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The 3D Hanford South Model is updated periodically as borehole, or geologic unit datasets are updated,
or as interpretations change. Data inputs and configuration files will be available concurrently with each
release of the model, however, there is additional qualitative information used in each model version. The
process of creating the 3D Hanford South Model will be repeatable to a certain extent based solely on
using the same input data provided with each version.

Additionally, underlying data from boreholes, such as location, surface elevation, casing, and depth to
geologic units, can be dynamically linked to an underlying database using Open Database Connectivity
(ODBC). Consequently, changes to the model can be made concurrently with changes to the database, as
opposed to uploading new flat files. Supporting data is also imported and uploaded to the model to
provide improved spatial representation and orientation for the end-user. This includes, for example,
Laser Imaging Detection Ranging (LiDAR) based ground surface layers, river bathymetry, and facility
location information. In addition, user-specified layers can be imported to support multiple projects (e.g.,
water table surfaces, contaminant plume interpretations, etc.).

3 Methodology

The Leapfrog workflow overview for creating the Hanford South Model follows a generalized, but
consistent, structure. In summary, interpreted borehole data is used to define geologic unit contacts as
subsurface elevations. These data inputs are interpolated within the Leapfrog Hydro® framework to
define geologic unit surfaces that form the upper (i.e., top of the geologic unit surface) and lower
bounding model surfaces of the geologic unit intervals that, combined together, represent the solid model.
The basic methodology for development and construction of the 3D Hanford South Model is as follows:

a. Define the model boundaries and gather the site-specific descriptions, information, and geologic
data for constructing the geologic ~ layers of the model.

b. Run the model to generate the surface interpolations needed to assemble the geologic unit
surface/layer components of the solid model. Subtract from the top down, or add from the bottom
up, the interpolated surfaces to generate the volume and spatial orientation of each geologic unit.
Apply additional control points or edit with polylines as necessary to constrain known
hydrogeologic features (e.g., pinch-outs, faults, etc.) within the model domain.

¢. Save the new model as a unique 3D geologic model “scene’ for visual exploration and graphic
presentations. Retain copies and records of all supporting data used in the model in user
accessible folders maintained in internal CHPRC-links.

Figure 1 depicts the lateral boundaries used to define the Hanford South Model domain. The Columbia
River forms the eastern boundary and the Gable Mountain-Gable Butte structural lineament forms the
northern boundary. The western boundary is defined by a north-to-south transect located upgradient of the
westernmost 200-Area operational area (200 West Operable Unit). Rattlesnake Mountain and the Yakima
River define the model’s southern boundary. Basalt sub-crops and above ground exposures are assumed
to be impermeable boundaries and form the basement rock underlying the entire Hanford Site. The basalt
surface represents the bottom layer of Leapfrog Hydro® Hanford South Model.
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interpretations of the top of basalt surface (e.g., PNNL-14753, 2006 and SGW-48478, 2011) using the
contours spatial analysis function in ArcMap® 10.1. Further refinements were made to the basalt surface
using the Topo-to-Raster function in ArcMap® 10.1 which can use point data, contour data, boundary
data and drain enforcement to create a hydrologically correct surface with/or without sinks or drains.

The next step in the modeling workflow, after the upper (topography) and lower (top of basalt surface)
boundaries of the model are defined, is to construct the spatial representation of the geologic unit surfaces
that are defined within the model boundaries; information for defining the top of each surface is acquired
from HEIS and the Hanford GeoContacts dataset (excel spreadsheets). The process for selecting
boreholes, defining contact elevations from borehole logs, and quality assurance for borehole contacts is
described in detail in PNNL-17913 (2009). The Hanford South Model described in this ECF expands the
process defined in PNNL-17913 (2009) to incorporate geologic data for the entire area defined within the
new model.

In summary, the technical approach for this work was to assemble a regional stratigraphic model of the
southern Hanford Site using previously published interpretations of the geologic units. These geologic
units are managed, periodically updated as new well data become available, and maintained in an excel
spreadsheet at CHPRC (GeoContacts_Hanford revision date). The GeoContacts Hanford_2014-06-26
dataset used for this model. is located on the internal link maintained by CHPRC:

or the internal IDMS/RDS link:
nttp://1amsweb.rl.gov/1dms/ livelink.exe7tunc=11&objld=161734869&obj Action=browse&viewType=1 .
Previous hydrogeologic modeling support work for the 200-PO-1 OU, completed by FESI (ECF-200PO1-
09-2074, 2010), was also incorporated to supplement construction of the geologic units in the Hanford
South Model. The hydrogeologic data set generated by FESI significantly reduced the time required to
complete the Hanford South Model.

To define and construct geologic unit layers within the Hanford South Model, two primary data sets were
utilized, 1) best-estimate depth to geologic unit contacts (in feet below ground surface), and 2) ground-
surface elevations (at the time of drilling in meters above mean sea level). These data are selected based
on professional judgment by professional or registered geologists and hydrogeologists, reviewed and
approved by general technical consensus for model input. Anomalies in the geologic model and the
related borehole data (e.g., elevations) with high variability for specific unit contacts were reevaluated to
verify or revise best-estimate geologic unit contacts or ground surface elevations relative to raw and
interpreted borehole or other relate  Jata.

For the Hanford South Model, best estimates of geologic unit contacts were compiled for 1,396 wells and
boreholes within, and adjacent to the Hanford South Model domain (Attachment A, Tables A-1 and A-2).
The primary approach for this work was to build on the existing dataset compiled by FESI for near-field
200-PO-1 Groundwater OU conceptual model development. Data quality control and validation steps
were incorporated to crosscheck the FESI dataset against the original GeoContacts database source.
Variances between the two datasets were resolved and revisions made accordingly to maintain
consistency with the GeoContacts data source where possible.

The following steps describe the borehole data used and the essential format and fields required to
develop the Leapfrog Hanford South Model:

1. The required borehole spatial location information, i.e., surface coordinates and elevations, along
with other optional well construction information (e.g., total drilled depth and screen intervals)
are obtained from well and borehole records maintained in HEIS.
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In addition to the above-mentioned updates, a 100% data quality check was implemented in which the
model input “depth to unit’ file defined in Table A-2 (Attachment A) was compared against the
GeoContacts database (GeoContactsHanford-2014-06-26). This tolerance check was done by using an
Excel Visu. Basic script; this data comparison defined data depth discrepancies between the original
GeoContacts database and the model input dataset. Model input variances can occur because of minor
variations in elevations selected (rounding errors) as well as during geologic unit selections in the original
GeoContacts dataset. Several steps were taken to resolve the differences. The geologic unit depths used in
the model input file that were within a 0.25 m (0.8 ft) tolerance limit of their corresponding depths in the
GeoContacts database were considered satisfactory and left unaltered in the model. Exceedances of the
0.25 m tolerance limit were revised with the correct best estimate contact depth from the GeoContacts
database. For units that were > 1 m  fferent. additional scrutiny was applied to the unit depth pick. The
GeoContacts dataset was used, and hydrogeologic expertise was applied to determine the nature of the
discrepancy, and define and replace the anomalous or exceeded value with the best estimate unit depth
picks from the GeoContacts database. These changes are documented in Attachment B.

To maintain geologic model consistency across the site, consideration was also given to existing
hydrogeologic model layers and unit depths defined for the adjacent OUs (¢ , 200-ZP-1 Groundwater
Oou).

The final validated geologic unit contacts data table (Table A-2, Attachment A) is imported into the
model, formatted as depth below ground surface in meters.

The construction steps include:

1. I ort selected borehole collars containing borehole horizontal location coordinates and ground
surface elevations using the “Borehole Data™ folder directory in the Leapfrog project tree (Table
A-1, Attachment A). Table A-1 (Attachment A) contains the entire population of well and
borehole surface information used to identify and locate the boreholes within the Hanford South
Model.

2. Import available geologic unit data {depths of geologic unit contact tops) associated with each
borehole (Table A-2, Attachment A). This data import is a subset of the borehole collar data set
which defines all of the available wells within the model domain (Table A-1 (Attachment A))
Only boreholes and wells with geologic unit contact data that provide interpretable geologic data
and that are drilled to adequate depths for defining the regional geologic units used for the model
are included during this step. The Hanford South Model domain is divided into six geologic units
that are based on area-specific geologic interpretations and publications (documented in the
Hanford GeoContacts 2014-06-26 dataset).

a. The six geologic units are:

i. Hanford formation (undifferentiated; Hf) - Equivalent to hydrostratigraphic unit
1 (Figure 3). The Hanford formation is undifferentiated and primarily consists of
three facies subunits (silt-dominated, sand dominated, and gravel dominated)
where identified. This unit represents the youngest unit present in the Hanford
South Model and exhibits very high hydraulic properties. It is present within the
vadose zone and upper portions of the unconfined aquifer
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ii. Cold Creek unit (undifferentiated; CCU) - Equivalent to hydrostratigraphic units
2 and 3 (Figure 3). The Cold Creek unit undifferentiated consists of subunits
Cold Creek unit Z (Early Palouse Soil), unit C (caliche), and unit G (pre-
Missoula gravels) where identified. This unit typically underlies the Hanford
formation and exhibits hydraulic properties similar to less than the Hanford
formation. It is present within the vadose zone and upper portions of the
unconfined aquifer.

iii. Ringold Formation, Member of Taylor Flats (Rtf) - Equivalent to
hydrostratigraphic unit 4 (Figure 3) or the Upper Ringold Formation
undifferentiated where identified. Where present, this unit exhibits much lower
hydraulic properties than overlying Hanford formation or Cold Creek units. It is
present primarily within the upper portion of the unconfined aquifer.

iv. Ringold Formation, Member of Wooded Island unit E (Rwie) - Equivalent to
Ringold hydrostratigraphic unit 5 (Figure 3). Ringold Formation unit E is
combined with Ringold Formation unit C. This is the primary unit forming the
unconfined portion of the suprabasalt aquifer syste  and exhibits hydraulic
properties that are generally lower than Hanford formation and Cold Creek units.

v. Ringold Formation, lower mud unit (RIm) - Equivalent to Ringold
hydrostratigraphic units 6 - 8 (Figure 3). Ringold Formation lower mud
undifferentiated is combined with Ringold Member of Wooded Island units B
and D where identified. This unit is an aquitard, creating confining conditions,
and isolating the Ringold Formation unit E from underlying Ringold Formation
unit A where the units are present.

vi. Ringold Formation, Member of Wooded Island unit A (undifferentiated)(Rwia) -
Equivalent to hydrostratigraphic units 9A - C (Figure 3). Ringold Formation unit
A undifferentiated is combined with subunits Rwia upper, Rwia mud, and Rwia
lower where identified. This unit is typically confined by the overlying Ringold
Formation lower mud unit where present and exhibits relatively low hydraulic
properties.

The completed Leapfrog Hydro® model is termed a “scene' (Figure 2). Each scene is unique, composed
of the top and bottom boundaries of the model as :fined above, and the data inputs (pre-defined) from
the tables (Attachment A). Each model scene (or version) including the supporting tables used in the
construction of the model are archived as a complete model data package to support future re-creation of
the model. Note, each Leapfrog Hydro® scene available for use will also contain wells that were not used
in the geological framework construction, but whose existence and location are of specific interest to
scientists and project managers. Examples of these include decommissioned wells, aquifer tubes, and
other wells that do not have information and details essential to geologic model construction.

3.2 Building a Geologic Framework Mo I

A geological model is the fundamental method for describing and ordering geologic units in Leapfrog
Hydro®. Building the geological model in Leapfrog Hydro® is a process of successive refinements made
up of defining the models boundary extents and building the internal structures. The geological model
consists of a number of non-intersecting volumes that fit together to exactly fill a 3D boundary defined by
the model top and bottom extents. The geological model is usually built from oldest to youngest or from
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youngest to oldest. For the Hanford South Model, the model boundary extents default to the topographic
and top of basalt layers, but different lateral extents can be made if desired.

Two-dimensional geologic unit columns constructed from imported borehole geologic unit contact data
 1ible A-2, Attachment A) are used as the basis to form the internal structure of the model, and the 3D
model is created in the following sequence:

a) Define surfaces from linked geologic unit columns in chronological order from oldest to youngest
(e.g., RIm, CCU, and Hf).

b) Build geological unit model volumes from oldest to youngest as sequential new deposits from the
geologic unit contacts.

¢) Leapfrog generates a new surface for each sequential geologic unit entry using radial basis
function.

As mentioned previously, users may desire a dif ~ ent approach to interpolating from borehole data. This
can be accomplished by applying an interpolation scheme in 2D to create a continuous surface, and then
importing the grid directly in to the Leapfrog model, and transform it to a 3D surface. The disadvantage
of this approach is maintaining and managing the 3D model. If model surfaces are interpolated using the
proprietary Leapfrog interpolation co-radial base function scheme, then the model automatically updates
if boreholes are updated. Conversely, if gridded surfaces are first created with a 3rd party program and
then imported into the model, then each time there is an update to the borehole data, each surface will
have to be re-created, and imported into the 3D model.

3.3 Refine Geological Unit Surfaces and Spatial Resolution

Model surfaces in the Hanford South Model are refined by adding control points to geologic unit surfaces
or using polylines. The control point data includes x-coordinate, y-coordinate, and an elevation (z-
coordinate) of the unit it represents (e.g., Rlm, CCU, and Hf). The logic for placement of control points
and polylines is based on an underlying understanding and knowledge of the interpreted geologic
framework, which is developed by professionally trained and experienced hydrogeologists and geologists,
and is necessary in areas where the interpolated surface deviates from empirical information that is not
represented by borehole contacts (e.g., geologic truncations, variations in structural interfaces, faults,
etc.). It also may be useful in areas where borehole data is sparse but well-defined structural patterns or
depositional trends are known. The tables containing the control points that are associated with each scene
or revision are also uploaded and archived concurrently with each model release.

The Hanford South Model is considered a regional model and it provides geologic detail appropriate for
the scale of this model. Refined models consisting of smaller extents are often required for supporting
project specific work scope in more localized areas typically defined by the CERCLA Operable Unit
boundaries. To meet the specific needs of scientists and project managers, we have created smaller
models ("sub models") with greater spatial detail and higher resolution in select areas of interest within
the larger Hanford South Model boundary. To maintain model consistency and transparency, the smaller
models are created by making a copy of the Hanford South Model in the same workspace and
changing/trimming the model extents to cover a smaller area. Spatial detail and resolution are added
and/or increased during this process.

3.4 Add Feature Data

Additional feature data is added to the geological models as reference points, and attributes of interest.
Particularly important are the sources and information for the wells and boreholes. The following feature
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data dialogue box" there will also be a section to import well intervals. In this area, browse to the
coma separated value table entitled "Hanford South Lithology.csv".

Follow the prompts in the Leapfrog Borehole Data dialogue box entering the well name column
from the csv file as (Hole ID) , the x-coordinates column from the table as (X) data, the y-
coordinates as (Y) data, the elevation as (Z) and the constructed depth as (MAX DEPTH) in the
Leapfrog dialogue boxes respectively.

To add the upper surface of the model right click on the folder entitled "Topography”, then "New
Topography”, then "Import Elevation Grid". Browse to the Lidar .tif file, and import it (note:
Leapfrog will not accept the native 0.5 resolution due to the size of the file. Input 40 for the grid
spacing).

To add the low  surface of the model and the northern clipping boundary, right click on the
"Meshes" folder, and "import elevation grid", and navigate to stwdtob.tif, and Hanford South
Trim.tif, and import both files.

To create a new geological model we define a region that encompasses the boundary coordinates
of the model. Right click on the folder entitled "Geological Model", and click "New geological
model". In the Base Lithology dropdown, navigate to the lithology (which should appear by
default). Set the X minimum and maximum to 559,311.49 and 595,217.07 respectively, and set
the Y minimum and maximum to 109,196.96 and 142738.03 respectively. Set the surface
resolution to 100, and click OK. These are the pre-defined model coordinates.

Expand the new Geological Model and right click "Surface Chronology", then drop down to
"New Deposit from Base Lithology." Drop down to Hanford. Click the radio button "Contacts
Below" and check Cold Creek, Rtf, Ringold LM, Ringold E, Ringold A and Basalt. Click OK.
This will add the Cold Creek solids model geometry to the existing model.

Continue constructing the Geologic Model by right clicking "Surface Chronology", then drop
down to "New Deposit from Base Lithology."” Drop down to Cold Creek. Click the radio button
"Contacts Below" and check Rtf, Ringold LM, Ringold E and Basalt. Click OK.

Continue constructing the Geologic Model by right clicking "Surface Chronology", then drop
down to "New Deposit from Base Lithology." Drop down to Rtf. Click the radio button "Contacts
Below" and check Ringold LM, Ringold E and Basalt. Click OK. This will add the Rtf solids
model geometry to the existing model.

Continue constructing the Geologic Model by right clicking "Surface Chronology", then drop

down to "New Deposit from Base Lithology." Drop down to Ringold E. Click the radio button
"Contacts Below" and check Ringold LM, Ringold A and Basalt. Click OK. This will add the

Ringold E solids model geometry to the existing model.

Continue constructing the Geologic Model by right clicking "Surface Chronology", then drop
down to "New Deposit from Base Lithology." Drop down to Ringold LM. Click the radio button
"Contacts Below" and check Ringold A and Basalt. Click OK. This will add the Ringold LM
solids model geometry to the existing model.

Continue constructing the Geologic Model by right clicking "Surface Chronology", then drop
down to "New Deposit from Base Lithology." Drop down to Ringold A. Click the radio button
"Contacts Below" and check Basalt. Click OK. This will add the Ringold A solids model
geometry to the existing model.

11
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5.3 Statement of Valid Software Application

e Leapfrog Hydro® software identified was used consistent with intended use for CHPRC as
identified in CHPRC-01753 and is a valid use of this software for the problem addressed in this
application. This software was used within the limitations defined in CHPRC-01753 for CHPRC
applications. A copy of the Software Installation and Checkout Form for this software is provided
in Attachment C to this ECF.

e Ultility software was used for limited purposes to support the use of Leapfrog Hydro® and this
Calculation

6 Results/Conclusions

The Leapfrog Hydro® model is a 3D geological model builder. The model scenes are outputs
representing the model which can be easily viewed and explored using a free Leapfrog Hydro® Viewer
{Leapfrog Hydro Viewer® version 4.0, ARANZ Geo Limited, LLC, 2013) The available Hanford South
Model and supporting ¢ ’ A T oot
maintained by CHPRC 1®
(version 4.1 or latest ve

The Hanford South Model scenes are maintained and regularly updated to remain consistent with the
most recent borehole data and other relevant information. New and revised model scenes are generated
periodically as new borehole and site information become available and/or upon project specific request.
New models and revisions and the supporting data sets used in their construction are stored together in
internal CHPRC folders that are identified and linked by date (e.g., Hanford South 2014-06-26 and
GeoContacts Hanford 2014-06-26.xslx). These folders are not publically accessible but can be located,
with permission, at the following links:
(http://idmsweb.rl.gov/idms/livelink.exe?func=11&objld=18351455 1 &objAction=Open&nexturl=%2Fid
ms%2Flivelink%2Eexe% 3Ffunc%3D11%260bild%3D161734869%260biAction%3Dbrowse%26viewTyp
€%3D]1 or the CHPRC linl ‘he calculation results
presented in Section 4 are evaluated with respect to the data source uncertainty. Uncertainty is not
quantified in the ECF but is discussed qualitatively.

Uncertainties and anomalies in the best-estimate database and Hanford South Model dataset were
prioritized for in-depth review and analysis of selected borehole data for verification and validation of
selected contacts, as well as to resolve discrepancies. Hanford South Model data quality checks and
validation was performed to verify that the resulting model geologic contact input depth files are within
0.25m accuracy of the GeoContacts Hanford 2014-06-26.xslx data set. The verification included a
100% crosscheck between the two data sets using a macro to compare and identify the GeoContacts
variances and highlight those differences.

Exceedances were further compared and those values resolved in the model data set to match the best
estimate and most consistent values from GeoContacts Hanford 2014-06-26.xslx. Variances greater than
1-m were scrutinized and resolved by direct data review and one to one comparisons. These discrepancies
were defined, actions taken to update the Leapfrog input file, and the basis and results documented in
Attachment B. Following data variance resolution and documentation the updated data set was imported
and Leapfrog Hanford South Model regenerated and reviewed again for conformance to the model
expectations.

14
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The 3D Hanford South Model documented in this calculation brief presents the current, integrated
understanding of the subsurface geologic framework beneath the southern Hanford Site. The geologic
conceptual model for the Hanford South Model will continue to evolve as new stratigraphic and
hydrologic data become available.

7 References

Aero-Metric LiDAR, 2008, RCCC-Hanford Battelle/PNNL/DOE, Digital Orthophotography & LiDAR
Surveys Photogrammetric Report, prepared by Aero-metric, Seattle, Washington.

CERCLA, Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC
9601, et seq.

C... AC-01753, 2012, Leapfrog —Hyvdro Software Management Plan, CHPRC-01753, Rev. 0, CH2M
HILL Plateau Remediation Company, Richland, Washington.

ECF-200P0O1-09-2074, 2010, 200-PO-1 Groundwater Operable Unit Remedial Investigation Report-
Geologic Cross Sections, Rev. 0, CH2M HILL Plateau Remediation Company, Richland,
Washington.

ESE 2011, ArcGIS Desktop, Release 10.1, Redlands, CA: Environmental Systems Research Institute.

PNNL-14753, 2006, Groundwater Data Package far Hanford Assessments, Rev. 1, Pacific Northwest
National Laboratorv. Richland. Washineton. Available at:

PNNL-17913, 2009, Hydrogeology of the Hanford Site Central Plateau — A Status Report for the 200
West Area. Rev. 1. Pacific Northwest National Laboratorv. Richland. Washington. Available
at

PNNL-19878, 2010, Development of a High-Resolution Bathymetry Dataset for the Columbia River
Through the Hanford Reach. Pacific Northwest National Laboratorv. Richland. Washington.
Available at

PRC-PRO-IRM-309, 2014, Controlled Software Management, Rev. 4, CH2M HILL Plateau Remediation
Company, Richland, Washington.

SGW-48478, 2011, Interpretation and Integration of Seismic Data in the Gable Gap, Rev. 0, CH2M
HILL Plateau Remediation Companv. Richland. Washington. Available at:

15






















































































































































































































































































































































































































































ECF-HANFORD-13-0029 REV 0

Attachment B

Geologic Unit Depth Changes for Model Depth Disc icies of Greater
thanor ™ '*~ 7~ Meter
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM

Software Owner Instructions:

Complete Fields 1-13, then run test cases in Field 14. Compare test case results listed in Field 15 to corresponding Test Report outputs.
If results are the same, sign and date Field 19. If not, resolve differences and repeat above steps.

Software Subject Matter Expert Instructions:

Assign test personnel. Approve the instaliation of the code by signing and dating Field 21, then maintain form as part of the software
support documentation.

GENERAL INFORMATION:
1. Software Name: _l .
EXECUTABLE INFORMA 11UN:
2. Executable Name (include path):
C:\Program Files\Al 12 \Leapfrog Hydro 2. "“H
3. Executable Size (bytes):
COMPILATION INFORMATION:
4. Hardware System (i.e., property number or ID):

Software Version No.: 2.1.1

Vendor Supplied
5. Operating System (include version number):
Vendor Supplied
INSTALLATION AND CHECKOUT INFORMATION:
6. Hardware System (i.e., property number or |D):
Intera 0474
7. Operating System (include version number):
Windows 7 Professional
8. Open Problem Report? @ No (O Yes PR/CR No.
TEST CASE INFORMATION:
9 Directory/Path:
\BLUE\Files\scratch\LeapfrogTests
10. Procedure(s):
CHPRC-01754 Rev. 0, Leapfrog Hydro Software Test Plan
11. Libranes:
N/A
12. Input Files:
Per CHPRC-01754
13 Output Files:
Per CHPRC-01754

14 Test Cases:

Vendor Installation Package, TC1, TC2, TC3, TC4, TC5

15. Test Case Results:

All Pass
16. Test Performed By:
17. Test Results: @ Satisfactory, Accepted for Use O Unsatisfactory
18. Disposition (include HiS! update):

Accepted 4/7,007 TC MlS [ — /41,/»t<,///
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