 
l ll~<JUll)l l-1 5 R«l:n ( i1a1} 

24 -~-1(,JOtl.H Soulh~rn ( iaj!c 

Calibration St111d11n.ls Utili1.rd 
.\fo1MN 
J <,.11 ~ -1 Rin 
9()1125 

l>r~cri11ti!>n 
S1 11 foe~ l'l;1t1: 
l 'n iv~'l ~.11 ll :a•l.~c1ro11 Amr Ii 

'I he 1h11vc idcnlilicd 11ni1 was rnlihrnlcd in our INhnr11lory al Ilic u1hlrL-s~ shu•rn bcl11w. 

Cril lhtc 
()J /l)),'20 12 

0<i!0•l,'201 ~ 

l>lll' Untr 
O'.\/OJ ,'20 I •I 
06i04,'2014 

lfu H•; ,•n I J'l' ic', .:ff) 11 i, • • c-ir~•J 1."'C',, \f:nl ll.,.r r ....S ,,.4 r ntw t' C' t t",11 .-..t.K t J . f).(4.f' t11 .'b1 . .. -iuuut ,t..- v 1i111.:u llf'f"o,,I uf I', ; .! J'la • , • .- , i- • 1 ln1 • 1'1hu :.:J ·lt i t, ~• .. ·J 1.-\.II, 11 t t-.1 1:,. .,,,,tin l~ l , ,., \ H,AJ 
nl , :t H f!I th tf\ •I I ... , ;-t U( r 11i.1t, t •J\ • :. ~ r,.! rru ~ -rl '.Ai ,& t (',ff1'1b,"l" r .. ,,rr 11 ... . ,,.i, o lk! _..,,.. \I -d ... ~ "' ,l\ \l UN ,•,1 11-c- (( (' i'U'. !Oft ' 1 1')1, Jt: r, n .. ;i1tnti.in A--;\1 ?(',kNtllBI ~ !rf::, '- kC, lth"( l ,i•lo Ille 
St 111,.~ t,h NISI II ' till • 1' fl'l t 'f!f. 11'('\I a.~& ... a l 1, t11 1al rotV. y , .... ,.i. .... '"'\Jutwtt1N .w ,.., , •.•• jlht, Li t UI t-111 0 , 111,io f)'J•t ~•r , ...... , ... ,;.,ff ti t'<) (', tffl, .. 1k.-w1 h• f. l •n1.-1tW, 1111'..l .vda l,it,,,. .... t eti : u1kln ..,,,,rut (\ i, l,Uf. I ian;e 
v- ~IJ 

r.sct: 11 t , ,.,;, ;'OJ'\ , AN~t•S CSl. / ~4 :. t tw ,, ,\Jrr,,.S I NC ' 1 Z'U O I l i-!(lt, , !I. HI. 'I.I'll 1' t.t): A, l)l ).4UI( .?UI , I( ('l·l t l'1111 ! l 
lH.,.:t l •arr11CJ all n-• l .•t '- .1 h":I .a ~ n ,::ir-rtnr'ft.'4 ' t;rft¢1y \'" J: ,~ •• , ..., .. ·c:•t ~ u,d u11111le .\ ttp..1 •lltJ~ h .. "')' 
• A"" ,t.U-lt\N I .. Cu tJ " 1.1 ) .· t 1ut1 h •,-:. ~ ·•r•t'l llr. l' tr., lrit\ 111.1 , f1 Jlc 11~-r k.tl.Wr :.h,: b ~ .,1a.. c1 -:., 1.i...U 

l".:d 11i.:i1111 N11m.::1>.11c ~✓t'~;~ 
J / 

1\111lmny ll,uti:n1. 12/11/2013 Sil!nnh>I)' : QA Apjl!ovcd © 
1200 N. Ol<I US 2J , PO lbx ~~9. l111rt ln11J . \ 11 ·111353 ,055'1 (81:1) '?25-46(11 F.'\X (Kl •: I) 225 -,1602 

I' ll !!, I vi' I 
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Report Number: 2646460003 

Report of Calibration 

Manufacturer: Suburban Tool, Inc. Account Number: 107360 
Model: SE-12-TSB 

Description: Straight Edge 
Serial Number: M022509 

Parameter Range 

Straightness beveled edge -

0.0000 in 

1.0000 in 

2.0000 in 

3.0000 In 

4.0000 in 

5.0000 In 

6.0000 In 

7.0000 in 

8.0000 in 

9.0000 In 

10.0000 in 

11 .0000 in 

12.0000 in 

Parallelism -

MF-3200 
REV: JUN10 

0-1 2 

Tolerance 

:t 0.0005 in 

1: 0.0005 in 

:t 0.0005 In 

:t 0.0005 In 

:t 0.0005 In 

:t 0.0005 In 

:t 0.0005 in 

:t 0.0005 In 

:t 0.0005 in 

:t 0.0005 in 

± 0.0005 in 

:t 0.0005 In 

:t 0.0005 In 

:t 0.0005 in 

Nominal 

0.0000 in 

0.0000 in 

0.0000 in 

0.0000 in 

0.0000 In 

0.0000 In 

0.0000 in 

0.0000 In 

0.0000 in 

0.0000 in 

0.0000 In 

0.0000 in 

0.0000 in 

NIA 

Technician: A.Barbera 
Cal. Date: 12/11/2013 

ID: M022509 

Low limit As Found High Limit As Left 

- 0.0005 in O.OOOOOO in 0.0005 in 0.000000 in 

- 0.0005 In 0.000050 in 0.0005 in 0.000050 in 

- 0.0005 in 0.000030 in 0.0005 in 0.000030 in 

- 0.0005 in -0.000120 In 0.0005 In -0.000120 In 

• 0.0005 In -0.000030 in 0.0005 In -0.000030 In 

- 0.0005 In -0.000060 In 0.0005 In -0.000060 in 

- 0.0005 In -0.000040 In 0.0005 In -0.0000'40in 

- 0.0005 In -0.000060 In 0.0005 In -0.000060 in 

- 0.0005 ln -0.000050 In 0.0005 in -0.000050 In 

- 0.0005 in -0.000060 In 0.0005 In -0.000060 in 

• 0.0005 In -0.000030 in 0.0005 In -0.000030 In 

- 0.0005 in -0.000050 in 0.0005 in -0.000050 in 

- 0.0005 in -0.000080 in 0.0005 In -0.000080 in 

NIA 0.000170 In NIA 0.000170 in 

Page 1 of 1 



RPP-RPT-58254 

INN()CAL® 
INNOVATIVE CALIBRATION SOLUTIONS 

625 East Bunker Court 
Vernon Hills, Illinois 60061 
PH: 866-466·6225 
Fax: B47-327-2993 
W1w1.innocatsofutions.com 

M:umfaclnrer: 

10/30/2014 - 12:51 PM 

N /ST Trt1cetl1,1t 
Calibration Report 

Calibrated Onsite At: 
CTLGroup 

:'i4[)(J Old < hdiarJ Rd 
Sk11kil' , ll.(10077 ll11ih.'d Stnh:, 

Cnlihrntion Dntc: 

I lllm lli1i1111111i111iiM1I 1111111 
447425 

Kl'li,1,·11el' N11111hc1 474775 

l'O N11111l ·1. 52046B 

e --""" 
Modrl Numhcr: 
l>(•scription: 
i\ssct Number: 

Mitutoyo 
543-252 Cnlibrntion l>nc Hntc: 

02/05/2014 

02/05/2015 
In Tolerance Dimensional, Indicator, 0.5/.00005' Digital 

15346 

Serini Number: 15346 
Procedure: OS Universal Indicator 
Rt'marks: 

Condition i\s Found: 
Condition i\s L<'rt: In Tolerance. No adjustment 

314 of 365 

NIST-1ra1:l·:1hk l·alihra1iu11 pcrfo1111cJ 1111 the 1111i1 rdc1,·11n:J ahu,c in aenml:111t·l· with l'll ~h•111,·r rcq11i r,·111c11b . puhli,h,·d ,pel'ilka1i1111, and the 
lah's ,tandard 11pcralill!,! pwccd111\', . Nil adj11,11111.·11ts wcn· math: In the unit. 

ssot No. Monufncturer 
CP05011 Fowler 

FUNCTION TESTED 
Zero fest 

Indicator 
/lccuracy 

Standards Utilized 
Model No. Ooscri lion 
53-670-036 Dimonslonat. Gage Block Set 36 Pc 

Calibration Data 
Nominal Villlll! A:. Found c,Tol As Left Qli(vt T4)} 

UUT can be zeroed P/ISS Sarne 

0. IOOOOin O 10000 Smnc 

O .:>t'XX10 in 0 :>0()00 s~me 

0.30000in 0 30000 Snmc 

O !>0000 in 0.!,0000 s.,mc 

Cal. Oato 
03/26/2013 

CALIBRATION TOLERANCE 
r ass/F~il 

0.0!'1!1~ In 0. IOfll!i"' 
If-Mil 48 4 µinn IIIR ., . 1: 11 

0. 19985 lo 0.20015 in 
ltMll 411.ti 1Jit1JI flJU J . I: I] 

0.:10985lo0.30015 111 
lf:Mll 48 711inJITUR 3. 1:IJ 

0 .4998!, In O 5001 f, 0 1 

ll:Mu 49.o 1unJI tun J , : 1 J 

11 ~rature: 21° C 
Humldit : 35% RI I 

t'ulihrntion 1\ •rfornl(•tl II) ; Quulit) 1t ... \i~·1H•r: 

pl. No.: •47425 ,\lc.\amkr. Jame, I> 
:-.-:,mw 

I 1, ~ , • •• I It 

" 
, •1 1• 1 ,,,,~ f, .. :t ·/ , Ho·.~ _•Jl ! •11 1, ,1,' ,.,i/lui) •.' 11j' 

,•ti .,,, i .,. I.,,.,, , ,, , ,, 
• I} I I • 

f\ktrnh•)!i,l 847 -327-5338 1•i~1r11nit:w, Mih· 211 .l/20 I ,I 
li1k 1/'f}uflr Sarnr lhh' 

'/•t•i'. 1 •::ii., lrf , •.J111 fl,, •.• •:1,, r.• •:'l,1 r• ! :.).t,, ,.,· ,. f, .,,1, ., ,, 

",•' t' .,, .• , • • , •11 •,1• f, ,•I .' :;-- I • , . . 11 ; I " JI• ;'I • '·. , I 

•; ,, 1, •,1{,,,. , , ,,, ,I> J,,, ' , ,•1;: •' 'ii' , , , .,.,. ,. 1 : '1 , •• I / Jt 1 i!, 1
,, 'I 1, • . ,, ,; , i' ,. J J. I ·'\ 1I • 

1 
I ''•t't 1·, ! 

• • 1'• I I If: I ,• •' l , 1, 1J, ,,. ' -~ 

S CtlNll l lC 

l'.1g,, In/ I 



RPP-RPT-58254 

INN() 
INNOVATIVE CALl8RATION SOLUTIOIIS 

625 East Bunker Court 
Vernon Hills, Illinois 60061 
PH: 866-466-6225 
Fax: 847-327-2993 
YNtw .innocalsolullons.com 

Mnnufoclurcr: 
Model Number: 
l>cscriplion: 

Mitutoyo 
543-252B 

® 

10/30/2014 - 12:51 PM 

N ST Tnu e, blc 
Calibration Report 

Calibrated Onsite At: 
CTLG.-onp 

:'i40O OIJ On:hanl IM 
Sl.111.ic. II . 60077 l l11i11:1l Stale~ 

Culibration l>ak: 

111111 llli mu'u1uniiiu 11111111 
4 ' ' 

lh:frrcn,'\' N11111hcr : 474775 
l't) N11111hc1 : 520468 

e ---
Cnlibrntion Due l>:itc: 

02/04/2014 

02/04/2015 
In ·ro1erance Condition As l•'ound: 

315 of 365 

Asset Number: 
Dimensional , Indicator .5/.00005" Digital 
338-87 Co11ditio11 As Lt•rt: In Tolerance. No 11djuslmc11t 

Scri:11 Numhn: 24143 
Procedure: OS Universal Indicator 
ltcmnck.-;: 

NIST-tr:u.:cabl~ e:1lihra1ion pcrrm11wd 011 the t111i1 r,•f1•r1•m·ctl ahow in :1<'l'11rda11n• ,, ith 1·11,11111 11·1 r,·q11 in·111<•11I~. puhl i. h,•,1 ,1ll.'cilic:11io11~ and lhc 
l:1h's M:111J:ml upcralint prnccJurcs. N1) n,lj11~1ni.:nt.- we,.- mad· lo the 1111il. 

Standards Utilized 
A et No. Manufacturer ____ --"M_od---=-1--'N ___ o""._ Cal. Date 
CP05011 Fowler 53-670·036 Dimensional. Gage Block Se1 36 Pc 03/26/2013 

ln<liCAIOI 
Accwacv 

21 C 
32% Rl i 
447420 

Calibration Data 
• Hot A!- L ft 

UlJl c.,n bo zeroed Snmc 

0 10000 In . 1000!'> !-.1mc 

020000 in 20000 Samo 

0.JOOOO in ;j()()()(J Same 

0.!10()00 ill .50000 ~1U1U 

C ·.1llhn11lnn l'1•1•l'11rmt>tl lh: 

All·.,andcr. J,1111l', I> r.k1rllllll,!i , 1 81\7-327-5338 
!\£a11lit' Htlf' i'bnnf' 

0 .099U!i lo 0 .10015 •11 

(£: MU42,711ln IUH:l.~: II 

0 .1998510 0 .20015 in 
{EMU 50.3 pk,~l un 3.0: 11 

0.2998510 0 .3001!> 111 
{l· MU 57.9 11111UTUn 2 6: II 

0.49005 to 0 .5001!> in 
11:MlJ t3 .2 11inJ[l un 2 .o: 11 

()until) Rl• \ it•1u•r: 

l'il'lm11icc11. Mik,· 
N :tll le' 

2/12/201 4 ..... 
II ,·'· , ··Jt\l, u•,iy ,,.,:t,:• ,, ;,·, 1 '1•, ti ,·w·1.•J t,,, f,,'J , .,,,t:1., : ~"1tl',"1 11t ·10 1, . . u~n, 1' /nn,,,. f }I:, • 1, •·•11!/ ~! ·l~~ f 111 lll i!'>. u:, .. ,,; f 1tl.1tt , ... 11tvf, 1 tltl ,tt'ili: ,,,.:.t1 '•"'' 

?!,l •.,lt •' t~ t,.,, , .:.l'fl' ,;1, 1·· ·rr·,/ht ., .,\,,, f1.l1 t, t( ! ,,,'.:1,,,,., \'l t t·. :i I :,.,1,.r-.,,, ., 1/,•,11, .,,,., Nl:ii ,, ~,h •t ·r.:tf ,,.,,.;,, , ,, ,.,,,·, 'I •{h 
f.Hi~1J1,,,, .• ,,,.,,, .• •, / {'J ' I i11•ll!l: J. t1U .'l h ~ 11 .'i'~n,ln.lJ/.',~1:'u,> :' . ,, /,(.' /1(',, l 11,. ~111.u tJ,•.!,,.:f''ff: '1t•l1,1t• · t i,11it,.:i 1 

:1·;.1,, i ,J, , / ; ,, r, ., l , ,, ,,,, ,€ •.. ,,,, ,,•i:.i .'t/J1:,,, ... , ,,,11 ,t, 1Jl r,!1•>r / 1°;, , ,,,.l' 1' I,,,. ,-:::f_• 1,il,dt•:.•,~(lf1. 11 , ,i/1•11• ·r• 1· ·1r, 1~ •. ;t-t~,I) l.'ltl .,,,,, ,p 
tl11 c', •111,1 .. r 1: I • • ,.; , : •,1 I • I I , , •nlti,, ,,1,:t I· , , , 1! 't • , ,. I, , ·,,1 ,-~ 1•:J .', •, ,. • t 11 fl• t u· 1, , .. 1 

SCll:N r 1•1t 
C 

P,l!Jf' l ol l 
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€trtfffcatt tPf €ali/Jratfon 
Equipment Calibration was performed at the address below for 

Manuracturer: BALDWIN 

Model: BTt: 

Language: Lbs 

Range 

400000.000 

160000.000 

16000.000 

CTLGROUP 
5400 OLD ORCHARD ROAD 

SKOKIE, IL 60077-1030 

Date of Calibration 

Thursday, September 26, 2013 
Calibration Performed By 

Cal-Rite Corporation, Naperville, IL 

Machine Profile 

ao 
Certificate # 866. 0 I 

Calibration 

Customer# : 

Capadly: 400000 Nut Calibration: 26-Sep-2014 

71.0 F/65.0% SNial #: 150054 Temp/Humidity: 

Force Calibration Result Accuracy 1.0% 

Verified Ruge Force U ncertalnty o/e Maximum Ern>r "• 

40000.000 - 400000.000 0.30 0.32 

16000.000 - 160000.000 0.30 -0.27 

1600.000 - 16000.000 0.30 -0.37 
(,'A,l,Rll '- CORPOIATIO.S KA!1 CALIIRATl:O nn: Tl:STISG l.QUIPM£NT Dl:&CRtlt.D AIOYl: l!'i ACCOROANCt \\'RH THll U TUT ii'.HCIFIC.AllOfiiS t•~·••J I, IS0,.11'.:C 
IUlS A~l) ISO HOil-i Ar-o MIWTD ~JA). AI.L \'l'.RIFK'ATION Of\'IC" CALINA1"[0 I N ACCOaOANCI Vt'rnt ASTil1•tf4 PIIACTICts A.irr.o AR£ TllACl'.A9l[ TO NIST. 

1 IU$ CU1'1.K"A1 t at:UTU ONLY 1'0 TIit; lff.MS CAL1M.A1ED, 
'UII. L'SCli.kTAlt\T\' Of TdtCAUH.A.1"10!11 PR()("ffl " 'A$ l:!iiTil\UTt:o ATTilt: ts% coxnou,c&LIEVEL (1(• 2}, 

lit[ CQl. IHl[!'i'T unt:D ,HOYt; JI.U l\l ET A.LL .lPPUCAll.E Cl.Al5Sf.5 o, THE GOV[DINC Srt:Clf1CATI~ \!~LES$ ~OTt:o N:LOYt'. 

0 I 0.1 Lower Limit below 200X Resolution 

. 0 I0.3 Less than 5 readings taken below IO¾ FS 

SIHcif.coJion: ASTM E 4-10 

0 10.5 Does not return to zero in 30 seconds 

O 18 3 Does not meet +/. l % accuracy requirement. 

QMS Revision: 01-13 

Service Comments: Inspected and calibrated a Baldwin BTE load frame, crosshead and controls for 
proper operation and perfonned preventive maintenance on system. After the maintenance was 
completed, the machine force was calibrated in accordance with ASTM specifications. No parts, 
repairs or adjustments to the calibration were required. The machine is in fair working condition at 
this time. 

As Found Condition: In To/eranu 

Service Order #: 13162 - J SERVICE ENGINEER 

A.s a mutua! prottc:ltOfl io lhe- purthuet, the pubhc. and ours~h-cs. all (aJ.R.Jte uhbrarion ,epons osc subrnintd as the confidmtiol property of the pu,dwtt, and any 
authonutton for public.ition of 1111ements. conclusiOfts, or cxtrullons from or reg11din& ow rtpOru is re:strvtd J)ffl(Lng ou, pf\OI .__.Tinoi approval 

STDM0l-13 Page I of2 Customer PO#: 514198. 

316of 365 
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6 0 40 
VwW>N C A R I r co~ Cert ificate# 866.0 I 

Calibration 

REPORT OF CALIBRATION 
CTLGROUP 
5400 OLD ORCHARD ROAD 
SKOKIE, IL 60077-1030 

Manufacture: BALDWIN 
Model: BTE 
lndkator: DIAL 

RtjolutloD: 125.00000 

R'Ho ---0 00 0 00 

1000 40.,000.00 
2S 00 100.000 00 

sooo 200.00000 

n oo ]00.000.00 

100 00 400.00000 
UroRclura: 

Ra• J,t: ''°* UH 

n% ·--0 00 0.00 

1000 lb.00000 

25 00 40.000 00 

5000 10.000.00 

7l 00 120,00000 

10000 160.000.00 

ZttoRthlH: 

Ra• i r: 1'000 l.b, 

"'"' ·--000 000 

10.00 1.600.00 

2! .00 4.000.00 

so 00 1.00000 

75 00 12,000.00 

10000 16,000.00 

UNtRt t11rn: 

R•a~c: U Lbs 

'5% -0 00 000 

1000 000 

2S 00 000 

50.00 0 00 

1HO 000 

10000 0 00 

ZnoR.t:1un: 

"'' ... AaML All.aft 
0000 0.000 0.000 

40,0IU65 0,000 40,0I S. 751 

99,l l'.1072 0000 100,019 110 

200,1!6 120 0000 200, 156.120 

100,078674 0000 00, 168.764 

401.261210 0,000 01,298.2!1 

O.N "lo 0.00 % 0.80 % 

Rts0haUo• : !O.OONO 

"'' ... "' .... JUIAft 
0000 0000 0.000 

I0,025 724 0000 16,0JI 725 

40,055.116 0000 40,075 849 

79,838.789 0.000 79,918 941 

11 9,678.04) 0000 119,711 120 

1 l 9,&9l .994 0.000 159,984. 11 5 

UO% 

RctolutlH: UIGOO 
I .too/• 

"'' ... ,u ... ,. 
0,000 0.000 

1.!9107l 0.000 

l ,915.0H 0000 

7,010 114 0.000 

11 ,959 ll6 0.000 

15.9'16.721 0000 

0.00 % G.00 % 
RHOlulMA; 

11a, ... /la.UL 
0.000 0.000 

0000 0000 

0.000 0 000 

0.000 0.000 

0000 0.000 

0,000 0.000 
0,80 •/4 D.80 °/4 

/lal.d 
0000 

1,599 !75 

l .919 Oll 

7,979114 

11 .97l SJ7 

15.9'9 721 

0.00% 

O.tooOO ,.. .... 
0000 

0000 

0.000 

0 000 

0 000 

0 000 

o.oo•/4 
Calibrating Apparatus Used 

Capacity: 400000 
Serial #: 150054 
Shunt#: NIA 

% Mulnw In#% 
0 000 0000 0 000 

O 17l lllM Ol U 
.0 160 - 120 928 .0 121 

0,000 l lb 120 0078 

-0010 161.764 0056 

-0.007 1,291 lSl 012~ 

A(uraty +/... 1.0-h 

% Mulnw 1'"'11, 
0 000 0.000 0000 

-0.017 Jl .725 0 191 

-0.0SO 7l 149 0 l'lO 

-0125 -161111 -0202 

-0 044 -l11 9H -0 268 

.o.oso · 10<>006 -0.066 

s\nYHC)' +/. 1.0% ........ lnw% 
0000 0.000 0 000 

-0 094 - 1925 -0120 

-0100 -14~1 -0174 

0011 --10616 .0259 

-0114 -40~64 -0)17 

0044 - 10 277 -0064 

Ai"<t1f'l t)' •I• 1.t% 

%Mulnw .... ,. 
0000 0.000 0000 

0 000 0000 0000 

0.000 0.000 0 000 

0.000 0.000 0 000 

0 000 0000 0 000 

0 000 0000 0.000 

Ma• ur•cture Serial Number Capacity Cl•-A 

STRAINSENSE 101208 600000 25725 

STRAINSENSE 030210 60000 2000 

MOREHOUSE P-8410(Hl) 6000 100 

Calibration Date: 

Next Calibration: 

Customer#: 

26-Sep-2013 

26-Sep-2014 

Temp/Humidity: 71 .0 F/65.0% 

Test Direction: COMPRESSION 
External Cell: NIA 

Temp Variance: 1.1 

1.incarlty Profile (Percent full Scalt) 

t--------.. ---· - •-----

... , ... - ''"' 
Llnurlly Profitt (Ptrctnt full Scale) 

~ ---- -• 

"" '"" - - ,.,. ·-
l.lnearlty Promc (Ptrccnt full Seal<) 

l -----...... ...----·---........ ----

'"" - -
Uncarlt)' Promc (Percent full Seal<) 

I • • • • • 

... '"" - - ""' 
,_ 

C• llbr•don Date C•Ubr•tion Due 

4/1112013 4/11 /2015 

4/11/2013 4/11 /2015 

4/1 1/2013 4/ 11 /2015 

@ SPECIFICATION COMPI.IAN'f 

Specification: ASTM E 4-10 

Colibrotion Proced11re:CRI00 Rev 16 

0 REPAIRED· 0 ADJUSTED- CONDITION: Fair 

O /\ - I Veri fied Outside Testing Machin~ O 7.3 lnlerchangeabili1y Eslablished 

!Service Order#: 13362- 3 
GIL GUTIERREZ 

SERVICE ENGINEER 

As a mutual protection to the purc;haser. the public;, and ourselves, all Cal-Rite c:atibration reports are submitted as the confidential property of the purchaser, and 
any authorization for publication of statements, conclusions , or extractions from or regarding our reports is reserved pending our prior written approval. 

STDM Ol-13 Page 2 of 2 Sot\ware Version: NI/\ 
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PUNDIT 
Purpose 
The PUNDIT (Portable Ultrasonic Nondestructive Digital Indicating Tester) is used to measure the 
propagation speed of a pulse of ultrasonic longitudinal stress waves. The ultrasonic pulse velocity 
(UPV) that is determined can be used for the following applications: 
• Evaluating the uniformity of concrete within a structural member 
• Locating internal voids and cracks 
• Estimating severity of deterioration 
• Estimating depth of fire damaged concrete 
• Evaluating effectiveness of crack repairs 
• Identifying anomalous regions for invasive sampling with drilled cores 
• Estimating early-age strength (with correlation) 

Principle 
A pulse of ultrasonic (> 20 kHz) longitudinal stress waves is 
introduced into one surface of a concrete member by a 
transducer coupled to the surface with a coupling gel or grease. 
The pulse travels through the concrete and is received by a 
similar transducer coupled on the opposite surface. The transit 
time of the pulse is determined by the instrument. The distance 
between the transducers is divided by the transit time to obtain 
the pulse velocity. The longitudinal pulse velocity, CP, of an 
elastic solid is a function of the elastic constants (modulus of 
elasticity, E, and Poisson's ratio, v) and the density, p. 

C = 
I' 

E(l-v) 

p(I + v)(l - 2v) 

The UPV test method is governed by various standards 
including ASTM C597, BS 1881:203, and E 12504-4. The test 

method is totally nondestructive and it is possible to repeat the test at the same point at different 
times to determine changes of UPV with time. 

The figure to the right illustrates different conditions that may be 
encountered when testing an element. At the top, the path between 
the transducers is through solid concrete, and the travel time would 
be the shortest. Below that is the case where there is an internal 
pocket of porous concrete, such as honeycombed concrete. The pulse is 
scattered as it travels though the contiguous portions of the 
honeycombed concrete. As a result, the travel path is longer and the 
pulse travel time is longer. This results in a reduced pulse velocity. In 
the next case, the transducers are located so that the direct travel 
path is near the edge of a crack. The pulse cannot travel across a 
concrete-air interface, but it is able to travel from the transmitter to 
the receiver by diffraction at the crack edge. Because the travel path 
is longer than the distance between the transducers, the apparent 
pulse velocity is lower than through sound concrete. In the lowermost 
case, the pulse is reflected completely by the crack, and travel time is 
not measurable. 

Precision and Accuracy 
The UPV test is highly repeatable. For tests of sound concrete, the 
coefficient of variation for repeated measurements at the same 
location is 2 %. The accuracy of the pulse velocity is a direct function 
of the accuracy of the measured distance between the transducer 
faces. The PUNDIT instruments have a transit time resolution of 0.1 µs . 
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Two models are available: The PUNDIT Plus and the PUNDIT 7. Both instruments are capable of 
investigating the structural integrity of concrete, ceramics and refractory, timber and other 
materials. They include the following features : 

• Light, portable, rugged, simple to operate 
• Rechargeable battery and 110/240 VAC 50/60 Hz power supply 
• Large, highly visible LCD display 
• RS232 and oscilloscope outputs 
• Largest range of transducer options (24 kHz to 1 MHz) 
• Designed for laboratory or field operation 

Key featu1·es: 
• Auto ranging transit time display; up to 9999 µs 
• Programmable trigger rate 
• Wide range of pulse repetition frequency 
• Measure transit time, pulse velocity, and elastic 

modulus 
• Three transmitter voltage options; 250 V, 500 V, 

or 1.2 kV 
• Data t ransferrable to Excel® spreadsheet 

PUNDIT Plus Ordering Numbers 
Item Order# 

PUNDIT P lu with data conversion software for PP-1010 
downloading to Excel® 
AC power cord PP-1020 
Two 54-kHz transducers (transmitter and receiver) PP-1030 
Two 3. 7 m cables PP-1050 
Couplant (250 mL bottle) PP-1060 
Operating manual (CD ROM) PP-1070 

Optional 
I Attache case I PP-1080 

PUNDIT 7 

Key Features: 
• Auto ranging transit time display: up to 6.553 ms transit time 
• Signal level bar graph 
• On screen display of test settings 
• Remote control by PC through RS232 port 
• Four transmitter voltage options: 250 V, 500 V, 750 V, or 1 kV 
• Wide range of pulse repetition frequency, up to 100 Hz 
• Built-in rechargeable batteries 
• Auto detecting of AC power supply 
• Built-in handle also functions as stand for bench or field use 
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PUNDIT 
PUNDIT 7 0l'de1·ing Numbers 

Item Ordc1·# 
PUNDIT 7 P7-2010 
AC power cord P?-2020 
Two 54-kHz transducers (transmitter and receiver) P?-2030 
Verification bar P7-2040 
Two 3 m cables and serial cable P7-2050 
Couplant (250 mL bottle) P7-2060 
Operating manual (CD-ROM) P7-2070 

Optional 
Carrying case for easy use on-site P7-2090 

A range of amplifiers and attenuators are available to cover a variety of applications. Also, cables up to 30 min 
length can be ordered, along with different coupling fluids to suit various applications. 

Optional Transducel'S 
Transducers with resonant frequencies from 24 kHz to I MHz are available, including wheel probes 
for continuous testing in the field or in a production environment. Use lower frequencies for large, 
dense, and heterogeneous test objects and higher frequencies for smaller, less dense and more 
homogeneous test objects. General guidelines are: 

Concrete: 24 to 150 kHz 

Timber: 150 to 220 kHz 

Ceramics: 24 to 220 kHz 

Graphite: 200 kHz to 1 MHz 

Cast iron: 1 MHz 

Order# Freauencv Nominal Dimensions 
UTR24K.HZ 24 kHz 50 mm dia x 96 mm 10111?. 

UTR37K.HZ 37 kHz 50 mm dia x 50 mm lone:. 
UTR54K.HZ 54 kHz 50 mm dia x 38 mm lone:. 
UTR82KHZ 82 kHz 33 mm dia x 34 mm lone. 
UTR150KHZ 150 kHz 25 mm dia x 34 mm lone. 
UTR200KHZ 200 kHz 20 mm dia x 34 mm lonl?, 
UTR220KHZ 220 kHz 6 mm dia ti)), 13 mm dia body 60 mm long (including connector) 
UTR500KHZ 500 kHz 6 mm dia tip, 13mm dia body, 60 mm lone (including connector) 
UTRlMHZ 1MHz 15 mm dia x 67 mm long (including connector). 

Operating temperature range for transducers is Oto 70 °C. 
A waterproofed option is available on the 24, 37. 54 kHz transducers by special order for applications requiring 
use in wet conditions or immersion up to 1 m depth 
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GERMANN INSTRUMENTS A/S 
Emdrupvej 102, DK-2400 Copenhagen. Denmark 
Phone: +45 3ij 67 71 l 7, J<'ax +45 89 H7 :n 67 
E-mail : gcrmann -cu@germann.org Web : itc: www .gcrmann .org 

GERMANN INSTRUMENTS, Inc. 
· 845 Forest Vi ' W Road, Ev:rnston. Illinois 6020:3, USA 
Phone: (847) 329-9999. Fax: (847) 329-8888 
E-mail: germann@gcrnrnnn.org Wt.•b Site: www .gcrmann.org 

Test smart - Build right 
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REVISION 1 
APPROVED BY: C. OLSON, J . LEAVITT 

DATE : 09/1612011 

Quality Operating Work Instruction 
QOW 26-009 Ultrasonic Pulse Velocity (UPV) Testing on Co~~e_te _structures 

Purpose 
This work instruction describes the procedure to perform Ultrasonic Pulse 
Velocity Measurements (UPV) on concrete structures. 

References 
ASTM C 597 
ACI 228.2R 

Definitions 
"Ultrasonic Pulse Velocity" - The measured transit time of an ultrasonic pulse 
through concrete consists of the sum of transit times through the aggregate and 
the paste. A measured distance between sensors can be divided by the transmit 
time to calculate the Ultrasonic Pulse Velocity in concrete. (ASTM C 597) 

Equipment and Supplies Needed 
Ultrasonic transducers 
Control box 
Liquid couplant and/or Putty Compound 
Plastic film 
Tape measure 
Marking utensils 
Known calibration bar (if applicable) 

Work Instruction 
1 . Obtain and review any drawings available pertaining to the concrete element. 

2. Lay out test grid in the test area, taking care to avoid areas of steel 
congestion and direct steel paths between sensors. 

3. Inspect the test surface, grind to smooth if the test point surface is extremely 
rough. 

4 . Document the distance between sensors or the thickness of the element. 
Note any drastic changes in thickness variation . 

5. Connect the Ultrasonic transducers to the control box. One transducer should 
be connected to the transmitter (TX) and the other to the receiver (X). 

6. Couple the sensors to the structure to transmiVreceive the signals using one 
of the following methods: 

a) Spread liquid couplant on the transducers (often required to transmit 
through longer path lengths) 

Page 1 of 2 

This document is unconlrolled if printed or saved oulside ol lhe EOMS. 
II is the responsibility of lhe user to follow lhc current version of ar1y Oualily Syslem Document 

Revision hislories and approval signatures are kepi eleclronically. 
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REVISION 1 
APPR0VE0BY:C.OLSON,J.LEAV11T 

DATE: 09/1612011 

Quality Operating Work Instruction 
QOW 26-009 Ultrasonic Pulse Velocity (UPV) Testing on Concrete Structures 

b) Place an even layer of a putty compound on the sensors and cover with a 
thin plastic film (accurate through shorter path lengths). 

7. Perform a calibration of the ultrasonic transmit time one of two ways: 

a) The "Pundit" is calibrated by applying the chosen couplant to the sensors 
and placing them together to perform the "Zero" time calibration. 

b) UPV equipment manufactured by James Instruments, Inc. is calibrated by 
applying the chosen couplant and adjusting the measured time to the value 
of a known calibration bar. 

8. Place the sensors on the marked grid points and record the measured UPV 
transmit time. 

9. Repeat step 8 five times at each grid location on the test grid (ACI 228.2R). 

Related Documents 
Not Applicable 

Pago 2 of 2 
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Tresca I Certificate #: 

~ - 17025 Accredited Cerlijicale of Calibration 

Acct fl: 107360 Mnnufacturcr: IMI Sensors 

Customer: CTI , Group Model: 603COI 
Shipper#: Description : Accelerometer 
Address: 

Contact: 
PO#: 

5400 Old Orchard Road 
Skokie, IL, 60077 
Jeffrey S. Leavitt 
521388 

As Received 
In Tolcroncc X 

Out of Tolerance 
Mnl runeliou111~ 

Opern1ionnl 
UamagcJ 

N!A 

As Returned 
In Tolemncc X 

Uut of Tolerance 
Malfunctionml) 

Opcrolianill 
N.f,\ 

Serial !'\umber: 41936 
Asset Number: 
Barcode: 

Action Taken 
Full Calibration X 

Sp..-c,.i l.'ahbral ion 

OJ><-.. . Vc11lk :11iu11 

Adjust•'<I 
Rcpl ired 

l11unc,J 

Cal Date: 

Due llate: 
Trmprraturr: 
llumldity: 
Baro. Prus.: 

l'rottdurt: 
Rdtrtncc: 

Incoming Remarks: Rctum~A• Is Dtpl: 

,u/011ll 

Tcchnicnl Remarks: 

Cert. # Manufacturer 
248463000 l PCB 
265\1590018 TMS 

Calibration Standards Utilized 
Model II Description Cal D11te 
442AI02 Signal Conditioner 06105/201 3 
91 SSC Accelerometer Cnlibration W 01124/20 14 

The nl>o vc identified unit wns cal ibrated in our lahorntory at the addr ess ~hown below. 

03/19/20 14 
03/19/201 S 
73.00 deg. F 

30.00 % 

OCN 50009 
manufacturer's rmmual 

Du~ Date 
06/0512014 
01/24/2015 
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Trescal ,,,,,,-----
1 of 1 

Manufacturer: IMI 

Model Number 603C01 

Serial Number 41936 

Axis : Uniaxial Worko<der 2729590001 

Range: 50.00 +I- 9 Account# 107360 

Test Level : 1.00 g Technician: J Leonard 

Description: ICP® Accelerometer 

Phase Response 

·9 
c:n -29 1------ ----,_ p_ 
QI -49 
<II 

-69 "' --.c 
D.. -89 ,__......_. -

-109 

Amplitude Response 

35 

l 

----

10 

Temp Range: -5410121 

•65to 250 

Bias Voltage: 15.87 

100 
Frequency (Hz) 

'C 
•F 

V 

1000 

.~ 15 -+--- •---+----+·-+---++-•---+---<_l- • _-+-+-+-+--·-·i--t--i-t----1-t-H 

j -5 --- - - · - .. ..t:t:tttt===t=:t::t:.-::t.::_r±ffif====t.=¼=¾=~~~~=:±~t-::r~~JJ 
> 
~ -25 t·--t-t-t-+-1·-t+---tt---+ -· y•• 1-- -

10000 

-45 1--.L-1.-1...l:::l::±!:±t:==±=±:::l::=.±:±:t:t±j::::=±::±±±:!:::l±:l:t==::±==~i::±±±:±±l 
1 10 100 

Frequency (Hz) 
1000 10000 

The eallmated measurement uncertainty 11 2.9 % from (5 to 
Sen• ltlvlly 100) Hz, 2.0 % from >100 Hz to 1 kHz, and 2.5 % from >1 
~,;;i,~(m-11,...lg--,) .--m- v-,g---,,-- kHz to 10 kHz These values represent an expanded 

[:Ii~.0000 ' 94.4159 Pass uncertainty using a coverage factor (k = 2) which 
---~------' approxlmatll!i a 95% confidence level. 

Amplitude Response 
F,e"'ency (HZ) High UmU (mV/g) Sen(mV/g) Low Lim~ (mV/g) 

Phase Response 
± Phase (deg) Phase (deg) 

5.00 132.1822 97.889759 56.6495 Pass NIA 3.37 NIA 
10.00 132.1822 96.562614 56.6495 Pass NIA 0.74 NIA 

30.00 132.1822 95.718415 56.6495 Pass NIA ·0.57 NIA 
50.00 132.1822 95.338476 56.6495 Pass NIA -1 .00 NIA 

100.00 132.1822 94 .415885 56.6495 Pass NIA -1 .79 NIA 
159.00 132.1822 94.101113 56.6495 Pass NIA ·2.11 NIA 
300.00 132.1822 93.448450 58.6495 Pass NIA -3.41 NIA 

500.00 132.1822 92.978606 56.6495 Pass NIA -5.06 NIA 

1000.00 132.1822 92.781749 56.6495 Pass NIA -9.36 NIA 
2000.00 132.1822 93.562820 56.6495 Pass NIA -17.61 NIA 

3000.00 132.1822 95.721464 56.6495 Pass NIA -26.52 NIA 

4000.00 132.1822 99.644045 56.6495 Pass NIA -36.00 NIA 
5000.00 132.1822 104.644036 56.6495 Pass NIA -47.06 NIA 

6300.00 132.1822 110.795909 56.6495 Pass NIA -64.26 NIA 

7000.00 132.1822 115.897111 56.6495 Pass NIA -76.89 NIA 

8000.00 132.1822 90.312756 56.6495 Pass NIA ·1 02.19 NIA 

9000.00 132.1822 68 .583468 56.6495 Pass NIA -104.89 NIA 

10000.00 132.1822 68.800705 56.6495 Pass NIA -108.66 NIA 
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QUALITY OPERATING FORM 
____ QOF 15-001-A Microscope Standardization 

Microscope Serial No ________ ...;.1_4~3.;,_36-=---------
Current Location 82390 ------- - - -----

Current Owner/User J. Randol h ________ .-;.;....;..;.;;.;.;.;;;.=i;;.;._ ___ ____ _ 

Stage Micrometer Serial No. 

Stage Micrometer: Calibration Date _;.;;;_-----r-.;...;;_- Due Date 12- 10-14 
Eyepiece Reticle Verification Date a Due Date 01 I 

40X magnification each div,sio 2-:5, (;J µm 

100X magnification each division 10. 0 µm 
200X magnification each division µrn 

40~X ma~c.ation eac µm 

Verified: · /'\a..,, Date: I :L/_.!j__ 
Date: 
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INFRASTRUC T URE IMA G IN G AND NOE 

A SSESS MENT, MON ITORING AND R EPAIR 

May 7, 2014 

Washington River Protection Solutions, LLC (WRPS) 
Hanford, WA 

Attn: Mr. Rick Rast, P.E. 
Email: Richard S Rast@rl.gov 
Phone: 509-376-6056 
Cell: 503-753-7773 cell 

Re. : Nondestructive Testing Investigation 
Concrete Condition Evaluation 
Single-Shell Tank (SST) 241-A-106 

Corpmlt Ollitt: 

12•01 I'. 49th Ave. 

Wheal RidQe. CO 80033-1927 USA 

phone; 303.423.1212 

1ax: 303.•23.6071 

WRPS's Prime Contract DE-AC27-08RV14800 with the U.S. Department of Energy 
Office of River Protection 
Olson Job No. 4369B 

Dear Mr. Rast, 

This letter report presents the results of a nondestructive testing (NDT) investigation of portion 
of a concrete cover dome and wall for the above referenced waste storage tank (241-A-106) at 
the Hanford Site in Washington. The field work was performed by Mr. Dennis Sack, P.E., 
Associate Engineer of our firm, on November 19, 2013, with assistance from WRPS and 
AREY A personnel. The testing was conducted using the Impact Echo (IE), Spectral Analysis of 
Surface Waves (SASW), and Sonic Echo/Impulse Response (SE/IR) test methods. Our findings 
are summarized below along with recommendations. The IE, SASW, and SE/IR results for the 
exposed part of the tank dome and wall tested are presented below followed by a discussion of 
each of the test methods. 

EXECUTIVE SUMMARY 

Impact Echo OE) Results. The nondestructive testing was conducted using the three different 
test methods. The first was the IE test method, which uses sound waves to measure the effective 
thickness of a concrete member and also to locate cracks, seams, or flaws that are parallel to the 
test surface. The IE test results are presented in Table I in Appendix A. As seen, these results 
indicate that the dome portion tested is in overall relatively good condition, with most points 
showing only the thickness echo from the dome bottom. It should be noted that there are 11 
points that show both the apparent backside echo as well as a minor reflection from about 15-18 
inches deep, plus 7 additional points that only show the reflection at 15-18 inches with no clear 
backside echo. These points are all for locations near the wall but not over it, and may be 
affected by the curvature of the dome bottom or other geometry effects. 
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Spectral Analysis of Surface Waves (SASW) Results. The second test method used on the 
dome structure was the SASW test method. This method uses surface waves to allow the 
measurement of the velocity versus depth profile through a member. It can also be used to 
measure the depth of surface-opening cracks, measure freeze-thaw damage, and look for effects 
of heat or other mechanisms on relative concrete strength (since drops in velocity are related to 
drops in moduli and associated strength). The results from this part of the testing are presented 
in Table II in Appendix A, and are also presented graphically as dispersion curves in Appendix 
B. The SASW results show that the overall average velocities of the concrete across the dome 
are consistently high. However, they also show that most of the tested points have a distinct and 
unusual drop in velocity at 0.6 to 0.8 feet, with a few points also showing a drop at 1.2-1.4 feet in 
depth. This drop is enough to be detected, but does not result in a measured surface wave 
velocity that would be considered "low" even after the drops. It is difficult to determine the 
cause of the drops without coring or other intrusive means, but they appear consistent with a 
possible change in slab concrete material, mix design, or strength (such as from a topping slab 
placed over a base slab). The smooth transition between velocities for most locations indicates 
that any interface is well-bonded. 

Sonic Echo/Impulse Response (SE/IR) Results. The final test method used on the dome was 
the SE/IR test method. This method is normally used on drilled shaft foundations and similar 
structures to measure depth and integrity. We have also used this method on foundation walls as 
well, which are similar to the structure of the dome walls. Toe SE/IR method was used from the 
top of the dome wall at several sample stations with the receiver transducer mounted either to the 
top of the dome above the centerline of the wall, or on the side of the dome top just above the 
wall (mounted on a block). A sample SE/IR test record is presented later in the report text. Note 
that the tests from the three stations on the dome top all resulted in similar results, and so only 
one sample result is presented. The SE/IR tests done with the receiver mounted on the side of 
the wall all resulted in excessive ringing of the receiver, possibly due to mounting issues. The 
SE/IR test results showed only scattered weak echoes, with no echoes from the wall bottom 
depth evident. The signal mostly damps out with only a few very weak echoes seen including 
one from about 23 to 24 feet where the wall thickness changes. It should be noted that there 
were no strong shallow echoes seen, either. This indicates that there is not a significant crack in 
the wall parallel to the wall top, nor would we expect to see any debonding between the dome 
and the wall top. 

Olson Job No. 4369B Page2 
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BACKGROUND AND INVESTIGATION OVERVIEW 

We understand that the Single Shell Tank (SST) tested in this investigation is out of service, but 
that concerns exist about ways to evaluate its structural integrity prior to possible tank removal. 
The area excavated provided access to a small portion of the tank dome top and side. The actual 
wall of the tank was not exposed at the time of testing. A photo of the exposed portion of the 
tank, showing the typical test grid being marked out, is presented in Figure l below. 

Figure 1. Exposed Dome Top Test Area 

The exposed portion of the dome sits on the tank wall at the outer edge, with the wall extending 
about 15 inches out from the edge. The dome itself is angled upward from the edge in the area 
exposed. The exposed area of the top of the dome was gridded out on 6 inch intervals, with the 
first line (Line A) along the dome edge. Tests with the IE test method were conducted on 6 inch 
intervals at all accessible points. Tests with the SASW method were conducted on 1 foot 
intervals. Finally, the SE/IR tests were conducted at 3 stations along the dome edge, with three 
receiver points centered above the wall on the dome top, and three points with the receiver 
mounted on the wall side below the impact location on the dome top. The typical grid points 
used on the dome top are shown in Figure 2 below and are overlaid on a photo of the dome itself 
for scale. 

At the time of testing, the top of the dome concrete was clean of most dirt and debris, but was 
relatively rough in many areas. This resulted in a few test locations for IE and SASW tests being 
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too rough for the collection of usable data. These points are noted in the results tables. 

Figure 2. Dome Top Test Area with Typical Test Grid Overlay 

All tests were conducted with Olson Instruments systems, with the waveforms recorded on a 
Freedom Data PC at the top of the excavation. The raw data was looked at initially in the field to 
verify data quality and to determine points from which usable data could not be obtained. It was 
then stored on the hard drive the Data PC for later analysis. A photograph of the data collection 
system is presented in Figure 3 below. 

Olson Job No. 4369B Page4 
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Figure 3. Freedom Data PC Used for Data Collection and Display 

IMPACT ECHO (IE) SAMPLE TEST RECORD AND RESULTS 

The IE point-by-point test method was performed on the top of the dome throughout the exposed 
area. Tests were conducted on a 6 inch grid. Note that for points in the first 3-4 grid lines 
closest to the dome edge (lines A-CID), the back side of the concrete was either the wall itself or 
was very steeply sloping. The IE results from these locations were not expected to show a clear 
back side echo, but were instead examined for shallow echoes indicative of cracking, joints, or 
other features . 
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For the dome IE tests, a nominal compression wave velocity of 12,000 feet per second (fps) was 
used to compute the reflector depth. This velocity is typical of the 3,000 to 5,000 psi concrete 
used to construct the dome. Figure 4 shows an example IE record on the "L" line of the test grid, 
which is far enough away from the wall to show a clear back side echo from the bottom side of 
the dome lid. The resonant frequency thickness echo peak at 3,318 Hz corresponds to a 
thickness echo in this visibly sound area of 21 . 7 inches. There is a single clear echo peak 
visible and no shallow echoes present, indicating sound conditions. Table I in Appendix A 
presents the IE data for all test locations._ 
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Figure 4. Example Impact Echo Result (File 8lie, see Appendix A) indicating dome thickness of 
21.7 inches at resonant peak at about 3200 Hz (indicated by vertical cursor) and sound concrete 

conditions. 

The IE test results showed a mix of conditions. Points near the wall edge showed no clear 
backside echo (as expected) with a few points showing echoes at about 15-18 inches or so. The 
next few rows of points did show backside echoes at the expected dome thickness for most 
locations, but also had points that showed echoes at about 15-18 inches as well. Once the tests 
moved to points further out on the dome, the only clear echoes were from the dome backside. 
The unusual IE results for points near the dome wall may be due to responses from the unusual 
geometry in the area where the dome bottom is relatively steeply sloping, or there may be a seam 
or other joint present. Regardless, the shallow echoes are not present for points further away 
from the wall. Overall, the results indicate that, as expected, the IE test method is effective in 
measuring dome thickness and condition for areas away from the dome wall. 
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SPECTRAL ANALYSIS OF SURFACE WAVES (SASW) TEST RESULTS 

The SASW test method was used to measure the velocity versus depth profile vertically through 
the dome top in a grid of locations. It was also used at one location above the wall to look at the 
integrity of the upper wall area and verify the applicability of this method for upper wall 
condition evaluation. The Spectral Analysis of Surface Waves (SASW) test method is used to 
evaluate the strength/quality in terms of surface wave velocity and concrete homogeneity. 
Slower velocities are indicative of cracking damage. The SASW test results for the tested 
locations are presented in Table II in Appendix A, with a graphical presentation of dispersion 
curves (velocity versus wavelength) presented in Appendix B. 

As seen in the table and dispersion curves, the SASW results show that the overall average 
velocities of the concrete for the test points on the exposed portion of the dome are consistently 
high. However, they also show that most of the tested points have a distinct and unusual drop in 
velocity at 0.6 to 0.8 feet down from the top surface of the concrete, with a few points also 
showing a drop at 1.2-1.4 feet in depth. This drop is large enough to be detected, but does not 
result in a measured surface wave velocity that would be considered "low" even after the drops. 
As noted, the average surface wave velocity, as well as the "low" velocity zones, are all in a 
range that would considered typical of "sound" concrete. While we cannot determine the cause 
of the drops without coring or other intrusive means, they appear consistent with a possible 
change in slab concrete material, mix design, or strength (such as from a topping slab placed 
over a base slab). The smooth transition between velocities for most locations indicates that any 
interface is well-bonded. 

As part of the investigation, we conducted one "long" SASW test line with the transducers 
mounted on the top of the dome directly over the wall top centerline near the dome edge. This 
line was along Line B in Figure 2, with the receivers spaced 4 feet apart. Thus, the two receivers 
were at locations B6 and B 14, while the impact was at location B 1. This line looked at the 
velocity profile through the dome concrete and down into the upper wall. The dispersion curve 
from this test is shown in Fig. B29 in Appendix B. It shows a relatively high velocity for 
shallow depths, with some drop similar to those seen in the dome tests. At about 6 feet in 
wavelength, there is a "glitch" in the data, likely due to wavelength effects of testing down into a 
narrow wall structure. Thus, the SASW test method appears to collect valid data down about 5-6 
feet into the wall to look at concrete integrity. 
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SONIC ECHO/IMPULSE RESPONSE (SE/IR) SAMPLE TEST RECORD AND 
RESULTS 

The Sonic Echo / Impulse Response (SE/IR) testing method was used on the top of the 
wall both through the dome top and on the upper dome side to examine wall concrete integrity 
and to look at the effectiveness of this method in assessing the condition of the wall concrete for 
unexcavated wall areas. A compression wave velocity of 12,500 feet per second (fps) was used 
to compute all reflector depths in the SE/IR records. This velocity is typical of average strength 
mix designs. A sample SE test record is presented below as Figure 5. This is for a test with the 
receiver mounted on the dome top above the wall. The top trace is the raw accelerometer data 
waveform from a single hit on the dome top next to the accelerometer. The middle trace is the 
filtered and integrated waveform resulting from processing of the raw data trace. The bottom 
record is the average of all three waveforms collected at this test location. As seen in the lower 
trace in the record, there is a very clear response to the initial impact at time 0, then the signal 
mostly damps out with only a few very weak echoes seen including one from about 23 to 24 feet 
where the wall thickness changes. There are no clear echoes from the wall bottom. This 
indicates that there are no shallow cracks, breaks, or debonds in the wall concrete, as these would 
show up as strong echoes in the test record. Instead, the energy from the impact travels down 
towards the bottom of the wall and dissipates into the soil and horizontally through the wall 
before it can echo back up from the wall bottom. Note that the tests at the other stations on the 
wall had similar results. 
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Figure 5 Sample SE Test Record from Wall Top - note weak echo at about 23 to 24 ft deep 
as indicated by vertical cursor in the bottom trace. 

Based on the SE/IR test results, this test method does not appear to be able to see down the full 
depth of the wall. However, the lack of shallow echoes indicates that the wall tested does not 
have any shallow cracks, breaks, or debonds. This method would be effective for looking at the 
upper portions of the walls for integrity as well as the bond condition between the wall and the 
dome. 
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IMP ACT ECHO (IE) TEST METHOD 

The IE tests involved impacting the concrete girder with an Olson Instruments IE-1 test head 
with a hammer and the resonantly reflected compressional wave energy was sensed with a 
displacement transducer as shown in Figure 6 below. All IE test data was collected with an 
Olson Instruments Freedom Data PC (FDPC) with the IE-1 system. The test head was pressed 
against the dome concrete and held while tests were performed with impacts at each test point. 
The resonant echoes of the displacement responses are generally not as apparent in the time 
domain, but are more easily identified in the frequency domain. Consequently, amplitude 
spectra of the displacement responses are calculated by performing a Fast Fourier Transform 
(FFT) analysis to determine the resonant echo peak(s). The relationship among the resonant 
echo depth frequency peak (f), the compression wave velocity (Vp) and the echo depth (D) is 
expressed in the following equation: 

D = ~Vp/(2*f) (1) 

where~ is a geometric shape factor ranging from 0.87 for a square column to 0.96 for a slab/wall 
shape. An unflawed slab/wall shape has a single thickness resonance while unflawed beam and 
column shapes can have multiple but repeatable resonances due to their cross-sectional shape. A 
nominal velocity of 12,000 fps was used for the concrete in the dome and used to compute the 
measured resonance depths. If cracks or larger voids in the concrete are parallel or subparallel to 
the test surface, shallow echoes may also be recorded from depths that correspond to the flaws. 
Distributed void/honeycomb may not result in such shallow echoes, but rather the false increase 
in backside echo depth or beam resonances due to the lower concrete stiffness and associated 
resonant echo frequency due to the void/honeycomb. 
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Figure 6. Schematic of Impact Echo (IE) method 
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In some similar investigations of reinforced concrete structures, there have been questions about 
the effects of reinforcing on the IE results. To further clarify the analysis of the data in terms of 
the effects of steel on the IE results, it should be pointed out that the wavelengths used in IE 
testing are fairly large (inches in length), especially for larger members such as these beams. As 
such, they are not reflected by steel in the concrete, • which have diameters much less than the 
typical wavelength. In theory, the presence of steel in the concrete (nominally 17,000 fps) can 
have a small effect on the overall average velocity of the concrete (nominally 12,000 fps), but the 
cross-sectional area of the steel in the test path is relatively small compared to the cross-sectional 
area of the surrounding concrete, and thus any effect is also relatively small. 
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SPECTRAL ANALYSIS OF SURFACE ·WAVES (SASW) TEST METHOD 

The SASW method is based upon measuring surface waves propagating in layered elastic media 
and is illustrated in Figure 7. The SASW tests were conducted with the FDPC and an Olson 
Instruments SASW-S bar. The ratio of surface wave velocity to shear wave velocity varies with 
Poisson's ratio. However, reasonable estimates of Poisson's ratio and mass density for soils and 
other materials can normally be made with only a small effect on the accuracy of the detennined 
shear wave velocity profile. Knowledge of the shear wave velocity combined with reasonable 
estimates of mass density of the material layers allows calculation of shear moduli for low-strain 
amplitudes. 

Surfsct1 Wave 
PropsgaMn 
D irection 

TEST ELEMENT 

Hsmmar, L 

Figure 7. Field arrangement of source, receivers and equipment for typical SASW testing. 

Surface wave (also termed Rayleigh; R-wave) velocity varies with frequency in a layered 
velocity system. This variation in velocity with frequency is termed dispersion. A plot of 
surface wave velocity versus wavelength is called a dispersion curve. 

The SASW tests and analyses are generally performed in three phases: (1) collection of data in 
situ; (2) construction of an experimental dispersion curve from the field data; and (3) inversion 
(forward modeling) of the theoretical dispersion curve, if desired, to match theoretical and 
experimental curves so that a true shear wave velocity versus depth profile can be constructed. 
Wavelength (11.), frequency (f), and wave velocity (Vr), are related as follows: 

(2) 

Surface wave dispersion can be expressed in a plot of surface wave velocity versus wavelength. 
This type of plot is used in this report. Perpendicular to the surface crack depths are indicated by 
slower near-surface velocities that begin to increase at the approximate crack depth. Poorer 
quality concrete with void/honeycomb, fire, frost, distributed cracking, and other damage is 
indicated by comparatively slower surface wave velocity results. 
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SONIC ECHO (SE) AND IMPULSE RESPONSE (IR) METHOD DESCRIPTION 

Sonic Echo (SE) Test Method. The SE 
method is a low strain integrity test conducted 
from the top of the wall . It is typically 
conducted from the top of a foundation element 
such as a drilled shaft as shown in Figure 8, but 
can also be done on walls or thick mat 
foudnations. Test equipment included a 3-lb 
impulse hammer, receiver (accelerometer) 
mounted on the exposed top or upper side of the 
dome above the wall, and a PC-based data 
acquisition/analysis system. The impulse 
hammer has a built-in load cell that can measure 
the force and duration of the impact. The test 
involves hitting the dome top with the hammer 
to generate energy that travels to the bottom of 
the wall. The wave reflects off irregularities 
(cracks, necks, bulbs, soil intrusions, voids, etc.) 
and/or the bottom of the wall and travels back to 
the top. The receiver measures the vibration 
response of the wall to each impact. The signal 
analyzer processes and displays the hammer and 
receiver outputs. Wall length and integrity of 
concrete are evaluated by identifying and 
analyzing the arrival times, direction, and 
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Figure 8. Sonic Echo/Impulse Response Test 

amplitude of reflections measured by the receiver in time. The echo depth (D) is calculated by 
multiplying the reflection time (t) by the compression wave velocity (V) and dividing this 
quantity by 2 to account for the fact that the wave has gone down and reflected back (i.e. D = 
V*t/2). 

Impulse Response {IR) Test Method. The IR method is also an echo test and uses the 
same test equipment as the SE method. The test procedures are similar to the SE test procedures, 
but the data processing is different. The IR method involves frequency domain data processing, 
i.e., the vibrations of the foundation measured by the receivers are processed with Fast Fourier 
Transform (FFT) algorithms to generate transfer functions for analyses. The coherence of the 
impulse hammer impact and accelerometer receiver response data versus frequency is calculated 
to indicate the data quality. A coherence near 1.0 indicates good quality data. For shafts in air or 
in relatively soft soils, the coherence will typically only be near 1.0 at frequencies for which the 
mobility is non-zero. In the IR records the linear transfer function amplitude is in 
inches/second/pound force on the vertical axis (mobility) and frequency in Hz on the horizontal 
axis. Because of the rod-like shape of a deep foundation, reflections are indicated by equally 
spaced resonant peaks that correspond to modes of vibration associated with the depth of the 
reflector. The inverse of the SE reflection time, t, is equal to the change in frequency, ~f, 
between the resonant peaks in the IR mobility plot. The reflector depth is then calculated as: 

D = V/(2*~f). 
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SE/IR Analyses. Analysis of the length determination and the integrity evaluation of a 
foundation for both the SE and IR methods is based on the identification and evaluation of 
reflections. However, test results are analyzed in the time domain for the SE and in the 
frequency domain for the IR method. The reflections are shown as resonant frequency peaks in 
the frequency domain for IR test data. The two methods complement each other because the 
identifications of reflections are sometimes clearer in either the time or the frequency domain. 

The SE and IR test methods are sensitive to changes in the shaft/wall impedance (shaft 
concrete area * velocity * mass density where mass density equals unit weight divided by 
gravity), which cause the reflections of the compression wave energy. Compression wave 
energy (hammer impact energy) reflects differently from increased shaft impedance than from 
decreased shaft impedance. This phenomenon allows the type of reflector to be identified as 
follows. Soil intrusions, honeycomb, breaks, cracks, cold joints, poor quality concrete and 
similar defects (referred to herein as a neck) are identified as reflections that correspond to a 
decrease in the shaft impedance. Increases in the shaft cross-section or the competency of 
surrounding materials such as bedrock and stiffer soil strata (referred to herein as a bulb) are 
identified as reflections corresponding to increases in the shaft impedance. A decrease in 
impedance is indicated by a downward initial break of a reflection event in an SE record and 
frequency peaks positioned in a record such that a peak could be extrapolated to be near O Hz in 
the mobility plot. Conversely, an increase in shaft impedance is identified by an upward initial 
break for an SE reflector and frequency peaks positioned in an IR record such that a trough could 
be extrapolated to be near O Hz in the mobility plot. 

When length to diameter ratios exceed 20:1 to 30:1 for shafts or walls in stiffer 
soils/bedrock, the attenuation of compression wave energy is high and bottom echoes may be 
weak or unidentifiable in SE/IR test results. The term ''weak bottom echo" is used to indicate 
that a bottom echo is seen, but that it is barely visible above the normal background noise. Note 
that it is possible for a perfectly sound wall or shaft to have a weak bottom echo or no bottom 
echo, as a weak echo can be caused by either a shallow reflector blocking energy from the shaft 
bottom, or from wave energy coupling into the bedrock at the wall bottom rather than reflecting 
back up. Thus, the strength of the bottom echo is used as a secondary, minor consideration as to 
shaft condition. 

RECOMMENDATIONS AND COMMENTS 

Based on the NOE results collected from this investigation on the exposed portion of the 
dome, we have several comments and recommendations. First, it appears that the IE method 
was very effective at evaluating the dome thickness and in conjunction with SASW testing 
would also be effecting in mapping areas of cracking or other unusual features in the dome lid 
both perpendicular and parallel to the top surface, if these issues are ever of concern on these 
structures. Note that exposure of the dome lid is required for this type of testing. Second, the 
SASW method could be used for evaluation of the upper 6-8 feet of the wall by testing from the 
wall top. 

For testing deeper into the wall, the results from this investigation showed that SE/IR 
testing with the 3 pound hammer did NOT see any clear echoes from the expected wall bottom 
depth. It should be noted, however, that this tank wall is expected to have at least one change in 
cross-sectional area in the mid-wall region. Changes in cross-sectional area will result in 
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shallow echoes (such as the one seen here) and/or attenuation of the signals from deeper in the 
wall. On walls with a constant cross-section versus depth, it is expected that the SE/IR method 
would be more effective. It may also help if a larger hammer is used to generate higher energy 
levels in different frequency ranges that may be able to see bottom echoes even on walls with a 
cross-section change. Note that regardless of whether the wall bottom is seen or not, the SE/IR 
method is still considered to be effective in seeing shallower defects such as horizontal cracking 
at or above the wall mid-height level. 

The SE/IR data collected during this investigation for tests with the receiver mounted on 
the wall side all showed excessive ringing which masked any actual echoes. Normally, we 
would expect to see better quality data from the side-mount receivers in the case where the there 
is a dome or other structure on top of a wall. At this time of the testing, it was not known the 
source of the ringing, and as it was consistent for all three tests it was assumed to be due to some 
aspect of the dome wall. However, during subsequent SE/IR tests on a different project that also 
involved side-mounted receivers, it was found that similar ringing resulted when the receiver 
block was not in intimate contact with the concrete - if there was even a thin layer of grease 
couplant between the metal block and the concrete. When the thin layer was squeezed out by 
"grinding" the block back and forth while pressing hard, the ringing disappeared completely on 
subsequent tests. It is therefore likely that the receiver blocks were not pressed (and moved back 
and forth) hard enough on the tank walls to push out most of the coupling grease and allow direct 
metal-concrete contact. Testing with the blocks in very tight contact may also result in clearer 
echoes from deeper features on future tests. 

We understand that full-depth coring of the tested wall is still planned, but has not taken 
place yet. Once the results of the coring are available, we will compare any anomalies seen to 
the SE/IR results to look for any correlations. Also, if more of the perimeter of the dome 
tops/wall side was exposed then micro-seismic reflection (similar to SE but with many impact 
point and receiver locations) and longer spaced multi-channel surface waves approaches (similar 
to SASW but with many receivers) could be evaluated as well. 
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CLOSURE 

The field portion of this NDT investigation was performed in accordance with generally 
accepted testing procedures. If we can provide additional information, consultation on repairs, or 
additional information becomes available that would impact the findings of this investigation, 
please call. 

Respectfully submitted, 

Olson Engineering, Inc . 

..... ---­
.,.,,,,,. ... -- ..-··· 

·--Dennis A: Sack, P .E. 
Associate Engineer 

) 

( 1 copy e-mailed, 2 hard copies sent) 
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Table I 
Impact Echo (IE) Test Results 

Grid Dist. Dist 
W- Grid E s Thickness Thickness 

File E N-S (ft) (ft) (inches) (inches) Notes 
1 bie.tfs B 1 1 0.5 28.4 28.4 Over Wall 
2bie.tfs B 2 1 1 37.8 39.9 Over Wall 
3bie.tfs B 3 1 1.5 28.4 28.9 
4bie.tfs B 4 1 2 41 37.8 Over Wall 
5bie.tfs B 5 1 2.5 38.8 19.4 Over Wall 
6bie.tfs B 6 1 3 38.8 38.8 Over Wall 
7bie.tfs B 7 1 3.5 38.8 38.8 Over Wall 
8bie.tfs B 8 1 4 19.4 19.4 Thin Echo, Over Wall 
9bie.tfs B 9 1 4.5 24.6 24.6 Over Wall 
l0bie.tfs B 10 1 5 19.2 19.2 Thin Echo, Over Wall 
11 bie.tfs B 11 1 5.5 No Data 
12bie.tfs B 12 1 6 19.4 19.2 Thin Echo, Over Wall 
13bie.tfs B 13 1 6.5 14.7 19.7 Thin Echo, Over Wall 
14bie.tfs B 14 1 7 No Data 
15bie.tfs B 15 1 7.5 Poor Data 
lcie.tfs C 1 1.5 0.5 No Data 
2cie.tfs C 2 1.5 1 38.8 38.8 Over Wall 
3cie.tfs C 3 1.5 1.5 Poor Data 
4cie.tfs C 4 1.5 2 27.3 27.3 Over Wall 
5cie.tfs C 5 1.5 2.5 27.3 27.3 Over Wall 
6cie.tfs C 6 1.5 3 27.3 27.8 Over Wall 
7cie.tfs C 7 1.5 3.5 27.3 27.3 Over Wall 
8cie.tfs C 8 1.5 4 27.8 27.8 Over Wall 
9cie.tfs C 9 1.5 4.5 24.2 24.2 Over Wall 
l0cie.tfs C 10 1.5 5 19.7 19.7 Thin Echo, Over Wall 
1 lcie.tfs C 11 1.5 5.5 23.4 23.4 Over Wall 
12cie.tfs C 12 1.5 6 27.8 27.8 Over Wall 
13cie.tfs C 13 1.5 6.5 28.4 28.4 Over Wall 
14cie.tfs C 14 1.5 7 No Data 
15cie.tfs C 15 1.5 7.5 27.8 27.8 Over Wall 

Thin Echo Plus 
3die.tfs D 3 2 1.5 18.2 27.3 Backside Echo 
4die.tfs D 4 2 2 27.3 27.3 
5die.tfs D 5 2 2.5 27.8 27.8 
6die.tfs D 6 2 3 27.8 27.8 
7die.tfs D 7 2 3.5 Poor Data 
8die.tfs D 8 2 4 18.7 18.7 Thin Echo Only 
9die.tfs D 9 2 4.5 17.6 18.9 Thin Echo Only 
lOdie.tfs D 10 2 5 18.7 18.7 Thin Echo Only 
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Grid Dist. Dist 
W- Grid E s Thickness Thickness 

File E N-S (ft) (ft) (inches) (inches) Notes 
Thin Echo Plus 

l ldie.tfs D 11 2 5.5 18.4 27.8 Backside Echo 
Thin Echo Plus 

12die.tfs D 12 2 6 18.4 27.8 Backside Echo 
13die.tfs D 13 2 6.5 18.2 18.2 Thin Echo Only 
14die.tfs D 14 2 7 No Data 
15die.tfs D 15 2 7.5 27.8 18.4 
2eie.tfs E 2 2.5 I 28.4 28.9 
3eie.tfs E 3 2.5 1.5 28.9 28.9 
4eie.tfs E 4 2.5 2 29.5 29.5 
5eie.tfs E 5 2.5 2.5 29.5 29.5 
6eie.tfs E 6 2.5 3 28.9 28.9 
7eie.tfs E 7 2.5 3.5 29.5 29.5 
8eie.tfs E 8 2.5 4 18.4 18.4 Thin Echo Only 
9eie.tfs E 9 2.5 4.5 Poor Data 
l 0eie.tfs E 10 2.5 5 Poor Data 

Thin Echo Plus 
1 leie.tfs E 11 2.5 5.5 15 28.9 Backside Echo 

Thin Echo Plus 
12eie.tfs E 12 2.5 6 18.9 28.9 Backside Echo 

Thin Echo Plus 
13eie.tfs E 13 2.5 6.5 19.4 28.4 Backside Echo 
14eie.tfs E 14 2.5 7 28.9 28.9 
15eie.tfs E 15 2.5 7.5 29.5 29.5 
3fie.tfs F 3 3 1.5 28.9 28.9 
4fie.tfs F 4 3 2 29.5 29.5 
5fie.tfs F 5 3 2.5 29.5 29.5 
6fie.tfs F 6 3 3 29.5 29.5 
7fie.tfs F 7 3 3.5 29.5 29.5 
8fie.tfs F 8 3 4 18.4 18.4 Thin Echo Only 
9fie.tfs F 9 3 4.5 18.7 18.7 Thin Echo Only 
lOfie.tfs F 10 3 5 28.9 28.9 
1 lfie.tfs F 11 3 5.5 28.9 28.9 
12fie.tfs F 12 3 6 28.9 28.9 

Thin Echo Plus 
13fie.tfs F 13 3 6.5 18.4 28.9 Backside Echo 
14fie.tfs F 14 3 7 28.9 28.9 
15fie.tfs F 15 3 7.5 29.5 29.5 
3gie.tfs G 3 3.5 1.5 29.5 29.5 
4gie.tfs G 4 3.5 2 28.9 28.9 
5gie.tfs G 5 3.5 2.5 28.9 28.9 
6gie.tfs G 6 3.5 3 29.5 29.5 
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Grid Dist. Dist 
W- Grid E s Thickness Thickness 

File E N-S (ft) (ft) (inches) (inches) Notes 
7gie.tfs G 7 3.5 3.5 29.5 29.5 

Thin Echo Plus 
8gie.tfs G 8 3.5 4 15.5 27.3 Backside Echo 
9gie.tfs G 9 3.5 4.5 Poor Data 
lOgie.tfs G 10 3.5 5 28 .9 28.9 
l lgie.tfs G 11 3.5 5.5 29.5 29.5 

Thin Echo Plus 
12gie.tfs G 12 3.5 6 14.9 28.9 Backside Echo 
13gie.tfs G 13 3.5 6.5 30.7 28.9 
14gie.tfs G 14 3.5 7 28.9 28.9 
l 5gie.tfs G 15 3.5 7.5 29.5 29.5 
4hie.tfs H 4 4 2 Poor Data 
5hie.tfs H 5 4 2.5 27.8 27.8 
6hie.tfs H 6 4 3 25 25 
7hie.tfs H 7 4 3.5 28.4 28.4 
8hie.tfs H 8 4 4 27.8 28 .4 

Thin Echo Plus 
9hie.tfs H 9 4 4.5 18.7 24.2 Backside Echo 
lOhie.tfs H 10 4 5 24.2 27.8 

Thin Echo Plus 
1 lhie.tfs H 11 4 5.5 18.7 25.9 Backside Echo 
12hie.tfs H 12 4 6 24.2 24.2 
13hie.tfs H 13 4 6.5 28.4 28.9 
14hie.tfs H 14 4 7 28.4 28.4 
15hie.tfs H 15 4 7.5 28.4 28.4 
4iie.tfs I 4 4.5 2 23.8 23.8 
5iie.tfs I 5 4 .5 2.5 25 24.2 
6iie.tfs I 6 4.5 3 25 25 
7iie.tfs I 7 4.5 3.5 24.2 23.8 
9iie.tfs I 9 4 .5 4.5 24.6 24.6 
lOiie.tfs I 10 4.5 5 24.2 24.2 
1 liie.tfs I 11 4.5 5.5 23 .8 23.8 
12iie.tfs I 12 4.5 6 23.8 23.8 
13iie.tfs I 13 4.5 6.5 24.2 24.2 
14iie.tfs I 14 4.5 7 24.2 24.2 
4iie.tfs J 4 5 2 23.4 23.4 
5jie.tfs J 5 5 2.5 23.4 23.4 
6jie.tfs J 6 5 3 23.4 23.4 
7jie.tfs J 7 5 3.5 24.6 23.4 
8jie.tfs J 8 5 4 23.4 23.4 
9jie.tfs J 9 5 4.5 23.4 23.4 
1 Ojie.tfs J 10 5 5 23.4 23.4 
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Grid Dist. Dist 
W- Grid E s Thickness Thickness 

File E N-S (ft) (ft) (inches) (inches) Notes 
llJIE.tfs J 11 5 5.5 23.8 23 .8 
12JIE.tfs J 12 5 6 23.8 23.4 
13JIE.tfs J 13 5 6.5 23.8 23.8 
5KIE.tfs K 5 5.5 2.5 23.4 23.4 
6KIE.tfs K 6 5.5 3 24.2 23.4 
7KIE.tfs K 7 5.5 3.5 23.4 23.4 
8KIE.tfs K 8 5.5 4 23.4 23.4 
9KIE.tfs K 9 5.5 4.5 23 23.4 
l0KIE.tfs K 10 5.5 5 23.4 23.4 
l lKIE.tfs K 11 5.5 5.5 21.7 21.7 
12KIE.tfs K 12 5.5 6 23 .8 23.8 
8LIE.tfs L 8 6 4 22 22 
9LIE.tfs L 9 6 4.5 21.7 21.7 
l0LIE.tfs L 10 6 5 21.7 21.7 
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Table II 
Spectral Anal 1sis of Surface Waves (SASW) Test Results Summary 

GridW- Grid N- Dist. E Dist S Avg . VR 
File E s (ft) (ft) (f/s) T 

3bsa B 3 1 1.5 7300 small droos in velocitv ® 0.6 and 1.1 ft 
5bsa B 5 1 2.5 7860 small drop at 0.8 ft 
7bsa B 7 1 3.5 6600 Low at start, drop at 0. 7 ft 
9bsa B 9 1 4.5 7880 drop at 0.8 ft 
11bsa B 11 1 5.5 7800 small drop at 0. 7 ft 
13bsa B 13 1 6.5 6680 small drop at 0.7 ft 
3dsa D 3 2 1.5 7340 small drops at 0.6 and 1.2 ft 
5dsa D 5 2 2.5 8000 drops at o. 7 ft and 1.4 ft 
7dsa D 7 2 3.5 7230 droo at 1.4 ft 
9dsa D 9 2 4.5 7840 small drop at 0.7 ft 

11dsa D 11 2 5.5 7940 droo at 0. 7 ft 
13dsa D 13 2 6.5 7000 small droo at 0.6 ft, poor data 
3fsa F 3 3 1.5 7460 small drop at 0.5 ft 
5fsa F 5 3 2.5 7880 drops at 0.5 and 1.2 ft 
7fsa F 7 3 3.5 7070 small droo at 0.6 ft, poor data 
9fsa F 9 3 4.5 7900 drop at 0. 7 ft 
11fsa F 11 3 5.5 8100 small drop at 0.7 ft 
13fsa F 13 3 6.5 7780 Mostlv flat 
4hsa H 4 4 2 7890 drop at 0.6 ft 
6hsa H 6 4 3 7730 drop at 0. 7 ft 
8hsa H 8 4 4 7400 drop at 0.6 ft 
10hsa H 10 4 5 8000 small drop at 0.7 ft 
12hsa H 12 4 6 7880 Mostly flat 
5jsa J 5 5 1.5 7340 Mostly flat 
7jsa J 7 5 2.5 7390 Mostly flat 

9isa J 9 5 3.5 7300 Droo at 0.6 ft 
11jsa J 11 5 4.5 8180 Drop at 1.2 ft 

SA 
Long 6050 V Increase at 2.5 feet 
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APPENDIXB 
SPECTRAL ANALYSIS OF SURFACE WAVES (SASW) DISPERSION CURVES 
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