
 

  Approved for Public Release; 
Further Dissemination Unlimited   
 
 
 
 
 

ECF-HANFORD-19-0091 
Revision 0 

Hydraulic Gradient and Average Linear Velocity 
Calculations - Quarter 1 Calendar Year 2019 

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

Contractor for the U.S. Department of Energy 
under Contract DE-AC06-08RL 14788 

CH2MHILL 
Plateau Remediation Company 

P.O. Box 1600 
Richland, Washington 99352 





By Janis D. Aardal at 3:13 pm, Feb 12, 2020

 

  Approved for Public Release; 
Further Dissemination Unlimited   
 
 
 
 
 

ECF-HANFORD-19-0091 
Revision 0 

Hydraulic Gradient and Average Linear Velocity Calculations -
Quarter 1 Calendar Year 2019 

Date Published 
January 2020 

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

Contractor for the U.S. Department of Energy 
under Contract DE-AC06-08RL 14788 

CH2MHILL 
Plateau Remediation Company 
P.O. Box 1600 
Richland, Washington 99352 

[APPROVED 

Release Approval Date 



ECF-HANFORD-19-0091
Revision 0

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

This report has been reproduced from the best available copy. 

Printed in the United States of America 



ECF-HAN FORD-19-0091, REV. 0

Feb 12, 2020
DATE:

ENVIRONMENTAL CALCULATION COVER PAGE 

SECTION 1 - Completed by the Responsible Manager 

Project: RELEASE / ISSUE 
S&GRP Project Delivery 

Date: 9/26/19 

Calculation Title and Description: 
Hydraulic Gradient and Average Linear Velocity Calculations -
Quarter 1 Calendar Year 2019 

Qualifications Summary 

Preparer(s): 

Name: Kinsley Binard 

Degree, Major, Institution, Year: MSE, Civil/Environmental Engineering, University of Michigan, 
Ann Arbor, 1994 
BA, Physics, Denison University, 1991 

Professional Licenses: 

Brief Narrative of Experience: Ms. Binard provides engineering expertise in all phases of 
groundwater and soil-remediation projects and with a wide range of 
site contaminants and manages complex environmental 

Checker(s): 

Name: Claire Sayler 

remediation projects involving multiple responsible parties, 
coordination with ongoing industrial operations, and strict 
regulatory oversight. She has prepared design drawings, 
specifications, bid documents, and permit applications and has 
been responsible for materials procurement, construction 
supervision and management of system operations. Ms. Binard has 
experience in preparation of CERCLA and RCRA reports including 
feasibility studies, quality assurance project plans, field 
sampling plans and remedial action plans. 

Degree, Major, Institution, Year: MS, Geoscience, University of Wisconsin - Madison, 2016 
BA, Geosciences, Hamilton College, 2012 

Professional Licenses: Professional Geologist, California · 

Brief Narrative of Experience: Ms. Sayler' s experience includes environmental contamination 
characterization, geologic and hydrogeologic data collection and 
evaluation, and quantitative groundwater flow analysis. She is 
qualified in environmental database design and management, and 
data visualization including automated and GIS application. She 
uses R-statistical language, MATLAB, ArcGIS, Microsoft Access, and 
Enviroinsite for data management and analysis purposes. 

Page 1 of 3 
iii 

A-6005-812 (REV 6) 



ECF-HAN FORD-19-0091, REV. 0

ENVIRONMENTAL CALCULATION COVER PAGE (Continued) 

Senior Reviewer(s): 

Name: Charles W. Miller 

Degree, Major, Institution, Year: BS, Soil Science, University of Idaho, 1983 

Professional Licenses: Professional Geologist, Professional Hydrogeologist, Washington State 

Brief Narrative of Experience: Charles Miller has 30 years combined experience in 
characterization and evaluation of environmental conditions. He 
has scoped, managed, implemented and reported investigations and 
remedial actions at a wide variety of industrial locations within 
the United States including military, nuclear and chemical 
industrial facilities. Particularly, industrial sites under DOD, 
NRC, and DOE management. He is experienced in RCRA RFI/CMS, CERCLA 
RI/FS, NRC Closure/License Termination actions and required 
remedial actions. 

SECTIQN 2 - Completed by Preparer 

Calculation Number: ECF-Hanford-19-0091 I Revision Number: o 

Revision History 

Revision No. Des_cription Date Affected Pages 

SECTION 3 - Completed by the Responsible Manager 

Document Control: 

Is the document intended to be controlled within the Document Management Control System (DMCS)? @ Yes QNo 

Does document contain scientific and technical information intended for public use? @ Yes QNo 

Does document contain controlled-use information? QYes @No 

SECTION 4 - Document Review and Approval 

Preparer(s): 
4~"' ~ 

Kinsley Binard Senior Hydroqeologist 9/26/19 
Print First and Last Name Position Signature Date 

Checker(s): 

~~ eJ.;,.._ ~k,._ Claire Sayler Pro7 ect Hydrog eoloqist 9/26/19 
Print First and Last Name Position - Signature r- Date 

Senior Reviewer(s): I 

~ wl\JL-Charles W. Miller Associate 9/26/19 
Print First and Last Name Position Signature Date 

Responsible Manager(s): 

A J?/4,"'1 .. 4/-~Li'lf 1'/dw l'2.. · l~~Wi,,f: r1 4 ri.,, er 1-u -~-:zo 
Print First and Last-ame Position / I _,,/.Jignattlfe Date 

(JV' 

Page 2 of 3 
iv 

A-6005-812 (REV 6) 



ECF-HAN FORD-19-0091, REV. 0

ENVIRONMENTAL CALCULATION COVER PAGE (Continued) 

SECTION 5 - Applicable if Calculation is a Risk Assessment or Uses an Environmental Model 

Prior to Initiating Modeling: 

Required training for modelers completed: 
Integration Lead: 

Print First and Last Name 

Safety Software Approved: 
Integration Lead: 

Print First and Last Name 

Calculation Approved: 
Risk/Modeling Integration Manager: 

Print First and Last Name 

Page 3 of 3 
V 

Signature 

Signature 

Signature 

Date 

Date 

Date 

A-6005-812 (REV 6) 



ECF-HAN FORD-19-0091, REV. 0 

This page intentionally left blank. 

vi 



ECF-HANFORD-19-0091, REV. 0 

vii

Contents 

1 Purpose ............................................................................................................................................ 1-1 

2 Background ..................................................................................................................................... 2-1 

3 Calculation Methods ...................................................................................................................... 3-1 

3.1 Data Used ............................................................................................................................... 3-1 

3.2 Generation of General Groundwater Flow Directions using Particle Tracking ..................... 3-1 

3.3 Calculation of Facility-Wide Gradients .................................................................................. 3-1 

3.4 Calculation of Average Linear Velocity ................................................................................. 3-2 

4 Assumptions and Inputs ................................................................................................................ 4-1 

4.1 Assumptions ........................................................................................................................... 4-1 

4.2 Input Data ............................................................................................................................... 4-1 

4.2.1 Water-Level Maps ...................................................................................................... 4-1 

4.2.2 Migration Parameters for Particle Tracking ................................................................ 4-4 

4.2.3 Particle Release Locations .......................................................................................... 4-4 

5 Software Applications, Descriptions, Installation and Checkout, and Statements 

of Validity ........................................................................................................................................ 5-1 

5.1 Approved Software ................................................................................................................. 5-1 

5.2 Software Description .............................................................................................................. 5-1 

5.3 Support Software .................................................................................................................... 5-2 

5.4 Software Installation and Checkout........................................................................................ 5-3 

5.4.1 Statement of Valid Software Application ................................................................... 5-3 

6 Calculations .................................................................................................................................... 6-1 

6.1 Generation of General Groundwater Flow Directions using Particle Tracking ..................... 6-1 

6.2 Calculation of Facility-Wide Gradients .................................................................................. 6-2 

6.3 Calculation of Average Linear Velocity ................................................................................. 6-2 

7 Results ............................................................................................................................................. 7-1 

7.1 200 East Area ......................................................................................................................... 7-1 

7.1.1 216-A-29 Ditch ........................................................................................................... 7-5 

7.1.2 216-A-36B Crib .......................................................................................................... 7-8 

7.1.3 216-A-37-1 Crib........................................................................................................ 7-11 

7.1.4 216-B-3 Pond ............................................................................................................ 7-14 

7.1.5 216-B-63 Trench ....................................................................................................... 7-17 

7.1.6 Integrated Disposal Facility ...................................................................................... 7-20 

7.1.7 Liquid Effluent Retention Facility ............................................................................ 7-23 

7.1.8 Low-Level Burial Grounds Waste Management Area-1 .......................................... 7-26 

7.1.9 Low-Level Burial Grounds Waste Management Area-2 .......................................... 7-29 



ECF-HANFORD-19-0091, REV. 0 

viii 

7.1.10 Waste Management Area A-AX ............................................................................... 7-32 

7.1.11 Waste Management Area B-BX-BY......................................................................... 7-35 

7.1.12 Waste Management Area C ...................................................................................... 7-38 

7.2 200 West Area ...................................................................................................................... 7-41 

7.2.1 216-S-10 Pond and Ditch .......................................................................................... 7-45 

7.2.2 Low-Level Burial Grounds Trenches 31 and 34 ....................................................... 7-48 

7.2.3 Low-Level Burial Grounds Waste Management Area-3 .......................................... 7-51 

7.2.4 Low-Level Burial Grounds Waste Management Area-4 .......................................... 7-54 

7.2.5 Waste Management Area S-SX ................................................................................ 7-57 

7.2.6 Waste Management Area T....................................................................................... 7-60 

7.2.7 Waste Management Area TX-TY ............................................................................. 7-63 

7.2.8 Waste Management Area U ...................................................................................... 7-66 

8 References ....................................................................................................................................... 8-1 

Figures 

Figure 1-1. 200 East Area DWMUs Evaluated in this ECF ................................................................... 1-2 

Figure 1-2. 200 West Area DWMUs Evaluated in this ECF .................................................................. 1-3 

Figure 4-1. 200 East Area Mapped Groundwater Elevations: First Quarter of 2019 ............................. 4-2 

Figure 4-2. 200 West Area Mapped Groundwater Elevations: First Quarter of 2019 ............................ 4-3 

Figure 4-3. Release Locations at 200 East Area Facilities ..................................................................... 4-5 

Figure 4-4. Release Locations at 200 West Area Facilities .................................................................... 4-6 

Figure 7-1. Calculated Hydraulic Gradient Magnitudes at the 200 East Area Facilities for 

the First Quarter of 2019 ...................................................................................................... 7-3 

Figure 7-2. Calculated Hydraulic Gradient Azimuths at the 200 East Area Facilities for the 

First Quarter of 2019 ........................................................................................................... 7-4 

Figure 7-3. Calculated Average Linear Velocities at the 200 East Area Facilities for the 

First Quarter of 2019 ........................................................................................................... 7-5 

Figure 7-4. Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the 216-A-29 Ditch for the First Quarter of 2019 .......................................... 7-6 

Figure 7-5. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 

216-A-29 Ditch for the First Quarter of 2019 ...................................................................... 7-7 

Figure 7-6. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 

216-A-29 Ditch for the First Quarter of 2019 ...................................................................... 7-7 

Figure 7-7. Histogram Plot of Calculated Average Linear Velocities at the 216-A-29 Ditch 

for the First Quarter of 2019 ................................................................................................ 7-8 

Figure 7-8. Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the 216-A-36B Crib for the First Quarter of 2019 ......................................... 7-9 

Figure 7-9. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 

216-A-36B Crib for the First Quarter of 2019 ................................................................... 7-10 

Figure 7-10.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 

216-A-36B Crib for the First Quarter of 2019 ................................................................... 7-10 



ECF-HANFORD-19-0091, REV. 0 

ix 

Figure 7-11.  Histogram Plot of Calculated Average Linear Velocities at the 216-A-36B Crib 

for the First Quarter of 2019 .............................................................................................. 7-11 

Figure 7-12.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the 216-A-37-1 Crib for the First Quarter of 2019 ....................................... 7-12 

Figure 7-13.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 

216-A-37-1 Crib for the First Quarter of 2019 .................................................................. 7-13 

Figure 7-14.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 

216-A-37-1 Crib for the First Quarter of 2019 .................................................................. 7-13 

Figure 7-15.  Histogram Plot of Calculated Average Linear Velocities at the 216-A-37-1 Crib 

for the First Quarter of 2019 .............................................................................................. 7-14 

Figure 7-16.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the 216-B-3 Pond for the First Quarter of 2019 ........................................... 7-15 

Figure 7-17.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 

216-B-3 Pond for the First Quarter of 2019....................................................................... 7-16 

Figure 7-18.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 216-B-3 Pond 

for the First Quarter of 2019 .............................................................................................. 7-16 

Figure 7-19.  Histogram Plot of Calculated Average Linear Velocities at the 216-B-3 Pond for 

the First Quarter of 2019 .................................................................................................... 7-17 

Figure 7-20.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the 216-B-63 Trench for the First Quarter of 2019 ...................................... 7-18 

Figure 7-21.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 

216-B-63 Trench for the First Quarter of 2019 ................................................................. 7-19 

Figure 7-22.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 

216-B-63 Trench for the First Quarter of 2019 ................................................................. 7-19 

Figure 7-23.  Histogram Plot of Calculated Average Linear Velocities at the 216-B-63 Trench 

for the First Quarter of 2019 .............................................................................................. 7-20 

Figure 7-24.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the IDF for the First Quarter of 2019 ........................................................... 7-21 

Figure 7-25.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the IDF for the 

First Quarter of 2019 ......................................................................................................... 7-22 

Figure 7-26.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the IDF for the 

First Quarter of 2019 ......................................................................................................... 7-22 

Figure 7-27.  Histogram Plot of Calculated Average Linear Velocities at the IDF for the 

First Quarter of 2019 ......................................................................................................... 7-23 

Figure 7-28.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the LERF for the First Quarter of 2019 ........................................................ 7-24 

Figure 7-29.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the LERF for 

the First Quarter of 2019 .................................................................................................... 7-25 

Figure 7-30.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the LERF for the 

First Quarter of 2019 ......................................................................................................... 7-25 

Figure 7-31. Histogram Plot of Calculated Average Linear Velocities at the LERF for the 

First Quarter of 2019 ......................................................................................................... 7-26 

Figure 7-32.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the LLBG WMA-1 for the First Quarter of 2019 ......................................... 7-27 



ECF-HANFORD-19-0091, REV. 0 

x 

Figure 7-33.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 

LLBG WMA-1 for the First Quarter of 2019 .................................................................... 7-28 

Figure 7-34.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 

LLBG WMA-1 for the First Quarter of 2019 .................................................................... 7-28 

Figure 7-35.  Histogram Plot of Calculated Average Linear Velocities at the LLBG WMA-1 

for the First Quarter of 2019 .............................................................................................. 7-29 

Figure 7-36.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the LLBG WMA-2 for the First Quarter of 2019 ......................................... 7-30 

Figure 7-37.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 

LLBG WMA-2 for the First Quarter of 2019 .................................................................... 7-31 

Figure 7-38.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 

LLBG WMA-2 for the First Quarter of 2019 .................................................................... 7-31 

Figure 7-39.  Histogram Plot of Calculated Average Linear Velocities at the LLBG WMA-2 

for the First Quarter of 2019 .............................................................................................. 7-32 

Figure 7-40.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at WMA A-AX for the First Quarter of 2019 .................................................. 7-33 

Figure 7-41.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA A-AX 

for the First Quarter of 2019 .............................................................................................. 7-34 

Figure 7-42.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA A-AX for 

the First Quarter of 2019 .................................................................................................... 7-34 

Figure 7-43.  Histogram Plot of Calculated Average Linear Velocities at WMA A-AX for the 

First Quarter of 2019 ......................................................................................................... 7-35 

Figure 7-44.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at WMA B-BX-BY for the First Quarter of 2019 ............................................ 7-36 

Figure 7-45.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at 

WMA B-BX-BY for the First Quarter of 2019 ................................................................. 7-37 

Figure 7-46.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA B-BX-BY 

for the First Quarter of 2019 .............................................................................................. 7-37 

Figure 7-47.  Histogram Plot of Calculated Average Linear Velocities at WMA B-BX-BY for 

the First Quarter of 2019 .................................................................................................... 7-38 

Figure 7-48.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at WMA C for the First Quarter of 2019 .......................................................... 7-39 

Figure 7-49.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA C for the 

First Quarter of 2019 ......................................................................................................... 7-40 

Figure 7-50.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA C for the 

First Quarter of 2019 ......................................................................................................... 7-40 

Figure 7-51.  Histogram Plot of Calculated Average Linear Velocities at WMA C for the 

First Quarter of 2019 ......................................................................................................... 7-41 

Figure 7-52. Calculated Hydraulic Gradient Magnitudes at the 200 West Area Facilities .................... 7-43 

Figure 7-53.  Calculated Hydraulic Gradient Azimuths at the 200 West Area Facilities ........................ 7-44 

Figure 7-54.  Calculated Average Linear Velocities at the 200 West Area Facilities ............................. 7-45 

Figure 7-55.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the 216-S-10 Pond and Ditch for the First Quarter of 2019 ......................... 7-46 



ECF-HANFORD-19-0091, REV. 0 

xi

Figure 7-56.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 

216-S-10 Pond and Ditch for the First Quarter of 2019 .................................................... 7-47 

Figure 7-57.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 

216-S-10 Pond and Ditch for the First Quarter of 2019 .................................................... 7-47 

Figure 7-58.  Histogram Plot of Calculated Average Linear Velocities at the 216-S-10 Pond 

and Ditch for the First Quarter of 2019 ............................................................................. 7-48 

Figure 7-59.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the LLBG Trenches 31 and 34 for the First Quarter of 2019 ....................... 7-49 

Figure 7-60.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 

LLBG Trenches 31 and 34 for the First Quarter of 2019 .................................................. 7-50 

Figure 7-61.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the LLBG 

Trenches 31 and 34 for the First Quarter of 2019 .............................................................. 7-50 

Figure 7-62.  Histogram Plot of Calculated Average Linear Velocities at the LLBG Trenches 

31 and 34 for the First Quarter of 2019 ............................................................................. 7-51 

Figure 7-63.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the LLBG WMA-3 for the First Quarter of 2019 ......................................... 7-52 

Figure 7-64.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 

LLBG WMA-3 for the First Quarter of 2019 .................................................................... 7-53 

Figure 7-65.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 

LLBG WMA-3 for the First Quarter of 2019 .................................................................... 7-53 

Figure 7-66.  Histogram Plot of Calculated Average Linear Velocities at the LLBG WMA-3 

for the First Quarter of 2019 .............................................................................................. 7-54 

Figure 7-67.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at the LLBG WMA-4 for the First Quarter of 2019 ......................................... 7-55 

Figure 7-68.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the LLBG 

WMA-4 for the First Quarter of 2019 ............................................................................... 7-56 

Figure 7-69.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at the LLBG 

WMA-4 for the First Quarter of 2019 ............................................................................... 7-56 

Figure 7-70.  Histogram Plot of Calculated Average Linear Velocities at the LLBG WMA-4 

for the First Quarter of 2019 .............................................................................................. 7-57 

Figure 7-71.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at WMA S-SX for the First Quarter of 2019 .................................................... 7-58 

Figure 7-72.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA S-SX for 

the First Quarter of 2019 .................................................................................................... 7-59 

Figure 7-73.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA S-SX for 

the First Quarter of 2019 .................................................................................................... 7-59 

Figure 7-74.  Histogram Plot of Calculated Average Linear Velocities at WMA S-SX for the 

First Quarter of 2019 ......................................................................................................... 7-60 

Figure 7-75.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at WMA T for the First Quarter of 2019 .......................................................... 7-61 

Figure 7-76.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA T for the 

First Quarter of 2019 ......................................................................................................... 7-62 

Figure 7-77.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA T for the 

First Quarter of 2019 ......................................................................................................... 7-62 



ECF-HANFORD-19-0091, REV. 0 

xii 

Figure 7-78.  Histogram Plot of Calculated Average Linear Velocities at WMA T for the 

First Quarter of 2019 ......................................................................................................... 7-63 

Figure 7-79.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at WMA TX-TY for the First Quarter of 2019 ................................................ 7-64 

Figure 7-80.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA TX-TY 

for the First Quarter of 2019 .............................................................................................. 7-65 

Figure 7-81.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA TX-TY for 

the First Quarter of 2019 .................................................................................................... 7-65 

Figure 7-82.  Histogram Plot of Calculated Average Linear Velocities at WMA TX-TY for 

the First Quarter of 2019 .................................................................................................... 7-66 

Figure 7-83.  Calculated Particle Pathlines Representing General Groundwater Flow 

Directions at WMA U for the First Quarter of 2019 ......................................................... 7-67 

Figure 7-84.  Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA U for the 

First Quarter of 2019 ......................................................................................................... 7-68 

Figure 7-85.  Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA U for the 

First Quarter of 2019 ......................................................................................................... 7-68 

Figure 7-86.  Histogram Plot of Calculated Average Linear Velocities at WMA U for the 

First Quarter of 2019 ......................................................................................................... 7-69 

Tables 

Table 4-1. Aquifer Transport Parameter Values ................................................................................... 4-4 

Table 7-1. Calculated Hydraulic Gradients and Average Linear Velocities at the 200 East 

Area Facilities for First Quarter of 2019.............................................................................. 7-2 

Table 7-2. Calculated Hydraulic Gradients and Average Linear Velocities at the 200 West 

Area Facilities for the First Quarter of 2019 ...................................................................... 7-42 



ECF-HANFORD-19-0091, REV. 0 

xiii 

Terms 

ASCII American Standard Code for Information Interchange 

AWLN automated water-level network  

CY calendar year 

DWMU Dangerous Waste Management Unit 

ECF environmental calculation file 

IDF Integrated Disposal Facility 

MEUK Multi Event Universal Kriging 

LERF Liquid Effluent Retention Facility 

LLBG Low-Level Burial Grounds 

TRIM Tikhonov Regularized Inverse Method 

WMA Waste Management Area 



ECF-HANFORD-19-0091, REV. 0 

xiv 

This page intentionally left blank. 



ECF-HANFORD-19-0091, REV. 0 

1-1

1 Purpose 

This environmental calculation file (ECF) describes quarterly hydraulic gradient and average linear 

velocity calculations at Hanford Site Resource Conservation and Recovery Act of 1976 (RCRA) facilities 

located in the 200 East and 200 West Areas. Gradient and average linear velocity calculations for the 

January-March 2019 quarter were made for the dangerous waste management units (DWMUs)1,2,3 listed 

below and depicted in Figures 1-1 and 1-2: 

200 East Area Facilities (Figure 1-1): 

 216-A-29 Ditch

 216-A-36B Crib

 216-A-37-1 Crib

 216-B-3 Pond

 216-B-63 Trench

 Integrated Disposal Facility (IDF)

 Liquid Effluent Retention Facility (LERF)

 Low-Level Burial Grounds (LLBG) Waste Management Area (WMA)-1

 LLBG WMA-2

 WMA A-AX

 WMA B-BX-BY

 WMA C

200 West Area Facilities (Figure 1-2): 

 216-S-10 Pond and Ditch

 LLBG Trenches 31 and 34

 LLBG WMA-3

 LLBG WMA-4

 WMA S-SX

 WMA T

 WMA TX-TY

 WMA U

This ECF provides the conceptual basis for the hydraulic gradient and velocity calculations performed, 

details the specific methods and codes used to undertake the calculations, and presents results of 

calculations based on the average quarterly water-level map for each facility.

1 The Single-Shell Tank System unit group includes WMA A-AX, WMA B-BX-BY, WMA C, WMA S-SX, WMA T, 

WMA TX-TY, and WMA U. 

2 Under interim status, the LLBG unit group includes LLBG WMA-1, LLBG WMA-2, LLBG WMA-3, and LLBG 

WMA-4. At each WMA, there are specific locations where dangerous waste was disposed after the effective date of 

RCRA regulation. Where possible, the groundwater evaluation includes the entire WMA; however, in cases where 

pump and treat remedial action operations affect flow conditions, the specific locations of the dangerous waste within 

the WMA are the focus of groundwater evaluation. 

3 Under final status, LLBG Trenches 31 and 34 (located within LLBG WMA-3) will become a separate DWMU; 

therefore, it is included as a distinct 200 West Area Facility for evaluation. 
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Figure 1-1. 200 East Area DWMUs Evaluated in this ECF 
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Figure 1-2. 200 West Area DWMUs Evaluated in this ECF 
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2 Background 

To meet the objectives of this ECF for the 200 Areas, groundwater elevation maps were obtained for the 

200 East and West Areas using two methods. For the 200 East Area, a regularized inverse interpolation 

technique that is referred to as the Tikhonov Regularized Inverse Method (TRIM) (Tikhonov et al, 1997, 

Solutions of Ill-Phased Problems) is used as described in ECF-200E-19-0081, Groundwater Elevation 

Mapping for 200 East Area – Quarter 1 Calendar Year 2019. For the 200 West Area, groundwater 

elevations were interpolated using Multi Event Universal Kriging (MEUK), as described in 

ECF-200W-19-0082, Groundwater Elevation Mapping for 200 West Area – Quarter 1 Calendar Year 

2019. Both the TRIM and MEUK techniques were used to obtain piecewise, continuous grids of 

groundwater elevations. The resulting groundwater elevation grids comport well with subject matter 

expert knowledge of the system and other independent sources of information, and consequently, are 

suitable for tracking particles to evaluate the likely paths of groundwater. Particle tracking also facilitates 

the evaluation of hydraulic gradients by one, integrating the calculated movement of particles between 

two points along a pathline over a specified time interval, and two, average linear velocities by adding the 

principal velocity components of the particle. 

For the purposes of this ECF, the magnitude and directions of gradients along with the average linear 

velocities specific to each facility within the 200 Areas were calculated and are presented herein.
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3 Calculation Methods 

This chapter describes the calculation methods used to support this ECF.  

3.1 Data Used 

The hydraulic gradient and average linear velocity calculations rely on water-level maps developed using 

groundwater level measurements from the 200 Areas.  

In the 200 East Area, depth-to-water measurements are mainly obtained from the wells of the 

low-gradient network, supplemented with data from other wells when necessary.  

For the 200 West Area, the groundwater elevations are obtained from wells that are a part of the water-

level measurement and groundwater sampling networks. For wells in the automated water-level network 

(AWLN), monthly averages of AWLN data are used if no representative manual measurements are 

available.  

The average quarterly values of the groundwater elevations in the 200 Areas were then calculated from 

the mentioned monitoring well measurements from January to March 2019 as described in 

ECF-200E-19-0081 and ECF-200W-19-0082. 

3.2 Generation of General Groundwater Flow Directions using Particle Tracking 

After the grid of groundwater elevations for the first quarter of calendar year (CY) 2019 were generated 

for the 200 Areas, they were used as the basis for particle tracking within a localized region of each 

facility. Particle tracking was performed using mod-PATH3DU (Muffels et al., 2018, User’s Guide for 

mod-PATH3DU, A groundwater path and travel-time simulator).  

Ten particles were released from evenly spaced locations along a line upgradient of each facility and 

tracked considering only advective transport. The resulting particle pathlines allow for visualization of the 

general groundwater flow directions in the local region of each facility and, calculation of gradients and 

average linear velocities based on those general flow directions. 

3.3 Calculation of Facility-Wide Gradients 

Gradients specific to each facility were calculated by integrating the calculated movement of tracked 

particles between two points along a pathline over a specified time interval. Points along the pathlines 

were then extracted over this specified time interval. Each point is represented by x and y coordinates and 

an estimated groundwater elevation.  

The magnitude of the gradient, 𝑖, for a pair of points along a pathline may be calculated as: 

𝑖 =
𝑑𝐻

𝐿
      (Eq. 1) 

Where, 𝑑𝐻 is the estimated groundwater level difference (meters) and 𝐿 is a horizontal distance in meters 

between two particle points. 

The azimuth of the gradient is calculated as the horizontal angle in degrees between north and a vector 

represented by two pathline points, in a clockwise direction. 

--
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3.4 Calculation of Average Linear Velocity  

The Darcy flux, 𝑞, across a unit cross section of porous media is given by: 

𝑞 = 𝐾𝑖      (Eq. 2) 

where 𝐾 is the hydraulic conductivity of the aquifer cross section and 𝑖 is the hydraulic gradient. 

Darcy flux at any point is then divided by the aquifer porosity, 𝜂, to yield the average linear velocity, 

𝐴𝐿𝑉 as follows: 

𝐴𝐿𝑉 =
𝑞

𝜂
      (Eq. 3) 

Mod-PATH3DU internally computes the average linear velocity components (i.e., in x and y-directions) 

at each tracked point using Darcy’s Law. Gridded surfaces of aquifer hydraulic conductivities and 

effective porosities were provided as inputs to mod-PATH3DU. The output was then used to compute the 

resultant average linear velocity along the calculated pathlines for each facility. 

 

-
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4 Assumptions and Inputs 

This chapter outlines the assumptions and inputs that underlie the calculations presented in this ECF.  

4.1 Assumptions 

Calculation of hydraulic gradients and average linear velocities were based on particle pathlines generated 

using mod-PATH3DU, which in turn rely upon outputs (i.e., grids of groundwater elevations) computed 

using TRIM (for the 200 East Area) or MEUK (for the 200 West Area). As a result, the assumptions and 

limitations that underlie the generation of those maps and associated particle pathlines are implicit in any 

subsequent calculations of gradients and average linear velocities. 

Particle tracking that considers advection as the sole transport mechanism relies on the following:  

 The assumptions in the underlying tracking scheme 

 The interpolation method it employs 

 Limitations in the groundwater flow model, including discretization and boundary effects 

The average linear velocity components are evaluated using Darcy’s Law in mod-PATH3DU and, as such 

corresponding assumptions of steady-state, laminar flow of incompressible fluid at constant temperature 

also apply. 

4.2 Input Data 

This section summarizes the general input requirements for the calculations described in this ECF. 

4.2.1 Water-Level Maps 

4.2.1.1 East Area 

The average quarterly water-level map computed using the TRIM (ECF-200E-19-0081) is used as the 

basis for gradient and average linear velocity calculations in the 200 East Area (Figure 4-1). The 

water-level map also illustrates calibration weights and calibration residuals for monitoring wells included 

in the calibration process. 

4.2.1.2 West Area 

The average quarterly water-level map computed using MEUK (ECF-200W-19-0082) is used as the basis 

for gradient and average linear velocity calculations in the 200 West Area (Figure 4-2). The water-level 

map also illustrates the extraction/injection and monitoring wells used in the kriging dataset. 
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Figure 4-1. 200 East Area Mapped Groundwater Elevations: First Quarter of 2019 
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Figure 4-2. 200 West Area Mapped Groundwater Elevations: First Quarter of 2019
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4.2.2 Migration Parameters for Particle Tracking  

The hydraulic conductivity and effective porosity values were defined specific to each hydrostratigraphic 

unit in CP-47631, Model Package Report: Central Plateau Groundwater Model, Version 8.4.5, or 

RPP-CALC-61032, Vadose Zone and Saturated Zone Flow and Transport Calculations for the Integrated 

Disposal Facility Performance Assessment. The values for the hydrostratigraphic units underlying the 

average linear velocity calculation domains are listed in Table 4-1. 

Table 4-1. Aquifer Transport Parameter Values  

Property Value Comments 

Hydraulic 

conductivity 

Hanford 

formation 

17,000 m/d 

(55,800 ft/d) 

From RPP-CALC-61032, Rev. 0 

CCU 18,200 m/d 

(59,700 ft/d) 

From RPP-CALC-61032, Rev. 0 

Rwie 5 m/d  

(16 ft/d) 

From RPP-CALC-61032, Rev. 0 

Effective 

porosity 

Hanford 

formation 

0.25 CP-47631 

Rwie 0.15 

 

CP-47631 

References: CP-47631, Model Package Report: Central Plateau Groundwater Model Version 8.4.5. 

RPP-CALC-61032, Vadose Zone and Saturated Zone Flow and Transport Calculations for the Integrated Disposal Facility 

Performance Assessment. 

CCU = Cold Creek unit 

Rwie = Ringold Formation member of Wooded Island – unit E 

 

4.2.3 Particle Release Locations 

Ten particle release locations were placed at evenly spaced intervals along straight lines immediately 

upgradient of each facility with some exceptions. The lines were oriented such that the resulting pathlines 

provide uniform coverage of the respective facilities. This was possible for all of the 200 East Area except 

LLBG WMA-2, the LERF, and the 216-B-3 Pond. Portions of those 200 East Area facilities fall outside 

the TRIM model domain, so coverage was limited to the extent within the domain. Full coverage was 

possible for all 200 West Area facilities except LLBG WMA-3 and Trenches 31 and 34 – due to the 

locations and operations of injection wells in the vicinity of these facilities, the curvature in the flow field 

upgradient of these facilities would cause particles to travel parallel to the facility if released from 

upgradient locations. As such, particle release locations were placed upgradient of the Green Islands and 

the sumps within LLBG WMA-3 and Trenches 31 and 34, respectively, in order to obtain pathlines 

projecting downgradient over areas of concern. 

Figures 4-3 and 4-4 show the particle release locations for the 200 East Area and 200 West Area facilities, 

respectively.
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Figure 4-3. Release Locations at 200 East Area Facilities 
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Figure 4-4. Release Locations at 200 West Area Facilities
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5 Software Applications, Descriptions, Installation 
and Checkout, and Statements of Validity 

Software used to perform the calculations for this ECF was in accordance with PRC-PRO-IRM-309, 

Controlled Software Management.  

5.1 Approved Software 

The software used for this ECF was approved and complies with PRC-PRO-IRM-309. The software is 

managed under the following documents consistent with PRC-PRO-IRM-309:  

 CHPRC-00257, MODFLOW and Related Codes Functional Requirements Document 

 CHPRC-00258, MODFLOW and Related Codes Software Management Plan 

 CHPRC-00259, MODFLOW and Related Codes Software Test Plan 

 CHPRC-00260, MODFLOW and Related Codes Requirements Traceability Matrix 

 CHPRC-00261, MODFLOW and Related Codes Acceptance Test Report 

 CHPRC-02839, KT3D_H2O and MEUK Integrated Software Management Plan: KT3D_H2O 

Version 3.5.1 and MEUK Version 0.2.2 

PRC-PRO-IRM-309 distinguishes between safety software and support software based on whether the 

software calculates reportable results or provides run support, visualization, or similar functions. Brief 

descriptions of the software are provided in Section 5.2. 

5.2 Software Description 

A controlled calculation software, MODFLOW-USG (Panday et al., 2013, MODFLOW-USG Version 1: 

An Unstructured Grid Version of MODFLOW for Simulating Groundwater Flow and Tightly Coupled 

Processes Using a Control Volume Finite-Difference Formulation), was used for calculations that support 

this ECF. 

 Software title: MODFLOW-USG solves transient groundwater flow equations using the control-

volume finite-difference discretization technique 

 Software version: USG-TRANSPORT VERSION 1.0.0  

 Hanford Information Systems Inventory identification number: 2517 

 Workstation type and property number (from which software is run): S.S. Papadopulos and Assoc., 

Inc., FE563 

In addition, MEUK was used to perform groundwater elevation mapping using measured groundwater 

levels. MEUK is classified as safety software and graded level C based on responses to the Software 

Grading Checklist in PRC-PRO-IRM-309. Use of this software at the Hanford Site is managed under the 

following integrated software management plan (CHPRC-02839): 

 Software title: MEUK (SSP&A, 2016, Version 0.2.2) 

 Software version: CH2M HILL Plateau Remediation Company Build 2 (Version 0.2.2) 
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 Hanford Information Systems Inventory identification number: 2517 (safety software and graded 

level C) 

 Workstation type and property number (from which software is run): SSPA and FE449 

MEUK is programmed in the R language (R Development Core Team, 2013, R: A Language and 

Environment for Statistical Computing) and uses the gstat package (Pebesma, 2004, “Multivariable 

Geostatistics in S: the gstat Package”). MEUK can be supplemented or validated using KT3D_H2O 

(Karanovic et al., 2009). 

5.3 Support Software 

The following software programs are classified as support software: 

 PEST: (Doherty, 2015) Estimates parameter values that minimize the objective function(s) to 

calibrate models using inverse theory. 

 Groundwater Vistas™: Rumbaugh and Rumbaugh, 2017, Groundwater Vistas Version 7. Provided 

graphical tools used for model quality assurance and model input/output review. 

 ArcGIS: Visualization and post-processing tool for assessing simulated plume distributions, 

identifying extraction/injection well coordinates, and mapping auxiliary data (Mitchell, 1999, 

The ESRI Guide to GIS Analysis, Volume 1: Geographic Patterns & Relationships). 

 Surfer: Data interpolation for visualization, model implementation, and quality assurance. 

 mod-PATH3DU: Particle-tracking code for calculating the three-dimensional flow pathlines and 

travel times of solute particles. 

 AlgoMesh: A mesh-generating software used for creating unstructured triangular and Voronoi grids 

for MODFLOW-USG: AlgoMesh Version 1.2.0.37827 (64 bit) (HydroAlgorithmics, 2016). 

 R: The R programming environment for statistical computing and graphics (R Development Core 

Team, 2013; Ihaka and Gentleman, 1996, “R: A Language for Data Analysis and Graphics”), was 

used to perform a variety of data processing, including post-processing calculation results and 

generating plots of aggregate data time series. The following R packages were also used as follows: 

 Package GSTAT provided the kriging engine for water levels. 

 Package SSPAMEUK provided functions for the generation of water level kriging drifts. 

 Package RASTER was used to generate water level American Standard Code for Information 

Interchange (ASCII) grids and raster calculations. 

                                                      
™ Groundwater Vistas is a trademark of Environmental Simulations, Inc., Reinholds, Pennsylvania. 

 ArcGIS is a registered trademark of the Environmental Systems Research Institute, Inc., Redlands, California. 

 Surfer is a registered trademark of Golden Software, LLC, Golden, Colorado. 

 Surfer is a registered trademark of Golden Software, LLC, Golden, Colorado. 

 AlgoMesh is registered trademark of HydroAlgorithmics Pty Ltd, Canberra, Australia. 
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5.4 Software Installation and Checkout 

Safety software is checked out in accordance with procedures specified in PRC-PRO-IRM-309. 

Executables are obtained from the CHPRC software owner (who maintains the configuration-managed 

copies in MKS Integrity). Installation tests identified in CHPRC-00259 and CHPRC-02839 are 

performed on the software and successful installation confirmed. Software installation and checkout 

forms are required and must be approved for installations used to perform model runs. Approved users are 

registered in Hanford Information Systems Inventory for safety software. 

5.4.1 Statement of Valid Software Application 

The software identified above was used consistent with intended uses for CHPRC, as identified in 

CHPRC-00257 and CHPRC-02839, and is a valid use of this software for this application. The software 

was used within its limitations, as identified in CHPRC-00257 and CHPRC-02839. 

                                                      
 MKS Integrity is a registered trademark of MKS, Inc., Needham, Massachusetts. 
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6 Calculations 

This chapter describes the calculations performed to examine all 200 Area facilities.  

6.1 Generation of General Groundwater Flow Directions using Particle Tracking 

Particle tracking was performed using mod-PATH3DU (Muffels et al., 2018). 

The grids of groundwater elevations generated for the first quarter of CY 2019 using TRIM and MEUK 

were used as the basis for particle tracking. Gradients and average linear velocities specific to each 

facility were then calculated from the tracked particle pathlines representing the general groundwater flow 

directions within a localized region of the facility.  

The calculated groundwater elevations generated throughout the domain were first imported into the 

Groundwater Vistas Graphical User Interface software and then exported as a regular grid using the 

Surfer grid format to serve as an input file for mod-PATH3DU. Two ASCII text files, each representing 

grids of hydraulic conductivities and mobile porosities as presented in Table 4-1, were also prepared to 

serve as the per-cell property input files for mod-PATH3DU. 

Particle tracking calculations were carried out for each facility using the following steps: 

1. Particle release locations were set up in ArcMap, a main component of ArcGIS. Ten particle 

release locations were placed at evenly spaced intervals along straight lines immediately 

upgradient of the facility. The lines were oriented such that the resulting pathlines provide 

uniform coverage of the respective facility. The starting locations were then exported as a point 

ArcGIS shapefile to serve as the particle release location input file for mod-PATH3DU. The 

particle release locations for each facility in the 200 East and 200 West Areas are shown in 

Figures 4-1 and 4-2, respectively. 

2. The primary mod-PATH3DU input file was generated with the following: 

a. A maximum tracking time that allowed the majority of the particles released to migrate 

beyond the locations of the facility’s boundary during the calculations 

b. Particles tracked via advective transport only 

3. Mod-PATH3DU was executed to make the particle-tracking calculations and produce a binary 

pathline output file containing the pathlines for each tracked particle. Mod-PATH3DU calculates 

the advective velocity at any point along the pathline using the hydraulic gradient at that point 

and the provided cell porosity and hydraulic conductivity. 

4. A post-processing program (writep3doutput.exe) was executed to convert the mod-PATH3DU 

binary pathline output file into an ArcGIS shapefile format and an ASCII text file format. The 

latter lists particle locations, travel time, and the advective velocities in the x- and y-directions.  

The post-processed mod-PATH3DU output files were then used for visualizing the particle pathlines and 

calculating the facility-specific gradients and average linear velocities. 
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6.2 Calculation of Facility-Wide Gradients 

For each facility, a binary pathline output file was produced by mod-PATH3DU containing the pathlines 

for each tracked particle. The binary pathline output file was converted into an ArcGIS shapefile format 

as detailed in Section 6.1. The shapefile contains the points along the calculated particle pathlines and 

lists particle locations and travel time.  

This point shapefile was imported into ArcMap and then the groundwater elevation at each of the points 

was linearly interpolated from the respective TRIM- or MEUK-generated piecewise continuous 

water-level surfaces using the ArcGIS “Spatial Analyst” tool.  

Data from the shapefile containing particle coordinates and the interpolated groundwater elevations were 

then used to calculate the gradient magnitude and azimuth for each pathline segment as described in 

Section 3.3.  

6.3 Calculation of Average Linear Velocity 

Mod-PATH3DU calculates the advective velocity at any point along the pathline using the hydraulic 

gradient at that point and the provided cell porosity and hydraulic conductivity. 

For each facility, a binary pathline output file was produced by mod-PATH3DU containing the pathlines 

for each tracked particle. The output files were converted into an ASCII text file format as detailed in 

Section 6.1. The text file lists the advective velocities in the x- and y-directions at each point along the 

pathline. 

The x- and y- components of the advective velocity vector for each tracked point were then added to yield 

the resultant average linear velocity vector, 𝐴𝐿𝑉, as follows: 

𝐴𝐿𝑉 =  √𝑣𝑥
2 + 𝑣𝑦

2 (Eq. 4) 

where 𝑣𝑥 and 𝑣𝑦 are the advective velocities in the x- and y-directions respectively. 
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7 Results 

This chapter presents outputs from the previously described calculations. The results presented include 

the following: 

 Summary tables and corresponding plots of calculated hydraulic gradient magnitudes, hydraulic 

gradient azimuths, and average linear velocities for the 200 East and 200 West Area facilities 

 Maps of particle pathlines that were calculated using the quarterly mapped groundwater elevations 

throughout the 200 East and 200 West Areas, respectively, illustrating general groundwater flow 

directions in the vicinity of each facility 

 Histogram plots of gradient magnitudes, gradient azimuths, and average linear velocities calculated 

from the particle pathlines for each facility 

7.1 200 East Area 

Summary statistics pertaining to the calculated hydraulic gradients and average linear velocities at the 

200 East Area facilities for the first quarter of 2019 are presented in Table 7-1. Figures 7-1 through 7-3 

illustrate the same data graphically. The results for each 200 East Area facility are presented in the 

facility-specific sections below. 
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Table 7-1. Calculated Hydraulic Gradients and Average Linear Velocities at the 200 East Area Facilities for First Quarter of 2019 

Site 

Gradient Magnitude [-] 
Gradient Azimuth  

(degrees from north) 
Average Linear Velocity (m/d) 

Min Max Average Median Min Max Average Median Min Max Average Median 

216-A-29 Ditch 1.05E-05 5.79E-05 1.72E-05 1.52E-05 121 171 153 153 0.77 3.94 1.24 1.11 

216-A-36B Crib 6.17E-06 1.23E-05 1.08E-05 1.11E-05 114 142 135 136 2.06E-04 4.09E-04 3.58E-04 3.71E-04 

216-A-37-1 Crib 1.11E-05 2.03E-05 1.46E-05 1.41E-05 122 148 133 133 0.76 1.42 1.04 1.03 

216-B-3 Main 

Pond 
6.35E-06 2.80E-05 1.54E-05 1.47E-05 137 177 160 161 0.46 2.01 1.11 1.07 

216-B-63 Trench 3.75E-06 1.23E-05 6.24E-06 5.11E-06 118 156 135 134 0.27 0.83 0.44 0.37 

IDF 2.72E-09 2.65E-05 9.73E-06 8.14E-06 71 131 98 101 1.79E-04 1.80 0.48 0.52 

LERF 8.19E-05 4.06E-04 2.30E-04 2.13E-04 146 199 171 169 5.57 27.59 15.61 14.50 

LLBG WMA-1 3.56E-06 8.03E-05 3.30E-05 3.11E-05 85 158 121 116 0.26 5.46 2.33 2.15 

LLBG WMA-2 2.95E-06 9.38E-06 5.41E-06 5.02E-06 143 227 181 180 0.20 0.64 0.37 0.34 

WMA-A-AX 9.46E-06 2.95E-05 1.61E-05 1.78E-05 138 163 150 149 0.68 2.15 1.16 1.26 

WMA-B-BX-BY 2.99E-06 3.00E-05 5.96E-06 4.77E-06 107 158 142 143 0.22 2.18 0.43 0.35 

WMA-C 1.38E-05 4.30E-05 2.22E-05 2.12E-05 152 336 173 168 0.94 2.92 1.52 1.47 

IDF = Integrated Disposal Facility 

LERF = Liquid Effluent Retention Facility 

LLBG = Low-Level Burial Grounds 

WMA = Waste Management Area 
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Figure 7-4. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the 216-A-29 Ditch for the First Quarter of 2019 
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Figure 7-5. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 216-A-29 Ditch for the 
First Quarter of 2019 

 

Figure 7-6. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 216-A-29 Ditch for the 
First Quarter of 2019 
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Figure 7-7. Histogram Plot of Calculated Average Linear Velocities at the 216-A-29 Ditch for the 
First Quarter of 2019 

7.1.2 216-A-36B Crib 

Figure 7-8 shows the calculated particle pathlines representing the general groundwater flow direction for 

the first quarter of 2019 at the 216-A-36B Crib. The cumulative frequency plots for calculated hydraulic 
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presented in Figures 7-9 through 7-11.
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Figure 7-8. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the 216-A-36B Crib for the First Quarter of 2019
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Figure 7-9. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 216-A-36B Crib 
for the First Quarter of 2019 

 

Figure 7-10. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 216-A-36B Crib 
for the First Quarter of 2019 
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Figure 7-11. Histogram Plot of Calculated Average Linear Velocities at the 216-A-36B Crib for the 
First Quarter of 2019 
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Figure 7-12. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the 216-A-37-1 Crib for the First Quarter of 2019
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Figure 7-13. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 216-A-37-1 Crib 
for the First Quarter of 2019 

 

Figure 7-14. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 216-A-37-1 Crib 
for the First Quarter of 2019 
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Figure 7-15. Histogram Plot of Calculated Average Linear Velocities at the 216-A-37-1 Crib 
for the First Quarter of 2019 
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Figure 7-16 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at the 216-B-3 Pond. The extents of the TRIM model domain precluded the 
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the 216-B-3 Pond are presented in Figures 7-17 through 7-19. 
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Figure 7-16. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the 216-B-3 Pond for the First Quarter of 2019
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Figure 7-17. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 216-B-3 Pond 
for the First Quarter of 2019 

 

Figure 7-18. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 216-B-3 Pond 
for the First Quarter of 2019 
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Figure 7-19. Histogram Plot of Calculated Average Linear Velocities at the 216-B-3 Pond for the 
First Quarter of 2019 

7.1.5 216-B-63 Trench 

Figure 7-20 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at the 216-B-63 Trench. The cumulative frequency plots for calculated 

hydraulic gradient magnitudes, hydraulic gradient azimuths, and average linear velocities at the 

216-B-63 Trench are presented in Figures 7-21 through 7-23.
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Figure 7-20. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the 216-B-63 Trench for the First Quarter of 2019
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Figure 7-21. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 216-B-63 Trench 
for the First Quarter of 2019 

 

Figure 7-22. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 216-B-63 Trench 
for the First Quarter of 2019 
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Figure 7-23. Histogram Plot of Calculated Average Linear Velocities at the 216-B-63 Trench 
for the First Quarter of 2019 

7.1.6 Integrated Disposal Facility 

Figure 7-24 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at the IDF. The cumulative frequency plots for calculated hydraulic gradient 
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Figure 7-24. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the IDF for the First Quarter of 2019
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Figure 7-25. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the IDF for the 
First Quarter of 2019 

 

Figure 7-26. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the IDF for the 
First Quarter of 2019 
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Figure 7-27. Histogram Plot of Calculated Average Linear Velocities at the IDF for the 
First Quarter of 2019 

7.1.7 Liquid Effluent Retention Facility 

Figure 7-28 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at the LERF. The extents of the TRIM model domain precluded the placement 

of particle release locations upgradient of the entire facility. The cumulative frequency plots for 

calculated hydraulic gradient magnitudes, hydraulic gradient azimuths, and average linear velocities at the 

LERF are presented in Figures 7-29 through 7-31. 
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Figure 7-28. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the LERF for the First Quarter of 2019
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Figure 7-29. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the LERF for the 
First Quarter of 2019 

 

Figure 7-30. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the LERF for the 
First Quarter of 2019 
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Figure 7-31. Histogram Plot of Calculated Average Linear Velocities at the LERF for the 
First Quarter of 2019 

7.1.8 Low-Level Burial Grounds Waste Management Area-1 

Figure 7-32 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at the LLBG WMA-1. The cumulative frequency plots for calculated 
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LLBG WMA-1 are presented in Figures 7-33 through 7-35. 
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Figure 7-32. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the LLBG WMA-1 for the First Quarter of 2019
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Figure 7-33. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the LLBG WMA-1 for 
the First Quarter of 2019 

 

Figure 7-34. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the LLBG WMA-1 for 
the First Quarter of 2019 
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Figure 7-35. Histogram Plot of Calculated Average Linear Velocities at the LLBG WMA-1 for the 
First Quarter of 2019 
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Figure 7-36 shows the calculated particle pathlines representing the general groundwater flow direction 
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LLBG WMA-2) to the extent possible, but the extents of the TRIM model domain precluded the 
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Figure 7-36. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the LLBG WMA-2 for the First Quarter of 2019
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Figure 7-37. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the LLBG WMA-2 
for the First Quarter of 2019 

 

Figure 7-38. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the LLBG WMA-2 
for the First Quarter of 2019 
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Figure 7-39. Histogram Plot of Calculated Average Linear Velocities at the LLBG WMA-2 
for the First Quarter of 2019 
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Figure 7-40. Calculated Particle Pathlines Representing General Groundwater Flow Directions at WMA A-AX for the First Quarter of 2019
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Figure 7-41. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA A-AX for the 
First Quarter of 2019 

 

Figure 7-42. Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA A-AX for the 
First Quarter of 2019 
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Figure 7-43. Histogram Plot of Calculated Average Linear Velocities at WMA A-AX for the 
First Quarter of 2019 

7.1.11 Waste Management Area B-BX-BY 

Figure 7-44 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at WMA B-BX-BY. The cumulative frequency plots for calculated hydraulic 
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presented in Figures 7-45 through 7-47. 
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Figure 7-44. Calculated Particle Pathlines Representing General Groundwater Flow Directions at WMA B-BX-BY for the First Quarter of 2019
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Figure 7-45. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA B-BX-BY 
for the First Quarter of 2019 

 

Figure 7-46. Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA B-BX-BY 
for the First Quarter of 2019 
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Figure 7-47. Histogram Plot of Calculated Average Linear Velocities at WMA B-BX-BY 
for the First Quarter of 2019 

7.1.12 Waste Management Area C 

Figure 7-48 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at WMA C. The cumulative frequency plots for calculated hydraulic gradient 

magnitudes, hydraulic gradient azimuths, and average linear velocities at WMA C are presented in 

Figures 7-49 through 7-51. 

1600 -

1400 

1200 

1000 

~ 
C 
Q) 800 ::s er 
~ ... 

600 

400 

200 

0 

WMA 8-BX-BY 

0.22 0.40 0.58 0.75 0 .93 1.11 1.29 1.47 1.64 1.82 2.00 More 

Calculated Average Linear Velocity (m/d) 

c:::::J Frequency - cumulative% 

- 100% 

90% 

800/o 

700/o 

600/o ~ 

500/o 

Q) 
> ·.;; 

"' :i 

400/o 
E 
::s 
u 

300/o 

200/o 

100/o 

0% 



E
C

F
-H

A
N

F
O

R
D

-1
9
-0

0
9
1
, R

E
V

. 0
  

7
-3

9
 

 
 

 

 

Figure 7-48. Calculated Particle Pathlines Representing General Groundwater Flow Directions at WMA C for the First Quarter of 2019
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Figure 7-49. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA C for the 
First Quarter of 2019 

 

Figure 7-50. Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA C for the 
First Quarter of 2019 
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Figure 7-51. Histogram Plot of Calculated Average Linear Velocities at WMA C 
for the First Quarter of 2019 
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Table 7-2. Calculated Hydraulic Gradients and Average Linear Velocities at the 200 West Area Facilities for the First Quarter of 2019 

Site 

Gradient Magnitude [-] 
Gradient Azimuth (degrees from 

north) 
Average Linear Velocity (m/d) 

Min Max Average Median Min Max Average Median Min Max Average Median 

216-S-10 2.14E-03 3.12E-03 2.55E-03 2.48E-03 77 106 88 87 0.07 0.10 0.09 0.08 

Trenches 31 and 34 5.38E-04 5.85E-03 3.34E-03 3.24E-03 48 238 112 98 0.02 0.19 0.11 0.11 

WMA-3 1.33E-03 7.60E-03 4.25E-03 4.42E-03 27 128 92 99 0.04 0.25 0.14 0.15 

WMA-4 6.05E-03 1.78E-02 8.75E-03 8.81E-03 26 188 98 96 0.20 0.59 0.29 0.29 

WMA-S-SX 3.65E-03 5.89E-03 4.54E-03 4.56E-03 71 129 94 96 0.12 0.20 0.15 0.15 

WMA-T 5.34E-03 1.21E-02 6.84E-03 6.46E-03 74 117 105 105 0.18 0.40 0.23 0.22 

WMA-TX-TY 1.94E-03 1.86E-02 9.16E-03 9.58E-03 1 356 103 112 0.06 0.62 0.31 0.32 

WMA-U 4.69E-03 1.11E-02 6.05E-03 5.89E-03 44 96 80 83 0.16 0.37 0.20 0.20 

WMA = Waste Management Area 
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Figure 7-55. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the 216-S-10 Pond and Ditch for the 
First Quarter of 2019
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Figure 7-56. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the 216-S-10 
Pond and Ditch for the First Quarter of 2019 

 

Figure 7-57. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 216-S-10 
Pond and Ditch for the First Quarter of 2019 
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Figure 7-58. Histogram Plot of Calculated Average Linear Velocities at the 216-S-10 
Pond and Ditch for the First Quarter of 2019 

7.2.2 Low-Level Burial Grounds Trenches 31 and 34 

Figure 7-59 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at the LLBG Trenches 31 and 34. Particle release locations were placed inside 

the trenches so that the resulting pathlines project downgradient – placing particle release locations 

upgradient of the entire facility would not allow the resulting pathlines to traverse the facility due to the 

curvature in the adjacent flow field induced by treated groundwater injection operations. The cumulative 

frequency plots for calculated hydraulic gradient magnitudes, hydraulic gradient azimuths, and average 

linear velocities at the LLBG Trenches 31 and 34 are presented in Figures 7-60 through 7-62. 
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Figure 7-59. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the LLBG Trenches 31 and 34 for the 
First Quarter of 2019
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Figure 7-60. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the LLBG Trenches 31 and 34 for 
the First Quarter of 2019 

 

Figure 7-61. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the 
LLBG Trenches 31 and 34 for the First Quarter of 2019 
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Figure 7-62. Histogram Plot of Calculated Average Linear Velocities at the LLBG 
Trenches 31 and 34 for the First Quarter of 2019 

7.2.3 Low-Level Burial Grounds Waste Management Area-3 

Figure 7-63 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at the LLBG WMA-3. Particle release locations were placed upgradient of the 

green islands within WMA-3 in order to obtain pathlines projecting downgradient – placing particle 

release locations upgradient of the entire facility would not allow the resulting pathlines to traverse the 

facility due to the curvature in the adjacent flow field induced by treated groundwater injection 

operations. The cumulative frequency plots for calculated hydraulic gradient magnitudes, hydraulic 

gradient azimuths, and average linear velocities at the LLBG WMA-3 are presented in Figures 7-64 
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Figure 7-63. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the LLBG WMA-3 for the First Quarter of 2019

-- Particle Pathlines 

Particle Release Locations 

200W Pump & Treat Wells 

& Extraction 

• Injection 

-- Groundwater Elevation Contour (m) 

ml LLBG WMA-3 

c::::::::J Green Islands 

i.lj 200 West Facilities 

Waste Site or DWMU 

Facility (may also be a DWMU) 

DWMU = Dangerous Waste Management Untt 
LLBG = Low-Level Burial Grounds I 
WMA = Waste Management Area 

o 50 100 Meters 
I I I 
rT7 
o 100200 Feet 

8 

D I ! f I 



ECF-HANFORD-19-0091, REV. 0  
 

7-53 

 

Figure 7-64. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the LLBG WMA-3 
for the First Quarter of 2019 

 

Figure 7-65. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the LLBG WMA-3 
for the First Quarter of 2019 
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Figure 7-66. Histogram Plot of Calculated Average Linear Velocities at the LLBG WMA-3 
for the First Quarter of 2019 

7.2.4 Low-Level Burial Grounds Waste Management Area-4 

Figure 7-67 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at the LLBG WMA-4. The cumulative frequency plots for calculated 

hydraulic gradient magnitudes, hydraulic gradient azimuths, and average linear velocities at the 

LLBG WMA-4 are presented in Figures 7-68 through 7-70. 
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Figure 7-67. Calculated Particle Pathlines Representing General Groundwater Flow Directions at the LLBG WMA-4 for the First Quarter of 2019
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Figure 7-68. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at the LLBG WMA-4 
for the First Quarter of 2019 

 

Figure 7-69. Histogram Plot of Calculated Hydraulic Gradient Azimuths at the LLBG WMA-4 
for the First Quarter of 2019 
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Figure 7-70. Histogram Plot of Calculated Average Linear Velocities at the LLBG WMA-4 
for the First Quarter of 2019 

7.2.5 Waste Management Area S-SX 

Figure 7-71 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at the WMA S-SX. The cumulative frequency plots for calculated hydraulic 

gradient magnitudes, hydraulic gradient azimuths, and average linear velocities at the WMA-S-SX are 

presented in Figures 7-72 through 7-74. 
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Figure 7-71. Calculated Particle Pathlines Representing General Groundwater Flow Directions at WMA S-SX for the First Quarter of 2019

I 
.l 

-- Particle Pathlines 

Particle Release Locations 

200W Pump & Treat Wells 

.a. Extraction 

• Injection 

-- Groundwater Elevation Contour (m) 

E;m WMAS-SX 
200 West Facilities 

waste Site or DWMU 

Facility (may also be a DWMU) 

DWMU = Dangerous waste Management Unit 
WMA = Waste Management Area 

50 
f I 

100 Meters 

r,--, 
O 100 200 Feet 

I / 
216-5-10 



ECF-HANFORD-19-0091, REV. 0  
 

7-59 

 

Figure 7-72. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA S-SX for the 
First Quarter of 2019 

 

Figure 7-73. Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA S-SX for the 
First Quarter of 2019 

400 

350 

300 

1:" 250 
C ., 
:, 
tT 

~ 200 

150 

100 

50 

c:::J Frequency 

-o-Cumulative % 

WMAS-SX 

3.50E-03 3.70E-03 3.90E-03 4.lOE-03 4.30E-03 4.50E-03 4.70E-03 4.90E-03 5.l OE-03 5.30E-03 5.50E-03 

Calculated Gradient (-) 

WMAS-SX 

More 

100% 

90% 

80% 

70% 

~ 
60% QI 

> .:; ,. 
50% ] 

40% 

30% 

20% 

10% 

::, 
u 

600 ,-----------------------:;;:::====-~ - --o--,- 100% 

1::::1 Frequency 

-o-Cumulative % 90% 

500 · 
80% 

70% 
400 

~ 

1:" 
C 

~ 300 · 
tT 

~ ... 

60% ~ -~ ,. 
50% ] 

::, 
u 

40% 

200 
30% 

20% 
100 

10% 

0% 
70 75 79 84 88 93 97 102 106 111 115 More 

Calculated Azimuth (degrees from North) 



ECF-HANFORD-19-0091, REV. 0  
 

7-60 

 

Figure 7-74. Histogram Plot of Calculated Average Linear Velocities at WMA S-SX for the 
First Quarter of 2019 

7.2.6 Waste Management Area T 

Figure 7-75 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at WMA T. The cumulative frequency plots for calculated hydraulic gradient 

magnitudes, hydraulic gradient azimuths, and average linear velocities at WMA T are presented in 

Figures 7-76 through 7-78. 
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Figure 7-75. Calculated Particle Pathlines Representing General Groundwater Flow Directions at WMA T for the First Quarter of 2019
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Figure 7-76. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA T for the 
First Quarter of 2019 

 

Figure 7-77. Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA T for the 
First Quarter of 2019 

600 

500 

400 

~ 
C 

~ 300 
tT 
l!! ... 

200 

100 

c:::J Frequency 

--o-Cumulative % 

WMAT 
100% 

90% 

80% 

70% 

~ 
60% QI 

> .:; ,. 
SO% ] 

40% 

30% 

20% 

10% 

::, 
u 

0 0% 

S.OOE-03 S.SOE-03 6.00E-03 6.SOE-03 7.00E-03 7.SOE-03 8.00E-03 8.SOE-03 9.00E-03 9.SOE-03 1.00E-02 More 

Calculated Gradient (-) 

WMAT 

600 ,------------------------------ua=-- -0---0-, 100% 

c:::J Frequency 

--o-Cumulative % 90% 

500 · 
80% 

70% 
400 

~ 

~ 
C 

~ 300 • 
tT 

l!! ... 

60% ~ -~ ,. 
50% ] 

::, 
u 

40% 

30% 

20% 

10% 

0% 

80 84 87 90 94 97 101 105 108 112 115 More 

Calculated Azimuth (degrees from North) 



ECF-HANFORD-19-0091, REV. 0  
 

7-63 

 

Figure 7-78. Histogram Plot of Calculated Average Linear Velocities at WMA T for the 
First Quarter of 2019 

7.2.7 Waste Management Area TX-TY 

Figure 7-79 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at WMA TX-TY. The cumulative frequency plots for calculated hydraulic 

gradient magnitudes, hydraulic gradient azimuths, and average linear velocities at WMA TX-TY are 

presented in Figures 7-80 through 7-82. 
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Figure 7-79. Calculated Particle Pathlines Representing General Groundwater Flow Directions at WMA TX-TY for the First Quarter of 2019
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Figure 7-80. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA TX-TY for the 
First Quarter of 2019 

 

Figure 7-81. Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA TX-TY for the 
First Quarter of 2019 
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Figure 7-82. Histogram Plot of Calculated Average Linear Velocities at WMA TX-TY for the 
First Quarter of 2019 

7.2.8 Waste Management Area U 

Figure 7-83 shows the calculated particle pathlines representing the general groundwater flow direction 

for the first quarter of 2019 at WMA U. The cumulative frequency plots for calculated hydraulic gradient 

magnitudes, hydraulic gradient azimuths, and average linear velocities at WMA U are presented in 

Figures 7-84 through 7-86. 
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Figure 7-83. Calculated Particle Pathlines Representing General Groundwater Flow Directions at WMA U for the First Quarter of 2019
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Figure 7-84. Histogram Plot of Calculated Hydraulic Gradient Magnitudes at WMA U for the 
First Quarter of 2019 

 

Figure 7-85. Histogram Plot of Calculated Hydraulic Gradient Azimuths at WMA U for the 
First Quarter of 2019 
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Figure 7-86. Histogram Plot of Calculated Average Linear Velocities at WMA U for the 
First Quarter of 2019
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