April 2016

53

993-1410-007.006

9.0 CLOSING

Andrew Austreng, LG
Project Hydrogeologist

Suif ol

David Banton, LHG
Principal, Hydrogeologist

AA/JP/DB/sb

Jay Pietraszek, LG

Senior Project Hydrologist

042516aal_march 2016_revised_city of tumwater_whpp.docx

Golder
L7 Associates



April 2016 54 993-1410-007.006

10.0 REFERENCES

Anderson, M.P., and Woessner, W.W., 1992, Applied groundwater modeling—Simulation of flow and
advective transport: Academic Press, San Diego

Borden, R.K. and K.G. Troost. 2001. Late Pleistocene Stratigraphy in the South-Central Puget Lowland,
Pierce County, Washington. Washington Division of Geology and Earth Resources, Report of
Investigations 33, December 2001.

Cascadia Consulting Group. 2014. Thurston County Hazardous Waste Management Plan. July 2014.
http://www.co.thurston.wa.us/health/ehhw/hwPlan/pdfs/HazardousWasteManagementPlan2014.pdf

CH2M Hill. 2013. Third Five-Year Review Report: Palermo Wellfield Superfund Site, Tumwater,
Washington. Prepared for U.S. Environmental Protection Agency Region 10. September 2013.

Drost, B.W., G.L. Turney, N.P. Dion, and M.A. Jones. 1998. Hydrology and Quality of Ground Water in
Northern Thurston County, Washington. Prepared in cooperation with Thurston County Department of
Health. United States Geological Survey, WRI N0.92-4109 Rev.

Drost B.W., D.M. Ely and W.E. Lum, Il. 1999. Conceptual model and numerical simulation of the ground-
water-flow system in the unconsolidated sediments of Thurston County, Washington. Prepared in
cooperation with the Thurston County Health Department. USGS Water Resources Investigation
N0.92-4109 (Rev.).

Economic and Engineering Services, Inc. (EES). 1997. Pacific Groundwater Group and Dally
Environmental, City of Tumwater Wellhead Protection Plan.

Environmental Protection Agency (EPA). 2002. Onsite Wastewater Treatment Systems Manual. Report
No. 625/R-00/008.

Environmental Simulations Inc. (ESI). 2011. Groundwater Vistas Version 6.4.4 Build 2.

Golder Associates Inc. (Golder). 2008a. QED Well Wizard Monitoring Wellfield Manual. Technical
Memorandum to the City of Tumwater, January 31, 2008.

Golder. 2008b. Monitoring Well Pump Replacement: Center Street and Pat Kennedy Way (MW-96-19 /
ACB 848) Tumwater, Washington. Technical Memorandum to the City of Tumwater, January 31, 2008.

Golder. 2008c. Monitoring Well Pump Replacement: MW-96-15/ACB 844; MW-96-16/ACB 845; MW-96-
20/ACB 850. Technical Memorandum to the City of Tumwater, December 19, 2008.

Golder. 2009. Barnes Lake Characterization. Prepared for the City of Tumwater.

Harbaugh, Arlen W. 2005. MODFLOW-2005; The U.S. Geological Survey Modular Ground-water Model -
The Ground-water Flow Process. (U.S. Geological Survey Techniques and Methods 6-A16).

Harbaugh, Arlen W., E.R. Banta, M.C. Hill, and M.G. McDonald. 2000. MODFLOW-2000; The U.S.
Geological Survey Modular Ground-water Model—User Guide to Modularization Concepts and the
Ground-water Flow Process. (Open File Report 00-92). U.S. Geological Survey, 121 p.

Harbaugh, Arlen W. and M.G. McDonald. 1996. User's Documentation for MODFLOW-96, An Update to
the U.S. Geological Survey Modular Finite-Difference Ground-water Flow Model. (Open File Report 96-
485). U.S. Geological Survey, 56 p.

% E Golder
042516aal_march 2016_revised_city of tumwater_whpp.docx ASSOCIateS



April 2016 55 993-1410-007.006

HDR. 2011. City of Tumwater 2010 Water System Plan, April 2011

Logan, R.L., T.J. Walsh, HW. Schasse and M. Polenz. 2003. Geologic Map of the Lacey 7.5 Minute
Quadrangle, Thurston County, Washington. Washington Division of Geology and Earth Resources,
Open File Report 2003-9.

Logan, R.L., T.J. Walsh, B.W. Stanton, and I.W. Sarikhan. 2009. Geologic Map of the Maytown
7.5-minute Quadrangle, Thurston County, Washington. Washington State Department of Natural
Resources Geologic Map GM-72.

McDonald, M. G., and A. W. Harbaugh. 1988. A Modular Three-dimensional Finite-Difference Ground-water
Flow Model. (Techniques of Water-Resources Investigations, Book 6, Chapter Al). U.S. Geological
Survey, 586 p.

Noble, J.B. and E.F. Wallace. 1966. Geology and Ground-Water Resources of Thurston County,
Washington; Volume 2: Washington Division of Water Resources Water-Supply Bulletin 10,
v. 2,141 p., 5 plates.

National Oceanic and Atmospheric Administration (NOAA). 2016. Quality Controlled Local Climatological
Data [QCLCD], site 24227/OLM (Olympia: Olympia  Airport). Accessed 3/2016
http://www.ncdc.noaa.gov/qclcd/QCLCD

Pacific Groundwater Group (PGG) 1997.

Pacific Groundwater Group (PGG). 2004. Well Completion Report for Southwest Wellfield Test Well at
Black Hills Community Soccer Complex, Tumwater, Washington. April 2004.

Pollock, D.W. 1994. User’s guide for MODPATH/MODPATH-PLOT, Version 3: A particle tracking post-
processing package for MODFLOW, the U.S. Geological Survey finite-difference ground-water flow
model. U.S. Geological Survey Open-File Report 94-464. September 1994.

Safe Drinking Water Act. 1986. US Code Section 300h-7 — State Programs to establish wellhead protection
areas. Obtained 10/18/2013 from http://elr.info/sites/default/files/docs/statutes/full/sdwa.pdf

Sinclair K. and D. Bilhimer, 2007. Assessment of Surface Water / Groundwater Interactions and Associated
Nutrient Fluxes in the Deschutes River and Percival Creek Watersheds, Thurston County. Washington
Department of Ecology Publication No. 07-03-002.

Thurston County. 2011. City of Tumwater Wellhead Protection Area Monitoring: Water Year 2009-2010
Final Report.

Thurston County. 2013a. City of Tumwater Wellhead Protection Area Monitoring: Water Year 2013-2014
Final Report.

Thurston County. 2013b. Salmon Creek Drainage Basin Groundwater Monitoring Data. Obtained
09/26/2013 from http://www.co.thurston.wa.us/monitoring-salmoncreek/home.html

Wallace, E.F. and D. Molenaar. 1961. Geology and Ground-Water Resources of Thurston County
Washington. Volume 1. Water Supply Bulletin 10, Division of Water Resources, Washington State
Department of Conservation.

Walsh, T.J., R.L. Logan, H.W. Schasse, and M. Polenz. 2003. Geologic Map of the Tumwater 7.5-minute

Quadrangle, Thurston County, Washington. Washington State Department of Natural Resources Open
File Report 2003-25.

% E Golder
042516aal_march 2016_revised_city of tumwater_whpp.docx ASSOCIateS




April 2016 56 993-1410-007.006

Walsh, T.J. and R.L. Logan. 2005. Geologic Map of the East Olympia 7.5 Minute Quadrangle, Thurston
County, Washington. Washington Division of Geology and Earth Resources, Geologic Map
GM-56.

Washington State Department of Health (DOH). Office of Drinking Water. 2010. Wellhead Protection
Program Guidance Document. Accessed 9/30/2013 from:
http://www.doh.wa.gov/Portals/1/Documents/Pubs/331-018.pdf.

Western Regional Climate Center (WRCC). 2013. Historical Climate Information. Accessed July 11, 2013
from: http://www.wrcc.dri.edu/summary/olm.wa.html

% E Golder
042516aal_march 2016_revised_city of tumwater_whpp.docx ASSOCIates



	CITY OF TUMWATER WELLHEAD PROTECTION PLAN DOH WATER SYSTEM ID 89700
	Executive Summary
	Table of Contents
	Acronyms and Abbreviations
	1.0 Introduction
	1.1 Regulatory Background and Purpose
	1.2 Past WHPP Work
	1.3 Scope and Authorization
	1.4 Plan Overview

	2.0 Physical Setting and Hydrogeology
	2.1 General Physical Setting
	2.2 Climate
	2.3 Surface Hydrology
	2.4 Hydrogeologic Units
	2.4.1 Surficial Alluvial Aquifer (Qal)
	2.4.2 Vashon Recessional Outwash (Qgo and Qgos)
	2.4.3 Vashon Till (Qgt)
	2.4.4 Vashon Advance Outwash Aquifer (Qga)
	2.4.5 Deeper Stratigraphic Units

	2.5 Groundwater Flow System

	3.0 Wellhead capture Zone Delineations
	3.1 Model Codes and Datum
	3.2 Model Development and Calibration
	3.2.1 Model Configuration and Boundaries
	3.2.2 Aquifer Properties
	3.2.3 Recharge and Pumping Rates
	3.2.4 Model Calibration

	3.3 Delineation of Capture Zones
	3.3.1 Particle Tracking Code
	3.3.2 Effective Porosity Estimate
	3.3.3 Pumping Rates

	3.4 Capture Zone Results and Discussion
	3.4.1 Overview
	3.4.2 Discussion
	3.4.3 Recommended Wellhead Protection Area (WHPA)


	4.0 Contaminant Source Inventory
	4.1 Identification of Potential Point Sources
	4.1.1 Known Releases
	4.1.2 Hazardous Sites
	4.1.3 Windshield Survey

	4.2 Inventory Findings
	4.2.1 Comparison to 2010 Contaminant Source Inventory
	4.2.2 Underground Storage Tank Sites
	4.2.3 Hazardous Materials Generators/Handlers
	4.2.4 Palermo Wellfield Superfund Site

	4.3 Other Potential Contaminant Sources
	4.3.1 Septic Systems
	4.3.2 Domestic Heating Oil Tanks
	4.3.3 Stormwater (UIC) Wells
	4.3.4 Department of Health - Listed Water Wells
	4.3.5 Contaminants of Emerging Concern (CECs)

	4.4 Sanitary Control Areas
	4.5 On-Going Inventory and Risk Management
	4.6 Conclusions and Recommendations

	5.0 Groundwater Management Strategies
	5.1 Strategy #1 – Collaborate
	5.1.1 Recommendations

	5.2 Strategy #2 – City Ordinances
	5.2.1 Thurston County Code TCC 24.10 Critical Aquifer Recharge Areas
	5.2.2 TMC 16.24: Aquifer Protection Standards
	5.2.3 TMC 16.26: Wellhead Protection
	5.2.4 TMC 18.39: Aquifer Protection Overlay
	5.2.5 TMC 18.54: Non-Conforming Uses
	5.2.6 TMC 18.56: Conditional Use Permits

	5.3 Strategy #3 – Groundwater Monitoring
	5.3.1 Current Monitoring Program
	5.3.2 Monitoring Network Issues and Recommended Changes

	5.4 Strategy #4 – Implement Social Marketing and Educational Programs
	5.5 Strategy #5 – Prevent Groundwater Contamination

	6.0 Water Supply Contingency Plans
	6.1 Interties
	6.2 Emergency Response
	6.2.1 Recommendations


	7.0 Spill and Incident Response Plan
	7.1 Checklist for Spills or Incidents in Wellhead Protection Areas
	7.2 Recommendations for Updates ESF #10

	8.0 Summary of Key Findings and Recommendations
	8.1 Wellhead Protection Area Delineations
	8.2 Contaminant Source Inventory
	8.3 Groundwater Management Strategies
	8.4 Cost Estimates

	9.0 Closing
	10.0 References




