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Introduction
Purpose and Scope

On April 21, 2015 the Board of County Commissioners (the Board) approved Ordinance 15-25
which, among other elements, amended Section 24-43 of the Miami-Dade County Code (the
Code). Section 24-43 of the Code is the County’s drinking water wellfield protection regulations.
This Code Section requires the Department of Regulatory and Economic Resources’ Division of
Environmental Resources Management (RER-DERM) to maintain maps of the areas influenced
by Miami-Dade County’s potable water production wells (i.e. cones of influence). The cones of
influence are the basis for defining the County’s wellfield protection areas. The Code provides
land use restrictions for properties located within wellfield protection areas to ensure the safety of
Miami-Dade County’s drinking water supply.

The protection of the wellfields as a source of drinking water to meet the current and future needs
of the County’s residents is of paramount importance. The wellfield protection areas, which have
been amended from time to time, are developed based on science and public policy. Of Miami-
Dade County’s 26 wellfields, the West Wellfield and the Northwest Wellfield, represent the most
pristine and are therefore subject to more stringent land use restrictions.

At the time of adoption of the West Wellfield Interim Protection Area, the Code required DERM to
provide for technical review of the regulations applied within this wellfield protection area and to
submit to the Board recommendations necessary to protect the public’s health, safety and welfare
based on the technical reviews.

In fulfilment of the above-mentioned Code directive and pursuant to Resolution R-112-08,
adopted by the Board on February 5, 2008, Miami-Dade County contracted with the United States
Geological Survey (USGS), to develop a new groundwater/surface water model for Miami-Dade
County based on current science. The USGS, a division within the U.S Department of the Interior,
is nationally and internationally recognized for their expertise in groundwater and surface water
hydrogeology. The first phase of scope of work for the USGS contract involved the development
of a new groundwater model of the Northwest and the West Wellfield Interim Protection Areas to
reflect current understanding of the hydrology of the area and to provide consistency in the
assumptions and parameters used in determining the drawdown and travel times for the two
wellfields.

On April 19, 2013, the USGS published USGS Open File Report 2013-1086: Estimation of
Capture Zones and Drawdown at the Northwest and West Well Fields, Miami-Dade County,
Florida, Using an Unconstrained Monte Carlo Analysis: Recent (2004) and Proposed Conditions,
which presented revised travel times and groundwater draw down contours for the Northwest and
West Wellfield Interim Protection Areas.

The County hosted several public workshops to present the outcome of the modeling effort and
the draft of the revised wellfield protection area boundaries, and to solicit comments from the
stakeholders and general public. Stakeholder's comments were addressed during the iterative
report drafting process; however, some stakeholders expressed concerns with the USGS model,
as presented in the final report, as well as with the draft revised boundaries for the Northwest and
West Wellfield Interim Protection Areas that were developed based on the modelling results.
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To address the stakeholders concerns, the Board directed county staff to further consider the
stakeholders concerns and to conduct further scientific investigation of the proposed wellfield
protection areas and to follow up, within twenty four months, with a recommendations to the Board
for the updating and modernization of the existing protection areas.

In fulfillment of the directive from the Board, DERM established a technical work group (TWG) to
evaluate the stakeholder concerns with respect to the USGS report “USGS Open File Report
2013-1086: Estimation of Capture Zones and Drawdown at the Northwest and West Well Fields,
Miami-Dade County, Florida, Using an Unconstrained Monte Carlo Analysis: Recent (2004) and
Proposed Conditions” and the proposed wellfield protection area boundaries. The group was
tasked with providing consensus recommendations regarding options (including the need for
further studies) for addressing the issues raised by the stakeholders. The technical work group
consisted of experts in water resources planning and groundwater/surface water modelling and
included stakeholder representatives, the academic community, and regulatory and other
government entities.

The TWG held 8 meetings between March 2016 and June 2017. This report presents the
workgroup’s recommendations with respect to options for addressing the issues raised by the
stakeholders.

The members of the TWG reviewed the individual comments received by the County in response
to the USGS report and the proposed Wellfield Ordinance. The comments were summarized into
fourteen main issues. The report presents the TWG’s consensus recommendations/response to
the individual stakeholder's comments however, for ease of reference and for clarity, the
comments are presented in the body of the report in the summarized form (based on the fourteen
statement areas developed by the TWG) followed by the TWG’s consensus recommendation. In
those cases where the consensus was not unanimous, the differing opinion(s) is presented
immediately below the consensus opinion.

The full text of each stakeholders comment received by the County are provided as Attachment
A.
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Comment 1: Conduct further field tracer tests for improved representation of aquifer
properties in the model.

Response:

Tracer tests are used to support simulations of groundwater flow and contaminant transport in
heterogeneous media to obtain information about aquifer parameters. While there are many
instances of using tracer tests for calibration of contaminant transport models in the literature, the
TWG recognizes that the applications of such techniques in the context of the current efforts to
develop wellfield protection zones in Miami-Dade County will be difficult and are unlikely to result
in any significant gain. Tracer tests tend to be relatively expensive and only provide information
representative of the conditions present at the specific site and during the test which limits their
usefulness for generating wellfield protection maps. Tracer tests are highly influenced by hydro-
meteorological conditions (e.g., rainfall, operations of flow control structures and canals, and local
groundwater pumping). The USGS report already used the multiple tracer tests conducted in
2003 and 2004 near Northwest Wellfield to obtain critical aquifer parameters (see Harvey et. al.,
2008; Renken et. al., 2005 and 2008; Shapiro et. al., 2008). These tests have demonstrated the
significant complexity of flow patterns in the Biscayne aquifer.

Therefore, additional tracer tests conducted in a specific time are unlikely to improve the USGS
predictions of travel time in the current report.

The TWG considered the nature of the modeling being used for computing travel times,
complexity of the hydrogeology in the Biscayne Aquifer, boundary conditions, and the presence
of large lakes in the vicinity. Groundwater modeling is the most effective tool for generating travel
times, and the Monte-Carlo stochastic approach used by the USGS in the model produced many
realizations of hydrogeologic parameters, (e.g., hydraulic conductivity and effective porosity), and
is a reasonable and satisfactory approach for the purpose of the model.

Recommendations: With one exception, the members of the TWG agreed that additional tracer
tests are not recommended. The TWG recommended remodeling using a constrained Monte
Carlo approach for key model parameters such as hydraulic conductivity and effective porosity
and comparing the results of the remodeling effort to the existing USGS unconstrained Monte
Carlo approach in order to determine the best approach for defining the wellfield boundaries

Alternative Response (Dr. Fuentes)

Conducting field tracer tests in support of groundwater modeling, if justifiable, is an option. Field
tracer tests are generally expected to support modeling development and applications, particularly
in cases with insufficient or inadequate data, which does not seem to be the case of the USGS
modeling herein referred to. The main purpose of field tracer tests is to increase the confidence
in modeling results; nevertheless, tracer tests may also be called in into question, for instance,
due to their commonly smaller scale than the prototype space to be modeled, especially for their
limited level of representativeness when aquifer characteristics and processes present significant
spatial variability.
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Differing Recommendation: (Dr. Fuentes)

Miami-Dade County DRER should further evaluate both the available information from previous
field tracer studies that were conducted within the domain of the well field protection area and
then weigh the potential benefit of added knowledge from new tracer tests that could raise its
confidence in any future modeling. If DRER concludes that new field tracer tests would
meaningfully raise its confidence in the results of future modeling, the selection of tests, number
of them and their specific objectives should be determined in terms of scale, methodology,
selection of tracer(s), expected outcomes, and inherent uncertainty.
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Comment 2: Account for the dispersive transport mechanism.

Response: The TWG recognizes the importance of incorporating the dispersive transport
mechanism into the USGS model. However, it is not possible to incorporate such effects
accurately without resorting to a model, which uses a detailed representation of subsurface
heterogeneity. Also, identifying dispersivity parameter values poses a significant challenge
because it is extremely difficult to measure the dispersivity in the field for large sites like NWWF
and WWF. Given the limited availability of dispersivity data specific to these wellfield areas,
incorporating this mechanism in the USGS model may further increase uncertainty in the model’'s
predictions. The use of the Monte Carlo approach for simulating hydraulic conductivity fields and
effective porosity indirectly accounts for the effects of dispersivity. The Monte Carlo approach is
the long-established method for defining the uncertain parameter values in groundwater models.
The U.S. Environmental Protection Agency (U.S. EPA) commonly uses this approach for
evaluating uncertainty into delineating the wellhead protection areas (WHA).

Recommendations: The members of the TWG agree that the current modeling approach does
not explicitly account for dispersion. However, all the members except one, were of the opinion
that advective transport modeling with or without the Monte Carlo simulations is an acceptable
practice for WPA and is adequate for this modeling effort.

Differing Response (Dr. Fuentes)

The MODFLOW-MODPATH code package that USGS used in its modeling is based on governing
equations that do not mathematically account for hydrodynamic dispersion; as a result, USGS
chose “advection” as the controlling physical process of flow. If dispersion was to be accounted
for, the source codes of the above package would have to be modified, unless a different code
(or code package) was identified to be an acceptable alternative to simultaneously simulate
advection and dispersion. An example of an alternative code is MT3D-USGS, which can
deterministically quantify advection and hydrodynamic dispersion. MT3D-USGS accommodates
flow input from MODFOW and can simulate the flow and transport of non-reactive and reactive
solutes; other codes are also available. The application of a suitable code (i.e., a computational
tool) could be cost effective in assessing the role of dispersion while providing a basis to assess
the effectiveness of travel time contours estimated by the “advection-controlled” USGS modeling.
It is important to keep in mind that the successful use of a code is conditional to, at least, the
availability of good data and an acceptable calibration. As in the case of any modeling effort, the
uncertainty of any predictions should also be quantitatively estimated to best frame modeling
results for decision-making.

Differing Recommendation: (Dr. Fuentes)

Miami-Dade County DRER should further evaluate the benefits gained from expanding modeling
to account for the role of hydrodynamic dispersion in the determination of travel time contours.
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Comment 3: Quantify the uncertainty of the residence time in the quarry lakes.

Response: The mean hydraulic residence time used by the USGS to simulate patrticle
movement through lakes does not adequately capture the complexity and the random nature of
water particle movement through the quarry lakes. Accounting for complex flow dynamics and
mixing behavior is essential for accurately modeling particle travel time through the lakes.

Prior to resigning as a member of the TWG, Dr. Chin provided comments on the limitations of
the USGS approach, and recommended an alternate approach to calculating the travel time
through lakes. The comments are provided in Attachment B.

Unanimous Recommendation: The TWG recognizes that the USGS model does not
adequately address particle movement through lakes, and therefore recommends the County

investigate further refinements to the approach.
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Comment 4: Use maximum withdrawal rates to delineate respective wellfield.

Response: Miami Dade County’s policy is to develop wellfield protection areas based on installed
capacity. This approach provides the County the flexibility to optimize wellfield operations
efficiently. The County’s use of installed capacity to define wellfield protection areas also protects
the wellfields for long term planning. Miami-Dade Water and Sewer Department’s (WASD)
prepares and updates a 20-Year Water Supply Facilities Work Plan as required by Section
163.3177(6)(c)3 of the Florida Statutes, which utilizes wellfield and plant installed capacities to
meet future water demands.

The wellfield protection areas (WPASs) are designed to protect the drinking water resources of
Miami-Dade County based on the current and future water demands of its residents. The
current USGS groundwater modeling approach for the re-establishment of the WPAs (i.e.
West Wellfield (WWF) and Northwest Wellfield (NWWF)) utilizes the installed capacity of the
existing infrastructure, as opposed to the current permitted groundwater withdrawal limitation
of the wellfield authorized by the South Florida Water Management District Water Use Permit
13-00017-W (25 MGD vs. 15 MGD for the WWF and 225 MGD vs. 97 MGD for the NWWF).
Utilizing the above approach accounts for the following:

1. The groundwater withdrawal rate is defined in the water use permit and is based on the
future water supply needs of Miami-Dade County; additional flow allocations from the
wellfields may be requested.

2. In the event that a wellfield in the County is partially or completely shut down (i.e.
contamination issues, infrastructure problems, etc.), the withdrawal from other wellfields
will be temporarily increased (after a special request is submitted and approved by the
South Florida Water Management District) to make up the difference in the water supply
demand as the issue is addressed.

3. The threat of saltwater intrusion and sea level rise to the County’s water supply,
particularly for the wellfields located in the eastern portions of the county, such as the
Alexander Orr complex, requires the flexibility to increase the groundwater withdrawal rate
in any of the wellfields in the event of a partial or complete shutdown. Saltwater intrusion
within a wellfield protection area will result in a permanent shutdown of affected production
wells. As a consequence, the deficit in the drinking water supply would require an increase
in the current groundwater withdrawal of one or more of the other County’s wellfields.

Therefore, the WPAs are defined based on the installed capacity of the existing infrastructure
to ensure the current and future drinking water demands of Miami-Dade County’s residents
are met.

Unanimous Recommendation: The TWG recommends that the simulations for the development
of well-field protection areas should use installed capacity of the production wells and
infrastructure, as is used in the USGS model.
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Comment 5: The report was not subjected to the necessary and appropriate levels of
review. The USGS report is an open-file report, indicating that it did not go through the
highest level of review associated with USGS reports. The County should use reports
subject to the highest level of review in making significant decisions related to the region’s
water supply.

Response: The TWG concludes that the USGS report was subjected to the necessary and
appropriate levels of review. USGS Open File reports receive the same level of technical review
as any other USGS interpretive product, for example Scientific Investigation reports, Professional
Papers, or Scientific Investigation Maps, and complies with all USGS Fundamental Science
Practices (https://www?2.usgs.gov/fsp/). These include at least two technical peer reviews (the
USGS report under consideration herein had three technical peer reviews), as well as several
levels of supervisory and technical expert reviews and approvals, and ultimate Bureau Approval
by the Bureau Approving Official. USGS Specific Review processes are described and available
for review at: https://www?2.usgs.gov/usgs-manual/500/502-4.html.

The primary difference between an Open File report and any other USGS interpretive reports is
the editorial standards. To publish a report as an Open File Report instead of a Scientific
Investigation Report requires one of several specific justifications. In the case of the 2013 USGS
report under consideration, the report was released as an Open File report to avoid delays based
on report layout and map and illustration formatting.

Unanimous Recommendation: The TWG concludes that the report and model has been
appropriately peer reviewed. The TWG recommends that any additional modeling efforts be
subject to an appropriate level of peer review.
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Comment 6: The MODFLOW model does not indicate the ultimate source of the water
coming into the west wellfield. Because it creates an artificial western boundary in its
model, the USGS model does not answer questions about the water that will be pulled into
the wellfields, nor about the potential impacts to Everglades National Park.

Response: The MODFLOW model has a 2-D representation (one layer vertically) and it was not
intended to determine potential underflow in the western boundary canals, and was not designed
to distinguish canal-underflow seepage between the wellfields and Everglades National Park
(ENP). ENP and the contributing water conservation areas to the west of the wellfields already
have a high level of protection.

This modeling is one part of a wellfield protection program that is focused on protecting the public
water supply from sources of contamination. The modeling component is intended to identify
those properties that have the potential to contribute groundwater to the public water supply so
that appropriate restrictions can be placed on the use and storage of hazardous chemicals at
those properties. Given that Everglades National Park is upstream from the West Wellfield, it is
likely that water from the Park eventually is captured by the wellfield. However, ENP is managed
as a natural area with no development and no use or storage of materials that could cause
contamination to the aquifer. Therefore, ENP is not a concern in regards to drinking water quality
and wellfield protection.

In regards to water use, the impact of the wellfield to Everglades National Park has been a
concern since planning for the wellfield began in the 1980s. The planning culminated in an
agreement between relevant state agencies including Miami Dade WASD, FDEP, and SFWMD,
and the National Park Service known as the “Four Party Agreement’. This is a 50-year
agreement that expires in 2044 and limits the pumping rate to no more than 40 MGD at the West
Wellfield. MDWASD has funded a monitoring program, operated by the USGS, in accordance
with the Four Party Agreement since the 1992 that includes flow monitoring on the L31N canal
as well as water level monitoring in and around the wellfield. The West Wellfield has an installed
capacity of 25 MGD and has been operational since 1997. To date, adverse impacts have not
been measured in Everglades National Park. If adverse impacts are measured in the L31N or
ENP, the Four Party Agreement includes a process to address the issue.

Unanimous Recommendation: The TWG recognizes that ENP is a potential source of water,
but not a potential source of contamination for public water supply in the West Wellfield. Impacts
to the ENP are beyond the scope of the wellfield protection program, however, there is a separate
process identified in the Four Party Agreement, as described above, which addresses water
guantity issues related to the ENP. The TWG believes the boundaries are appropriately
represented and accounted for in the USGS model.
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Comment 7: MODFLOW is too simplified to assess flows in this area. Renken et al. (2008)
states that given the complexity of water flow through karstic aquifers, water resources
management “cannot be undertaken using simplified conceptual models of groundwater
flow regimes based on estimates of bulk hydraulic properties.

Response: The TWG acknowledges that the aquifer hydrogeology is unique and complex, and
MODFLOW has been questioned as to the adequacy of simulating groundwater flows using the
modeling principles in MODFLOW. However, the MODFLOW is suitable for the analysis, and has
been used successfully in South Florida for decades by all federal, state and local agencies, as
well as stakeholders, and it is an accepted tool for planning purposes. MODFLOW is a state-of-
the-art model, which is well-founded on sound governing equations and widely accepted by the
scientific and regulatory communities, as long as it is used within its limitations (as is the case
with any other model). Other operational tools which are uniquely different from MODFLOW are
not available for this region.

Unanimous Recommendation: MODFLOW is suitable for the groundwater flow analysis for this
wellfield protection effort.
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Comment 8: Reductions in protections are tied to current pumping levels, without
adequate safeguards being in place to assure that pumping from the West Wellfield does
not increase.

Response: For the West Wellfield, delineation for wellfield protection is based on installed
capacity of 25 mgd. Water use is regulated through the South Florida Water Management District
(SFWMD) Water Use Permit (WUP) 13-00017-W, not through the WPA ordinance. Any future
increases to WWF pumpage would need to be permitted through the SFWMD. As a part of any
such request for increase, Miami-Dade Water and Sewer Department (WASD) would be required
to demonstrate no impacts per the SFWMD Applicants Handbook for Water Use Permit
Applications Section 3.3. In addition, the County would also be required to obtain agreement in
accordance with the Memorandum of Understanding dated October 26, 1994, (Attachment C)
between the U.S. Department of Interior, the Governor of the State of Florida, the SFWMD, and
Metropolitan Dade County (now Miami-Dade County).

Unanimous Recommendation: The TWG concludes that this comment is appropriately
addressed in the modeling effort. In the event more pumpage is permitted at the WWF above 25
MGD, the WPA would need to be reviewed and updated if necessary at that point. Please also
see the response to Comment 4.
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Comment 9: The County has insufficiently analyzed the ways in which climate change may
affect wellfield use throughout the County.

Response: This is outside the scope of work of this Technical Working Group, however, Miami-
Dade Water and Sewer Department’s (WASD) prepares a 20-Year Water Supply Facilities Work
Plan as required by Section 163.3177(6)(c)3 of the Florida Statutes. Under the statute, local
governments are required to update their Water Supply Facilities Work Plan (Work Plan) through
an amendment to their Comprehensive Development Master Plan (CDMP) at a minimum of every
five (5) years, and within 18 months of the South Florida Water Management District (SFWMD)
Governing Board’s adoption of the applicable Regional Water Supply Plan. The Work Plan
identifies alternative water supply projects, traditional water supply projects and conservation and
reuse measures necessary to meet projected water demand. WASD completed the 20-Year
Water Supply Facilities Work Plan (2014 —2033) in November 2014, and the Work Plan was
adopted by the Miami-Dade County Board of County Commissioners on February 4, 2015.
Through the CDMP process, the County’s Planning Section submitted the Work Plan to the
Florida Department of Economic Opportunity (DEQO). Link to the complete plan is: Water Supply
Facilities Work Plan - Miami-Dade County http://www.miamidade.gov/water/water-supply-
facilities-work-plan.asp.

WASD’s evaluation and planning for sea level rise and climate change is detailed over the
planning horizon in the Work Plan Section 6 (Attachment D). The primary concern to WASD
water supply is salt water intrusion into the freshwater Biscayne aquifer, the primary source of
drinking water in Miami-Dade County. Results of evaluation and data analysis completed to date
indicate that within the next thirty years, WASD will be able to operate its wellfields and water
treatment facilities as designed, as groundwater modeling indicates even with a high level of
projected sea level rise, the wellfields will not be impacted by salt water intrusion. Further
modeling is currently underway to extend the planning scenarios to Year 2075, and will include
climate change such as increases and decreases in annual precipitation, and extreme weather
events.

Unanimous Recommendation: This is outside the scope of work of this Technical Working
Group, however, the TWG concludes that the County is currently analyzing impacts to water
resources as a result of climate change and sea level rise adequately. Please see response to
Comment 4 also.
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Comment 10: Travel times should be used to calculate distance between potential sources
of pollution and any potable water supply — 100 feet is not sufficiently protective of water

supply.

Response: This is outside the scope of work of this Technical Working Group.

Staff Response: The minimum separation provided in Section 24-43(4)(a) is specific to the
minimum distance between an on-site sewage treatment and disposal system and a private (non-
utility) source of potable water (e.g. a private well) and is consistent with and a bit more
conservative than the minimum separation provided for in 62-532 Florida Administrative Code
(FAC) and 64E-6 FAC which requires a 75 foot separation. Miami-Dade County’s policy is that
requiring a private entity (in the case of a WPA the most common situation would be a private
residence) to perform modeling to determine travel time for locations served by an onsite potable
water source and on on-site sewerage treatment would represent on unreasonable burden.

Section 24-43(5)(a) is an additional condition to Section 24-43(5)(b) through 24-43(5)(f) and
merely adds another level of protection for already allowable land uses. The introduction of “and
not less than 10 days travel time”language as suggested by the stakeholder would be inconsistent
and confusing at a minimum.
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Comment 11: Hazardous materials should be more limited in wellfield protection zones,
and enforcement should be prioritized.

Response: This is outside the scope of work of this Technical Working Group.
Staff Response:

The hazardous material prohibitions and the land use provisions in the Wellfield Protection
Section of the Code are designed to progressively limit the use, storage , generation and handling
of hazardous material so that the restrictions are more stringent at shorter travel time distances
from the production wells. As such, with very specific exceptions (e.g. de minimis quantities of
hazardous material, personal care products, etc.) hazardous material is prohibited with the 210
day travel time distance from the production wells. For the Miami-Dade County Wellfields this
provides a distance of over 500 feet in the case of the smaller wellfield protection areas in the
southern reaches of Miami-Dade County to over 6,000 feet for the Northwest Wellfield.

Compliance with the land use restriction and hazardous waste prohibitions is accomplished via
county permits and regular permit inspections.

The proposed modification of the wellfield protection ordinance which would relax the restrictions
against small quantity generators of hazardous waste outside the basic wellfield protection area
of the West Wellfield WPA (for areas within the UDB) recognizes that the eastern portion of the
West Wellfield (the area outside the basic) is urbanized; therefore, allowing small quantity
generators of hazardous waste in these areas provides consistency with the other urban
wellfields. Additionally, consistent with the land use restrictions in the un-urbanized Northwest
Wellfield, hazardous waste would continue to be prohibited in the areas of the West Wellfield
areas outside the UDB.
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Comment 12: Proposed land uses designated “compatible” with wellfield protection
should be reconsidered

Response: This is outside the scope of work of this Technical Working Group.

Staff Response: Notwithstanding the land use categories provided in Section 24-43(10) the
Director’s approval is required for any land use within the Northwest Wellfield or West Wellfield.
Therefore, if the assumption of no hazardous material use, generation, handling, etc., is not valid
in an individual situation the Director has the authority to prohibit the land use under the other
sections of the Code.
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Comment 13: The potential consequences from predictable land use changes in or near
the West Wellfield must be considered.

Response: The USGS used a 1999 aerial photograph to determine the outlines of the lakes
during the timeframe of the transient model, as lake images were collected near the middle of the
1996 — 2004 simulation period. The steady-state scenario utilized a newer shapefile developed
from 2004 aerial photography. The USGS also ran a scenario utilizing the proposed lake
expansion as outlined in the Lake Belt Phase Il Plan.

Unanimous Recommendation: The TWG concludes that the modeling based on the above is
appropriate and should utilize the proposed lake expansion as outlined in the Lake Belt Phase Il
Plan in future modeling efforts.
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Comment 14a;: USGS delineation of travel-time contours in NWWF and WWF
Response

The previously provided responses specifically, Responses 2, 3, 4 and 7, partially addresses this
comment. In addition, the use of the 0.25-foot drawdown, in the case of the Northwest Wellfield,
and the 0.1-foot drawdown in the case of the West Wellfield for wellfield protection area
delineation is consistent with and recognized as appropriate threshold values to establish
drawdowns pursuant to the EPA 1987 “Guidelines for Delineating a Wellfield Protection Area”

Comment 14b: USGS Model use of “average” effective porosity

Response: Please refer to Comments 1 and 2. In addition the following was provided by the
USGS in response to the stakeholder's comment.

Limited observations of total porosity (tp) in the Biscayne aquifer indicate a wide range of values
and significant spatial variability. Effective porosity (ep) is the fraction of tp through which most
water and transported constituents flow through the aquifer; ep is thus smaller than tp. As a
result of the lack of detailed data, there is considerable uncertainty in values and spatial
distribution of ep at the field scale. In such situations, it is standard practice to use an average
value for the parameter. This is consistent with the principle of parsimony (simplest approach)
which requires the model to use the approach that introduces the least uncertainty into the
model necessary while maintaining the modeling objectives.
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Clean Water Action * Everglades Law Center
Florida Wildlife Federation ® National Parks Conservation Association
Sierra Club Miami Group ® Tropical Audubon Society

June 30,2014

Lee Hefty
Miami-Dade County Division of Environmental Resources Management
Sent via email: Heftyl. @miamidade.gov

Dear Mr. Hefty,

We write on behalf of the undersigned organizations to address the county’s proposed
Wellfield Protection Amendment Ordinance. We support the proposed ordinance’s new
language to address hazardous materials in the wellfield protection area and in increasing
some of the travel times for areas in the Northwest Wellfield. However, we also have
serious concerns with the proposed ordinance amending sections 24-5 and 24-43 of the
Miami-Dade County Code, in particular plans to reduce the area protected for the
County’s West Wellfield. The proposed changes to the West Wellfield protection rules
would strip away significant protections for critical water supply for all County residents,
exposing the public to increased risk of health threats and additional future remediation
costs.

Three significant issues undermine the proposal to reduce the scope of wellfield
protections:

*  While we appreciate the work done to begin to incorporate our understanding
about travel times in the aquifer in this region, the model still makes assumptions
that likely understate travel times. In particular, in the West Wellfield, where no
tracer studies have been conducted, tracer tests should be conducted before any
protections are reduced. Using models to predict travel times is complicated in
karst aquifers and depends on accurate data and model calibration.

* Reductions in protections are mainly tied to current pumping levels, without
adequate safeguards being in place to assure that pumping from the West
Wellfield does not increase.

* There is insufficient analysis of the ways in which climate change may affect
wellfield use throughout the County.

In addition to concerns about shrinking the protection zones, we also have concerns about
proposed changes (hazardous materials limitations and appropriate land uses) to specific
protections that apply within the wellfield protection zones.

Once wellfield protections are removed, land uses will likely change, precluding any
changes back if the models and the projections they produce are incorrect. The current



CDMP highlights the importance of our wellfields, and the need for land uses to be
compatible with their protection:

“Land uses and activities near and upgradient from wellfields directly impact the quality
of water ultimately withdrawn from the wells....[T]he County restricts land use within
portions of cones of influence of all public water supply wellfields to minimize the threat
of water pollution. Moreover, newly constructed and future regional wellfields warrant
greater and more extensive protection for two reasons. First, the opportunity still exists to
maintain pristine water quality around the new and future wellfields because the land
within the full extent of their cones of influence is largely undeveloped. Secondly, if
these become contaminated there are no alternative sites for the construction of
comparable high-capacity wellfields.”"

Furthermore, the CDMP finds,

“It is reasonably safe to assume...that the areas least suitable for urban development
today will remain least suitable in the future. These areas include the remaining high-
quality coastal and Everglades wetland areas in the County, the coastal high hazard areas,
and the Northwest Wellfield protection area.”

If the county wants to ensure that it is not precluding future protections for the wellfields,
additional studies are needed before these changes are finalized.

The study still makes assumptions that likely understate travel times. In
particular, in the West Wellfield, where no tracer studies have been
conducted, tracer tests should be conducted before any protections are
reduced. Using models to predict travel times is complicated in karst
aquifers and depends on accurate data and model calibration.

Actual travel time data exists in the vicinity of the Northwest Wellfield from tracer tests
conducted by the USGS in 1998, 1999, and 2003.> Those studies showed that water and
contaminants can travel much more quickly than scientists and managers predict based on
models. Red dye was injected into a test well in 2003 that was expected to trickle into the
county’s production wells over two or three days. Instead, it made it into the wells in 6
hours, turning tap water pink and red.* At the time, the USGS recognized the import of
that study: “The highly porous nature of the Biscayne aquifer presents significant water-
management implications, especially as it relates to the inadvertent release of

1 Miami-Dade County Comprehensive Development Master Plan at [-77.

2]d. at1-79.

3 SS Papadopulos, “Evaluation of Tracer Tests Conducted at the Northwest Wellfield, Miami-Dade
County, Florida, February 5, 2004, attached as Exhibit 1.

4 See Miami Herald, Curtis Morgan, “Studies: Mining expansion poses water big risk,” August 31, 2008,
attached as Exhibit 2, and Miami New Times, Steven Dudley, “Beneath the Pink Underwear” June 5,
2003, attached as Exhibit 3.



contaminants within or immediately outside the well field protection area.”

A scientist with decades of experience assessing aquifer transport properties, Dr. Stavros
Papadopulos, used the results of those tests to revisit the Northwest Wellfield protection
area and concluded that travel time protections should be significantly larger than either
the current or the proposed zones.® Dr. Papadopulos concluded that if travel-time based
setbacks were going to be used to protect public water supplies in this area (with
documented well connected, karstic flow zones), then additional tests should be
conducted in the area to assess the transport properties of the aquifer. In the absence of
such tests, wellfield setbacks should be based on the tests and data collected to-date — the
extensive protection zones he set out in his report.’

Since the main objective of the model was to determine travel times, the model should
have been calibrated based on travel times determined through tracer studies rather than
observed groundwater levels. The USGS MODFLOW model utilized by the County
incorporated the 2003 tracer tests of the Northwest Wellfield into the effective porosity
parameter; however, with this method of calibration, potential errors in water levels
would lead to greater errors in travel times. Moreover the inherent heterogeneity and
anisotropy of the aquifer is not taken into account. No tracer studies have been conducted
for the West Wellfield and should be obtained in order to make informed decisions of
travel time in that area

In addition:

* The report was not subjected to the necessary and appropriate levels of
review. The USGS report is an open-file report, indicating that it did not go
through the highest level of review associated with USGS reports. The County
should use reports subject to the highest level of review in making significant
decisions related to the region’s water supply.

*  The MODFOW model does not indicate the ultimate source of the water
coming into the West Wellfield. Because it creates an artificial western
boundary in its model, the USGS model does not answer questions about the
water that will be pulled into the wellfields, nor about the potential impacts to
Everglades National Park .

* MODFLOW is too simplified to assess flows in this area. Renken et al. (2008)
states that given the complexity of water flow through karstic aquifers, water
resources management “cannot be undertaken using simplified conceptual models
of groundwater flow regimes based on estimates of bulk hydraulic properties.”

5 USGS, USDOI News Release, “Water Supply at Greater Risk than Expected”, August 27, 2008,
attached as Exhibit 4.

6 Exhibit 1: Figs. 3a, 3b, 4a, 4b.

71d.

8 To better understand the flows from the western side of the West Wellfield protection area, we
recommend the County use a tracer study. By conducting a tracer test near the L-31 N canal, similar
to the Northwest Wellfield red dye study from 2003, the County could accurately track what water
will travel to the wellfield, and how quickly it will get there.

9 Renken, R. A, Cunningham, K. ]., Shapiro, A. M., Harvey, R. W,, Zygnerski, M. R., Metge, D. W., &
Wacker, M. A. (2008). Pathogen and chemical transport in the karst limestone of the Biscayne



If Miami-Dade County seeks to use travel time zones to protect its public water supply, it
must base those zones on real data, not modeling assumptions that oversimplify the
available data. The USGS report does not appropriately use the data it has, does not
reflect efforts to obtain additional needed data, and should not be the basis of wellfield
protection zone revisions that increase risks (both health risks and the risks of increased
remediation costs) to the public.

Reductions in protections are tied to current pumping levels, without
adequate safeguards being in place to assure that pumping from the West
Wellfield does not increase.

Although the County contends that a reduction in the protection zone is appropriate based
on how much pumping is expected out of the West Wellfield — which it puts at ISMGD —
there is little support that pumping will, in fact, remain limited. Permits can change when
modified or renewed, and current rules that purport to “cap” water use at existing levels
allow for exceptions, including where a user proposes “offsets” to ensure sufficient
Everglades protection. To similar effect, an intergovernmental agreement designed to
protect Everglades National can be modified if the parties agree.'” None of these rules or
agreements provides long-term assurance that additional pumping — up to the wellfield’s
true capacity of 140MGD — will not occur in accordance with existing permits and
regulations.

To claim that reduced protections are appropriate based on the amount of pumping
possible at the West Wellfield, the County must provide additional assurances that
pumping will continue to be limited as a matter of law, not simply because of an agency’s
discretionary choices. The County is proposing to eliminate a significant amount of
protected area east of the L-31N of the West Wellfield protection area. Once the
protections are eliminated, land uses are likely to change in ways that are incompatible
with water supply protection and increase the risk of future conflicts over how to provide
and protect the public’s water supply.

The County has insufficiently analyzed the ways in which climate change
may affect wellfield use throughout the County.

Climate change may affect Miami-Dade County’s water supply in direct and indirect
ways; the decision to reduce the West Wellfield protection was done without real
attention to these overarching threats to water supply.

Eastern wellfields in the County may become less available as a result of salt water
intrusion due to climate change. Miami-Dade County’s Water and Sewer Department

aquifer: 1. Revised conceptualization of groundwater flow. Water Resources Research, 44(8).
doi:10.1029/2007WR006058. Attached as Exhibit 5.
10]d. atp. 9.



(WASD) has only modeled the impacts of salt water intrusion through the current permit
timeframe of 2040, and yet county departments have generally recognized that two feet
of sea level rise is likely to occur in Miami-Dade County by 2060,'" and WASD is urging
further study on the degree of salt water intrusion corresponding to 1 foot of sea level
rise.”” Additional salt water intrusion could complicate plans for meeting Miami-Dade
County’s water supply demands, and reduction in wellfield protection zones should only
be made with additional information about those impacts.

To similar effect, the high-energy demands (and greenhouse gas emissions) of reverse
osmosis — a technology the County considers an option in the event of increased salt
water intrusion — may raise red flags as Miami-Dade County attempts to grapple with the
effects of climate change. Growing consensus about the need to reduce greenhouse gas
emissions may mean the environmental costs associated with increased use of an energy-
intensive water treatment option like reverse osmosis makes it more costly and difficult
to permit.

Given the likely permanent effects of reduced wellfield protections (additional, deep rock
mining pits), decisions about whether and how to reduce protections around the West
Wellfield to reflect current use levels should reflect a long-term understanding of water
supply needs and available resources, and the way in which needs and resources may
change in light of climate change.

Travel times should be used to calculate distance between potential sources
of pollution and any potable water supply — 100 feet is not sufficiently
protective of water supply.

In two places in the proposed ordinance the language sets a minimum distance of 100 feet
between potential sources of contamination, septic tanks and septic drain fields and
potable water supply wells.”” This measurement is grossly inadequate to protect potable
water supply wells in Miami-Dade County. Miami-Dade County’s Department of
Environment and Resource Management staff indicated that this measurement was based
on Palm Beach County regulations. Palm Beach County, however, is not dependent on
the Biscayne Aquifer and the geology and hydraulic conductivity in that area is distinct
from that of Miami-Dade County. Therefore, the application of the 100 foot rule from
Palm Beach County is not appropriate for Miami-Dade County. This 100 foot rule
would replace a requirement that septic tanks and septic drain fields be at least 10 days
travel time from any potable supply well. This proposed change is significantly less
protective of nonutility supply wells. The 100 foot rule as it applies to utility and
nonutility potable supply wells does not effectively protect the water supply from
contamination.

11 The Miami-Dade County Sea Level Rise Task Force held significant discussion on predicted level of
rise throughout a series of meetings including representatives from county departments.

12 Discussion item for Sea Level Rise Task Force from Virginia Walsh, P.G., Ph.D., May 9, 2014,
attached as Exhibit 6.

13 See proposed ordinance lines 242 - 249 and lines 656 to 665.



In fact, hydraulic conductivity in the uppermost formation in western Miami-Dade
County averages 40,000 feet per day,"* with values not uncommonly orders of magnitude
greater. With the upper formation of the Biscayne aquifer in western Miami-Dade
County being such a transmissive aquifer, there might be areas where travel time over
100 feet would take less than 10 days, perhaps even hours. It therefore does not protect
the water supply to set requirements based on feet between the potential source of
contamination and a potable supply well. Even if a distance were used as opposed to a
travel time, 100 feet is an inadequate distance to require between any potential source of
contamination and a potable water supply in the Biscayne Aquifer.

We suggest that section 24-43(4) change the 100 feet requirement to 10 days travel time,

so that it reads:
The Director or the Director’s designee shall issue written approval only if the
Director or the Director’s designee finds that all onsite sewage treatment and
disposal systems, storm water disposal methods and liquid waste storage, disposal
or treatment methods will be installed upon the property as far away as is
reasonably possible, but not less than >>10 days travel time<< from all potable
supply wells, and: ...

Section 24-43(4), lines 242-249.

Section 24-43(5)(a) should be changed to read:
(a) All potential sources of pollution will be installed upon the property as far
away as is reasonably possible >>and not less than 10 days travel time<< from
all potable water supply wells;

Hazardous materials should be more limited in wellfield protection zones,
and enforcement should be prioritized.

The regulations of hazardous materials of section (5) include many measures that are
appropriate to safely regulate activities within wellfield protection areas. However, we
would like additional information regarding how this will be enforced. Enforcement
provisions should be added to this section, and enforcement should be given priority
within wellfield protection areas.

The proposed ordinance would allow “small quantity generators of hazardous waste...
within that portion of the West Wellfield protection area which is outside the basic
wellfield protection area but within the Urban Development Boundary...”"> Why is this
special exception being made for the West Wellfield? Generation of hazardous waste
within a wellfield protection area, even in small quantities, poses a threat to the water
supply. We recommend removing this exception.

14 See http://sofia.usgs.gov/publications/wri/90-4108 /wdade.html
15 Draft ordinance, lines 710-729.




The water pollution prevention and abatement measures required for rock mining should
be adjusted.'® Although any entity storing hazardous materials that is not a rock mining
operation can only store an aggregate of 55 gallons of hazardous materials,'” hazardous
materials related to rock mining could be stored in infinite amounts, as long as secondary
containment is used." This should be changed to provide that no more than an aggregate
of 55 gallons of hazardous materials are allowed to be stored within a wellfield protection
area and that any and all hazardous materials must be stored in secondary containment.

Section (5)(b) provides for circumstances when hazardous materials may be allowed
within a building."” Building should be defined for this section so that protective
containment of such materials is assured.

Proposed land uses designated ‘“‘compatible” with wellfield protection should
be reconsidered.

The proposed ordinance includes several categories of land use that the Director or
Director’s designee shall consider as compatible with wellfield protection, including
agricultural use, dry manufacturing and garment manufacturing (no dyes). We are
concerned that these uses may result in contamination of the wellfield.

Dry manufacturing may involve the use of materials that if spilled onto the ground could
be transported by rainwater and contaminate the wellfield. To that extent we question
whether it is appropriate to allow any type of manufacturing within the wellfield
protection area. To the extent dry manufacturing is allowed, it should be limited to
manufacturing activities that do not involve the use of potential wellfield contaminants or
hazardous materials.

Garment manufacturing that does not include the use of dyes may nonetheless include the
use of potential wellfield contaminants or hazardous materials, in which case garment
manufacturing should be omitted.

Agricultural use includes application of pesticides, which could contaminate wellfield
sites. Florida Statute section 163.3162(3)(e) provides that counties may regulate farming
activity within a wellfield area to the extent the “implemented best management practice,
regulation, or interim measure does not specifically address wellfield protection.” Other
counties in Florida like Alachua County require best management practices in their
wellfield protection ordinance.”'

16 Id. at lines 753-775

17 1d. at lines 663-676.

18 Id. at lines 760-761.

19 /d. at lines 689-708

20 F], Stat. 163.3162(3)(e)
21http://www.alachuacounty.us/Depts/EPD/WaterResources/CodesAndCompliance/Documents/M
urphree%20Code.pdf



We recommend that the ordinance add language requiring that agricultural uses within
the wellfield protection area follow best management practices as defined by the latest
version of the Florida Department of Agriculture and Consumer Services and Florida
Department of Environmental Protection Best Management Practices. To the extent that
such Best Management Practices do not specifically address wellfield protection, Miami-
Dade County should regulate farming activity to the extent necessary for the protection of
the potable water supply.

The potential consequences from predictable land use changes in or near the
West Wellfield must be considered.

It is widely acknowledged that if the West Wellfield Protection Area decreases,
additional land uses, including rock mining and even a wastewater treatment plant,
among other uses, may likely occur. These land uses pose significant contamination risks
that are highly problematic in such close proximity to our wellfields.

This is one of the water supply for Miami-Dade county residents. The consequences of
getting this outcome wrong are enormous. Yet, the current reassessment of the wellfield
protection areas fails to consider these additional contamination risks posed by new land
uses. For example, the USGS MODFLOW model shows that with expansion of mining,
the wellfields preferentially pull water from mining pits, from which the USGS report
contends “it is possible that contamination could reach the well fields quickly, within 10
days in some cases.” Renken et al. (2005) conclude from the 2003 tracer tests that
“demonstrated potential contamination risks in the Northwest well field that are far
greater than previously considered, indicating the need for reassessment of existing rock-
mine setback distances”**. The protection areas should take into account the implications
of additional rock mining, and other land uses that pose contamination risks, which poses
potential high risk to human health and safety.

Thank you for the opportunity to provide these comments, and your consideration.

Sincerely,

Kathy Aterno

Florida Director

Clean Water Action / Clean Water Fund
katerno@cleanwater.org

22 Renken, R. A, K. ]. Cunningham, M. R. Zygnerski, M. A. Wacker, A. M. Shapiro, R. W. Harvey, D. W.
Metge, C. L. Osborn, and J. N. Ryan (2005), Assessing the Vulnerability of a Municipal Well Field to
Contamination in a Karst Aquifer, Environ. Eng. Geosci., 11(4), 319-331, d0i:10.2113/11.4.319. See
Exhibit 4.
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Executive Summary

The Northwest Wellfield in Miami-Dade County, Florida consists of 15 wells supplying
the current demand of 150 million gallons per day and permitted © pump up to 225 millions
gallons per day, from the Biscayne Aquifer. The wellfield is located in an area where rock-
mining operations result in lakes that may be source of pathogens or of other contaminants
transported by surface water. To protect the wellfield from the potential migration of these
pathogens and/or contaminants, mining regulations based on traveltime distances to the
wellfield have been established. Mining is prohibited within a 30-day travel-time distance and is
subject to a depth restriction of 40 feet between the 30-day and 210-day travel-time distance; this
depth restriction is waived and mining below a depth of 40 feet is allowed if mining occurs
beyond the 60-day travel-time distance.

To provide better estimates of the rate at which pathogens and contaminants may migrate
in the aquifer several tracer tests were conducted near the wellfield in 1998, 1999, and 2003.
The 2003 test, conducted by the U. S. Geological Survey in cooperation with the Miami-Dade
Department of Environmental Resources Management and other local agencies, reflected a very
short travel-time in comparison to several of the earlier tests.

The Natural Resources Defense Council and the Sierra Club requested S. S. Papadopulos
& Associates, Inc. to evaluate the results of these tracer tests and assess their implication on
rock-mining setbacks. For a wellfield pumping at a given rate from an aquifer of a given
transmissivity and regional gradient, a critical parameter in determining the rate of migration of
a tracer, or contaminant, towards the wellfield is the product of the effective porosity and
thickness of the aquifer. The evaluation was, therefore, aimed at determining the value of this
product reflected by each of the tracer tests conducted near the wellfield.

The results of the evaluation indicate that the values of the porosity-thickness product
reflected by the tests ranges from 1.33 feet for the 2003 test to 10.3 feet for the 1999 test. (A low
value of this product implies a rapid rate of migration, and vice versa.) Of the two 1998 tests
that were also evaluated, the first had a low value of 1.37 feet, similar to that for the 2003 test,
and the second one a value of 7.32 feet. The results indicate that the porosity-thickness product
for the aquifer may be different at different locations and over different travel distances.

The porosity-thickness products determined from the evaluations were used to calculate
the maximum and minimum traveltime distances corresponding to current pumping rates and to
the full pumping capacity of the wellfield. At full capacity, the 30-day traveltime distance,
within which rock mining should be prohibited under the current regulations, ranges from 0.8
mile for the high porosity-thickness product determined from the 1999 test to about 3.5 miles for
the low porosity-thickness product determined from the 2003 test; the corresponding range of the
60-day traveltime distance, beyond which there are no restrictions to the mining depth, is 1.4 to
more than 5 miles. The setback requirement for rock-mining permits issued in 2002 is
approximately 0.5 mile, less than even the 0.8 mile distance to the 30-day travel-time boundary

ES-1
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and significantly less than the 1.4 mile distance to the 60-day travel time boundary calculated
using the highest porosity-thickness product determined from the evaluation of the tracer tests.

The similar porosity thickness products reflected by the 2003 and the first 1998 test are
indicative of a good hydraulic connection through karstic flow zones in the area between
production wells PW-8 and PW-9; studies by the U.S. Geological Survey indicate that these
karstic zones extend at least one mile west of the wellfield. Thus, the results of the 2003 and the
first 1998 tests may be representative of conditions in areas west of the wellfield. If that is the
case, then some of the permitted and most of the proposed rock-mining areas are within distances
with less than 30-day and 60-day travel times to the wellfield (see Figure ES-1)" even under the
current pumping rates; mining operations in these areas should be prohibited or restricted under
the terms of the current regulations.

The tests conducted to date were located either east (downgradient) of the wellfield or
within the wellfield. The critical areas for mining operations are the areas to the west, north, and
south of the wellfield. If traveltime based mining setbacks are to be applied to these areas, then
data on the transport properties of the aquifer should be collected from tests conducted in these
areas. In absence of such tests, regulation of mining operations in the vicinity of the wellfield
should be based on the results of tests conducted to date, and mining should be prohibited or

restricted in areas where these results indicate potential travel times of less than 30 or 60 days to
the wellfield.

" The permitted and proposed lakes (rock-mining areas) shown in this figure represent conditions in 2000; certain
lakes designated as proposed have been permitted since 2000 (personal communication, staff of NRDC).

ES-2
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Figure ES-1
Comparison of Travel-Time Distances to Rock-Mining Areas
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Section 1
Introduction

The Northwest Wellfield (NWWF) in Miami-Dade County, Florida consists of 15 high-
capacity wells (see Figure 1) completed within the Biscayne Aquifer, a karstic limestone, which
is the major source of water supply in southeast Florida. The wellfield supplies the current
demand of 150 million gallons per day (MGD) [Miami-Dade County Department of
Environmental Resources Management (Miami-Dade DERM), 2000b], and is permitted to
produce at its design capacity of 225 MGD, or 15 MGD per well.

The Biscayne aquifer is also a source of limestone and the NWWF is within an area of
open-pit rock mining activities. After the mining of the limestone, the open pits fill with water
forming lakes that are hydraulically connected to the Biscayne Aquifer. Several such lakes exist
to the north and south of the NWWF. To protect the wellfield from potential contamination
associated with mining activities, setback regulations based on the travel time of groundwater to
the wellfield have been established. These regulations prohibit mining within the area of the
30-day travektime boundary (see Figure 1); within the area that lies between the 30-day and the
210-day traveltime boundaries, mining is restricted to a depth of 40 feet. This depth restriction
is waived if mining occurs outside an area corresponding to a 60-day travel time, however, the
60-day traveltime boundary has not been delineated by the regulatory agencies. Approximately
5,000 acres of proposed and permitted mining operations lie in the area east of the Dade-
Broward Levee (see Figure 1) and beyond the 60-day traveltime boundary for the wellfield as
extrapolated by mining company consultants.

In recent years, the Miami-Dade DERM and other local, state, and federal agencies have
been concerned that the lakes that form as a result of mining activities could become a source of
pathogens, particularly Cryptosporidium and Giardia, and of other contaminants that may enter
the lakes from fowl and wildlife wastes, or by surface water transport, and then migrate from the
lakes to the wellfield. A series of dye tracer tests were conducted in 1998, 1999, and 2003 to
determine the transport properties of the aquifer in the vicinity of the NWWEF. Additional tests,
using polystyrene microspheres of a diameter comparable to that of Cryptosporidium oocysts,
are planned to assess colloidal transport of pathogens.

During the 1998 and 1999 dye tracer tests, the travel times between the dye injection
wells and the nearest production or monitoring wells (see Figure 2), at distances of 450 to about
900 feet, ranged from a few days to more than hundred days. The 2003 test was conducted by
the U. S. Geological Survey (USGS) in cooperation with Miami- Dade DERM and other local
agencies and partially funded by the American Water Works Association Research Foundation
(AwwaRF). The dye tracer was injected in a well 100 meters (330 feet) from production well
PW-9; the dye arrived to the production well within a few hours after the injection.
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The Natural Resources Defense Council (NRDC) and the Sierra Club engaged the
services of S. S. Papadopulos & Associates, Inc. (SSP&A) to review and evaluate the results of
the tracer tests conducted near the NWWF, and assess the implications of these results on
existing rock-mining regulations. The results of the evaluations conducted by SSP&A are
presented in this report. Section 2 of the report presents some theoretical concepts that need to
be considered in evaluating tracer test data; the section is aimed to the non-hydrologist who may
not be familiar with these concepts. Section 3 provides a brief description of the 1998, 1999, and
2003 tracer tests based on the information made available to SSP&A by NDRC and the Sierra
Club. The results of the evaluation of the tests and the calculation of travel-time distances based
on these results are presented in Section 4; a discussion of the results is also presented in this
section. Section 5 discusses the implications of the tests results on rock-mining setbacks and
recommends additional testing for delineating these setbacks in the areas currently permitted or
proposed for mining operations. References cited in the report are listed in Section 6.

The evaluations presented in this report were conducted by, or under the direct
supervision of, Stavros S. Papadopulos, Founder & Senior Principal of SSP&A.
Dr. Papadopulos’ resume is presented in Appendix A. Information on the tracer tests conducted
at the NWWF was included in electronic files and documents on four compact disks (CDs) and
other documents provided to SSP&A by NRDC and the Sierra Club. The contents of these four
CDs are listed in Appendix B. Also included in this appendix is a list of additional documents
provided to SSP&A in e-mails and/or by fax.
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Section 2
Theoretical Considerations

The hydraulic head h (water level) at a point (x, y) in the vicinity of a wellfield located in
an aquifer with uniform regional flow can be expressed with the following equation (see Tonkin
and Larson, 2002):

Ny

h=A+Lx+Ly- (40T 0 Qi {B - In[(x - x)* +(y - y)’I} (D

i=1

where A and B are constants, I, and I, are the components of the regional hydraulic gradient that
would prevail in the area of the wellfield under non-pumping conditions, T is the transmissivity
of the aquifer, Ny, is the number of wells in the wellfield , Q; is the pumping rate of the j’th well,
and x; and y; are the location coordinates of the j’th well.

The first three terms of the equation represent the hydraulic head that would have
prevailed in the area of the wellfield under nonpumping conditions. The fourth term (the
summation term) represents the drawdown' induced by the pumping from the wellfield, based on
the Thiem (1906) equation or on the Cooper-Jacob (1946) approximation to the Theis (1935)
equation.

The velocity, v, of groundwater in the vicinity of the wellfield is:
v = { sz N VyZ} 12 (2)

where % and v, are the comporents of the velocity in the x and y direction. Based on Darcy’s
Law, these velocity components are given by:

vy = - (K/n) (0W/0x) 3)

vy = - (K/n) (9Wdy) “4)
where K and n are the hydraulic conductivity and porosity of the aquifer, respectively. Tests
conducted to determine the hydraulic properties of aquifers usually yield the value of
transmissivity, which is the product of hydraulic conductivity and aquifer thickness, b. The
velocity components, therefore, can be also expressed as:

vx = - (T/nb) (dh/0x) (5)

vy = - (T/nb) (hy). (6)

! Drawdown is the difference between the water level that would have prevailed under non-pumping conditions and
that which prevails under pumping conditions.
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The partial derivatives dhWox and oh/dy represent the hydraulic gradient components
under pumping conditions and can be obtained from equation 1. The resulting equations for the
velocity components are:

Nw
Ve = - [(Tfnb) + (12T 0b) I Qs { 6x = x)/[Cx - x)’ +(y - v’} (7)
-

Nw
vy = - [(Tly/nb) + (1/20nb) [ Qj { (v — yi)V/[(x — x)* + (y — y)*1}] (8)
j=1

The first term in these equations represents the increment of the velocity component due
to the regional groundwater flow; the second term represents the increment of the velocity
component induced by pumping from the wellfield. The tracer-test evaluations presented in this
report were based on these equations.

Several points pertinent to the evaluation of tracer tests can be made from these
equations. To simplify the discussion of these points, consider an aquifer with uniform flow in

the x-direction, that is I, = 0, and a wellfield with a single well pumping at a rate Q and located
at x = 0 and y = 0. Under these conditions equations 7 and 8 take this form:

Vi == {(Th/nb) +(Q/20nb) [ %/ (X +y")]} )

vy = - (Q/2Lnb) [ y/(X + y)] (10)

For regional flow in the xdirection, k is negative and thus the regional velocity increment in
equation 9 is positive; it will be denoted as we. Also the term (X + v?) is the square of the radial
distance r from the well to any point (x, y). Making these substitutions the velocity equations
become:

Vx = Vieg - (Q/200nb) (x/1%) (11)

vy = - (Q/2[Inb) (y/r). (12)

The velocity increments induced by pumping represent a radial velocity increment that can be
expressed as:

vi = {[- (Q20nb) ( x/ A)* +[- (Q/20nb) (v} * = (Q/20nb) (1/r) (13)
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First, note that the only aquifer property that controls this radial velocity increment is the
porosity-thickness product “nb.” Note also that the radial velocity increment is directly
proportional to the pumping rate, and inversely proportional to the porosity-thickness product
“nb” and to the radial distance from the wellfield; therefore, the magnitude of this increment
increases with the pumping rate but decreases with “nb” and the radial distance from the well.

Second, note that the sign of the velocity increment induced by pumping in equations 11
and 12 changes depending on whether x or y are larger or smaller that x; or y;, respectively. This
is expected since this increment is radial, towards the well which is pumping at x=0 and y= 0.
Thus, upgradient from the well (negative x) this increment is added to the regional velocity
increment Vi, and the total velocity towards the well is higher than the total velocity
downgradient from the well (positive x) where this increment is subtracted from ve. Therefore,
a tracer injected into the aquifer a given distance upgradient from the pumped well would reach
the well faster than a tracer injected at the same distance downgradient from the well.

Finally, note that downgradient from the well there is a point where the pumping-induced
velocity increment is equal to but opposite to the regional velocity increment; the velocity at this
point is, therefore, zero. This point lies at a distance:

x= Q20 nbveg = - Q20TI, (14)

and is called the “stagnation point.” The stagnation point forms the apex of a parabola that limits
the area within which all groundwater is flowing towards and is captured by the well?; outside
this “capture zone” limit, groundwater by-passes the well and continues to flow in the general
direction of the regional gradient. The velocities within the capture zone but near the stagnation
point are very small, and a tracer injected near the stagnation point would take a long time to
reach the well. Of course, tracers injected outside the capture zone, or contaminants from
sources outside the capture zone, would move in the general direction of regional flow and will
not reach the well.

% If the aquifer receives recharge within the capture zone of the well, either from infiltration or from leakage, then
the limits of the capture zone upgradient from the well begin approaching each other until they intersect and form a
closed capture zone encompassing an area whose product with the recharge rate equals the pumping rate of the well.
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Section 3
Description of the NWWF Tracer Tests

Brief descriptions of the tracer tests conducted at the NWWF in 1998, 1999, and 2003 are
presented below.

Four tracer tests (or trials) were conducted in 1998 (Miami- Dade DERM, 1999). During
the first test, 186 grams of red dye (Rhodamine WT) was introduced into the aquifer on January
28, 1998, through a shallow well located 450 feet to the east of PW-8 and about 950 feet to the
west of PWO9 (see Figure 2). The dye was first detected in well PW-8 after 1.3 days and
reached peak concentration after 1.9 days®. During the second test, conducted simultaneously
with the first test (January 28, 1998), and the third test (July 13, 1998), yellow dye (sodium-
fluoroscein), 302 and 1260 grams, respectively, was injected through well NWTR-7C (see
Figure 2) 1800 feet to the east of PW-9. The second test was abandoned after 78 days of
sampling with no detection of dye in well PW-9; the third test was also abandoned due to non
detection, but its duration prior to abandonment is not reported in the Miami-Dade DERM
(1999) report. During the fourth 1998 test, 1635 grams® of Rhodamine WT red dye was injected
on December 17, 1998 through well NWTR-1 870 feet to the east-southeast of PW-9 (see Figure
2). The dye was first detected in PW-9 after 5.3 days, and the concentration peaked 9.5 days®
after the injection.

The 1999 test (Miami-Dade DERM, 2000) consisted of injecting dyes through the well
pair NWTR-2A/2B, located 3040 feet to the east of PW-9 (see Figure 2). Fluorescein dye (30
pounds) was injected through well NWTR-2A, screened between a depth of 60 to 80 feet;
Rhodamine WT dye (10 pounds) was injected through well NWTR-2B, screened between a
depth of 40 to 50 feet. The dyes were injected on September 10, 1999. Dye concentrations were
monitored in well pairs NWTR-3A/3B, NWTR-4A/4B, and NWTR-7C/7D, and in production
well PW-9. The distance between the injection wells and monitoring well pairs NWTR-3A/3B,
NWTR-4A/4B, and NWTR-7C/7D is about 530, 710, and 1230 feet, respectively. The travel
time to these monitoring wells was more than hundred days and the dyes were not detected in the
production well PW-9. The time from injection to the first detection and to the occurrence of the
peak concentration in each monitoring well, as interpolated from breakthrough curves presented
in Guha, Kottke and Harrison (2003) are summarized in the following table.

3 These numbers are based on those listed on Table 1 of the Miami-Dade DERM 1999 report. Different numb ers are
reported in the description of the tests presented in later sections of the Miami-Dade DERM report. The peak arrival
times listed on Table 1 of the report, rather than those reported in the description of the tests, were used by Miami-
Dade DERM in the analysis of Tests 1 and 4 by the QTRACER model. The Table 1 peak arrival times are,
therefore, also used in the evaluations presented in this report.
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Monitoring Time, in days
Fluorescein Rhodamine WT

Well First Detection Peak First Detection Peak
NWTR-3A 120 170 120 180
NWTR-3B 115 170 115 145
NWTR-4A 108 125 108 130
NWTR-4B 108 125 108 125
NWTR-7C 130 160 130 170
NWTR-7D 130 170 130 170

The 2003 test was conducted as part of the studies undertaken by the USGS, Miami-Dade
DERM, and other agencies to evaluate pathogen transport in karstic flow zones of the Biscayne
Aquifer. The test was conducted by injecting Rhodamine WT red dye and Deuterated Water
through well G-3773, located 100 meters (330 feet) to the west of PW-9 (see Figure 2). Based
on preliminary assessments of dilution effects and of travel times, the amount of dye injected in
the well was 50 kilograms. The dye and the deuterated water were injected on April 22, 2003.
Within 4 hours both the dye and the deuterated water were detected in well PW-9 and reached
peak concentrations at 6.5 hours. This unexpected rapid movement of the dye into the
production well caused the water pumped by the well to turn red, and resulted in the shutdown of
the well after about 13 hours since the beginning of the test; pumping resumed about 26 hours
later.
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Section 4
Evaluation of the Tracer Test Results

The evaluations presented in this report are based on the assumption that the dominant
transport mechanism during the tests was advection, that is, that the tracers were transported at
about the same rate as the moving groundwater. Given the karstic character of the Biscayne
Aquifer, and the conservative nature of the dye tracers, this assumption is reasonable. Earlier
evaluations of the 1998 and 1999 tests, by methods that considered dispersion and other transport
mechanisms (Miami- Dade DERM, 1999; 2000; Guha, Kottke and Harrison, 2003), also support
this assumption. Furthermore, the primary purpose of the evaluations presented in this report
was to provide a common basis of comparison for the tests conducted at the NWWF. The
evaluations did take into account, however, the effects of regional gradients, and of the
distribution of pumpage among the wells of the wellfield.

The evaluations were aimed at determining the effective porosity-thickness product, nb,
reflected by each test, and calculating the travel-time distances corresponding to the maximum
and minimum value of the porosity-thickness product determined from the tests.

4.1 Determination of the Porosity-Thickness Product

A particle tracking routine based on equations 7 and 8 was used to determine the
porosity-thickness product reflected by each test. The transmissivity of the aquifer and the
regional hydraulic gradient were assumed to be uniform and the same for all tests. For each test,
the process of determining “nb” involved the following steps:

1) An initial value for “nb” was assumed;

2) A particle was introduced at the injection well location;

3) The velocity components for that location were calculated based on equations 7 and
8;

4) Using these velocity components and a small time interval, the particle was moved to
a new location;

5) The velocity components were calculated again for the new location, and the process
was repeated until the particle reached the receptor well for each test;

6) The calculated travel time was compared to the actual travel time and the value of
“nb” was increased or reduced to reduce or increase the calculated travel time; and

7) Steps 3 through 6 were repeated until the calculated travel time matched the actual
travel time.

Tests 1 and 4 of 1998, and the 1999 and 2003 tests were evaluated using this approach.
For tests that involved more than one tracer, the evaluation was limited to the results
corresponding to the breakthrough of Rhodamine WT. The 1999 test was conducted over a
period of about six months and was subject to seasonal variations in pumping rates and climatic
conditions, including heavy precipitation from Hurricane Irene in October 14-16, 1999. To
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average the effects of these seasonal variations in pumping rates and climatic conditions, the
evaluation of this test was based only on data from well pair NWTR-7C/7D, the well pair most
distant from the injection well. The “actual” travel time for the evaluation of each test was taken
as the elapsed time between the injection of the dye and the occurrence of the peak concentration
at the receptor well.

Based on the results of the analysis of drawdown data from well G-3773 (Renken, 2003),
the injection well for the 2003 test, a transmissivity of 3,500,000 feet squared per day was used
in the evaluations. Maps of the water table for the Biscayne Aquifer prior to the installation of
the NWWF (Miller, 1989; Fish and Stewart, 1991) indicate the regional gradient at the area of
the wellfield to be to the east-southeast with a magnitude of about 0.5 foot per mile. A gradient
of about 0.0001, in a direction of about 20 degrees south of east was used.

For the 1999 test, the files provided to SSP&A included monthly pumping rate data for
each of the 15 wells of the wellfield for a period of one year, from September 1999 to August
2000. To evaluate this test, during which the peak concentration in the well pair NWTR-7C/7D
occurred after 170 days, the average pumping rate for the six-month period September 1999 to
March 2000 was used. For the 1998 test, except for general statements indicating that the total
pumpage from the wellfield was about 90 MGD, the documents provided to SSP&A did not
include pumping data for individual wells. Since the 1998 tests were conducted in January and
December of that year, it was assumed that the pumping rates of individual wells could be the
same as during the corresponding months in 1999 or 2000; the January 2000 rates were used in
evaluating the first 1998 test and the December 1999 rates for the fourth 1998 test*. For the 2003
test, the files provided to SSP&A included daily pumping rates between February 1, 2003 and
April 30, 2003. The pumping rates for April 22, 2003 were used for evaluating this test.

The pumping rates used in the evaluation of each test, and their distribution among the
production wells of the NWWF are summarized in Table 1. The travel distances associated with
each test and the porosity-thickness products determined from the evaluation of the tests are
presented below:

Tracer Travel Distance, Porosity-Thickness Product,
Test in feet in feet
1998 - Test 1 450 1.37
1998 - Test 4 870 7.32
1999 1230 10.3
2003 330 1.33

* If the actual pumping rates during these tests were higher, than the porosity-thickness products determined from
these tests are underestimated; conversely, if the actual pumping rates were lower, the porosity-thickness products
determined from these tests are underestimated.
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These results indicate that the porosity-thickness product for the Biscayne Aquifer in the
vicinity of the NWWF varies with location. The first test of 1998 and the 2003 test, both
conducted in the middle of the wellfield in the area between production wells PW-8 and PW-9,
reflect a low porosity-thickness product. The fourth 1998 test and the 1999 test, both conducted
downgradient from the wellfield, reflect porosity-thickness products that are about 5 to 8 times
higher. The results also suggest that the porosity-thickness product may be a function of the
distance between the injection and the receptor well; the 2003 test that had the smallest travel
distance between the injection well and the receptor well yielded the lowest porosity-thickness
product, and the 1999 test that had the largest travel distance yielded the highest value of this
product. This may be partly due to the greater likelthood of the presence of continuous
preferential pathways over short distances than their presence over large distances.

To put the values of the porosity-thickness product obtained from the evaluation of the
tests into perspective, note that if the porosity thickness product at the location of the 2003 test
was the same as that determined from the 1999 test, then the time to the arrival of the peak
concentration to well PW-9 would have been 50 hours instead of 6.5 hours; conversely, if the
porosity thickness product at the location of the 1999 test was the same as that determined from
the 2003 test, then the time to the arrival of the peak concentration in the well pair NWTR-
7C/7D would have been 22 days instead of 170 days. Although the travel times would have still
been significantly different (50 hours versus 170 days, or 6.5 hours versus 22 days), both tests
would have yielded the same porosity-thickness product. The difference in traveltime would
have been solely due to the much steeper gradients near the wellfield than those farther away and
downgradient from the wellfield.

4.2 Calculation of Travel-Time Distances

Travel-time based distance boundaries for the NWWF were calculated for the highest and
smallest values of the porosity-thickness product determined from the evaluation of the tracer
tests: (1) the value of 10.3 feet determined from the 1999 Test, and (2) the value of 1.33 feet
determined from the 2003 Test. Traveltime distances corresponding to each of these two
porosity-thickness products were calculated for two pumping rates and distributions: (1) a
pumping rate of 150 MGD corresponding to the current demand and distributed equally among
the 15 production wells (10 MGD per well), and (2) a pumping rate of 225 MGD corresponding
to the wellfield capacity, with each well pumping at 15 MGD. The distances corresponding to
different travel times were calculated by reverse particle-tracking from each production well by
using equations 7 and 8.

The results of the calculations corresponding to the current demand of 150 MGD are
shown in Figures 3a and 3b; those corresponding to the wellfield capacity of 225 MGD are
shown in Figures 4a and 4b. Also shown in these figures are the capture zones of the wellfield at
each of these two pumping rates. The travel-time distances east of the wellfield are restricted by
the downgradient extent of the capture zone of the wellfield; the capture zone is independent of
the porosity-thickness product and remains the same for a given pumping rate (and a given
transmissivity and regional hydraulic gradient).

10
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West of the wellfield, traveltime distances are larger than those in the existing rock-
mining setback regulations (Figure 1), even for the highest porosity-thickness product
determined from the tests and at the current pumping rates (Figure 3a). For the low porosity-
thickness product, corresponding to the results of the 2003 Test (Figures 3b and 4b), the 30-day
travektime boundaries are farther from the wellfield than the 210-day boundary under the
existing setback regulations (Figure 1); the 100-day and 210-day travel-time boundaries were not
calculated for this case as the western extent of the 60-day boundary is already beyond the
western limit of the area covered by the figure, and beyond the drawdown-based® Outer
Protection Boundary (see Figure 1) for the wellfield.

4.3 Discussion of the Evaluation Results

The determinations of the porosity-thickness products from the tracer tests conducted at
the NWWF and the calculations of travel-time distances presented above were based on several
assumptions. The effects of these assumptions on the values of the porosity-thickness products
determined from the tests, and hence on the travektime distances, are briefly discussed below.

The evaluations assumed that the transmissivity of the aquifer and the regional hydraulic
gradient were uniform and the same at all test locations, and representative of average conditions
in the vicinity of the NWWF. The transmissivity used in the evaluations was that determined at
the location of the 2003 test, and the regional hydraulic gradient was estimated from maps
depicting the configuration of the water table in the aquifer prior to the installation of the NWWF
(Miller, 1989; Fish and Stewart, 1991). Both the transmissivity and the hydraulic gradient affect
only the regional increment of the velocity (see equations 7 and 8). A higher transmissivity
and/or hydraulic gradient imply a higher rate of regional groundwater flow, and vice versa.

The 2003 test was an upgradient test, that is, during the test the tracers moved in the same
direction as the regional groundwater flow. If the regional hydraulic gradient is higher than
assumed, then the porosity-thickness product determined from the tests is underestimated;
conversely, if the regional hydraulic gradient is lower than assumed, then the porosity-thickness
product determined from the tests is overestimated. (A gradient of 0.0002, double that assumed,
would have resulted in a porosity-thickness product of about 1.7; a gradient of 0.00005, half of
that assumed, would have resulted in a porosity-thickness product of about 1.1.)

The other three evaluated tests were downgradient tests, that is, during these tests the
tracers moved in a direction opposite to that of regional flow. If the transmissivity at these test
locations and/or the regional hydraulic gradient during the tests was higher than assumed, then
the porosity-thickness products determined from the tests are overestimated; conversely, if the
transmissivity at these test locations and/or the regional hydraulic gradient during the tests was
lower than assumed, then the porosity-thickness products determined from the tests are
underestimated.

3 There is no technical basis for imposing a drawdown-based protection boundary for a wellfield.

11
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The transmissivity and the regional hydraulic gradient also affect the capture zone of the
wellfield. For a higher transmissivity and/or hydraulic gradient, that is, for a higher rate of
regional groundwater flow, the capture zones of the wellfield at each of the two pumping rates
that were considered, would have been narrower and their downgradient limit (and stagnation
point) would have been closer b the wellfield. Conversely, for a lower transmissivity and/or
hydraulic gradient, the capture zones would have been wider and their downgradient limit would
have been farther from the wellfield.

The effects of a higher or lower transmissivity and/or hydraulic gradient (higher or lower
rate of regional groundwater flow) on the extent of the capture zones, on the porosity-thickness
products determined from the 1999 and 2003 tests, and on the calculated traveltime distances
shown in Figures 3 and 4 are summarized in the following table:

Regional Porosity-Thickness Downgradient Upgradient
Rate of Extent of Product Travel Travel
Groundwater | Capture Zone 1999 2003 Time Time
Flow Test Test Distances Distances
Narrower than Lower Closer to the
Higher than shown in than wellfield than Farther from the
assumed in the Figures 3&4; determined Figures 3&4; wellfield than
evaluations downgradient Higher restricted by the Figures 3&4
limit closer to than limit of the capture
wellfield determined zone
Wider than Higher Farther from the
Lower than shown in than wellfield than Closer to the
assumed in the Figures 3&4; determined Figures 3&4; wellfield than in
evaluations downgradient Lower restricted by the Figures 3&4
limit farther than limit of the capture
from wellfield determined zone

The evaluations also assumed that the primary transport mechanism for the tracers was
advection; the effects of other transport mechanisms such as dispersion or sorption were not
considered. Analyses of the 1998 and 1999 tests that considered dispersion (Miami-Dade
DERM, 1999; 2000a; Guha, Kottke and Harrison, 2003) indicate that the dispersivity reflected
by the tests is small; therefore, dispersion had a small effect on the transport of the tracers. The
tracers used in the tests are conservative and are not subject to significant sorption by the karstic
limestone aquifer. Neglecting these transport mechanisms does not, therefore, have a significant
effect on the results of the evaluations.

Finally, the calculations of travektime distances assumed that the porosity-thickness
product and the transmissivity of the aquifer are uniform. The results of the tracer tests indicate
that the porosity thickness product varies with location and that may also be a function of the
travel distance. In a karstic aquifer, such as the Biscayne Aquifer, transmissivity is also expected
to be spatially variable. Regardless of whether or not available data are adequate for defining

12
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spatial variations for these aquifer properties, consideration of spatial variations would have
required the development of a numerical groundwater flow model that can incorporate these
variations. Development of such a numerical model was well beyond the scope of this study.

13
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Section 5
Implications on Rock-Mining Setbacks

The current rock-mining regulations prohibit mining within the area of the 30-day travel
time boundary for the NWWF, and place a depth restriction of 40 feet within the area that lies
between the 30-day and the 210-day travel-time boundaries; this depth restriction is waived if
mining occurs outside an area corresponding to a 60-day travel time. As indicated in Figures 3
and 4, the distances to traveltime boundaries vary with the pumping rate and with the effective
porosity-thickness product of the aquifer. Assuming that the intent of the regulations is to
protect the NWWF at all potential pumping rates, the wellfield capacity of 225 MGD is the
appropriate pumping rate for determining mining setback boundaries. At this pumping rate and
over the range of the porosity-thickness products determined from the tracer tests, the distance to
the 30-day traveltime boundary, within which mining should be prohibited according to the
regulations, ranges from about 0.8 mile (Figure 4a) to about 3.5 miles (Figure 4b) west of the
wellfield. The distance to the 60-day travel-time boundary, outside of which mining depth
restrictions do not apply, ranges from about 1.4 mile (Figure 4a) to beyond the western boundary
of the figure (Figure 4b) which lies about 5 miles from the wellfield.

The U. S. Army Corps of Engineers (USACE) issued several permits in 2002 allowing
rock mining to occur outside of an approximately 2 mile setback from the NWWF for at least 3
years pending the completion wellfield protection studies in addition to those conducted in 1998
and 1999 (personal communication, staff of NRDC). Note that the setback distance of 2 mile
stipulated in these permits is less than even the 0.8 mile distance to the 30-day travel-time
boundary and significantly less than the 1.4-mile distance to the 60-day travektime boundary
calculated using the highest porosity-thickness product determined from the evaluations of the
tracer tests (see Figure 4a).

The 2003 test was conducted as part of the studies undertaken by the USGS, Miami-Dade
DERM, and other agencies to evaluate pathogen transport in karstic flow zones of the Biscayne
Aquifer. The dye and deuterium tracer test is presented as the first step in a series of field and
laboratory studies planned for the evaluation of pathogen transport. Regardless of conclusions
that may be drawn from the results of other planned tests using the same field arrangement, the
small travel time, and hence the high velocity, observed during the tracer test is indicative of a
good hydraulic connection through a karstic flow zone between the injection well and production
well PW-9. In fact, the logs of the injection well (G-3773) and of monitoring well G3772,
installed between the injection well and PW-9, show several karstic flow zones in this area. Note
that the first 1998 test also reflected a porosity-thickness product essentially identical to that
from the 2003 test. Thus, the karstic flow zones may be extending across the entire area between
production wells PW-8 and PW-9. Studies by the USGS have also identified these karstic zones
in two wells about one mile west of the NWWF, and about 1.5 miles apart along a north-south
alignment (Baker, 2003). Thus, the results of the first 1998 and the 2003 tests may be
representative of conditions west of the wellfield. If that is the case, then some of the permitted
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and most of the proposed rock-mining areas are within distances with less than 30-day and 60-
day travel times to the wellfield (see Figure 5)° even under the current pumping rates; mining
operations in these areas should be prohibited or restricted under the terms of the current
regulations.

The tests conducted to date were located either east (downgradient) of the NWWF or
within the wellfield. The critical areas for mining operations are the areas to the west, north, and
south of the wellfield; first, because east of the wellfield the limit of the capture zone is probably
a better criterion for limiting or prohibiting mining than traveltime based distances, and second,
because most of the currently permitted or proposed mining areas are to the west, north and
south of the wellfield. If traveltime based mining setbacks are to be applied to these areas, then
data on the transport properties of the aquifer should be collected from tests conducted in these
areas. In absence of such tests, regulation of mining operations in the vicinity of the NWWF
should be based on the results of tests conducted to date, and mining should be prohibited or

restricted in areas where these results indicate potential travel times of less than 30 or 60 days to
the wellfield.

Tests conducted in areas of proposed mining operations should include multiple
monitoring and injection wells, and be designed to evaluate the transport properties of the aquifer
over different travel distances so that the results can be used to assess whether or not a
correlation exists between these properties and the travel distance. Any model, or models, used
to design these tests, interpret the test results, and delineate rock-mining setback distances
protective of the NWWF should consider the effects of both the regional groundwater flow and
of the pumping from the wellfield.

% The permitted and proposed lakes (rock-mining areas) shown in this figure represent conditions in 2000; certain
lakes designated as proposed have been permitted since 2000 (personal communication, staff of NRDC).
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Table 1

Pumping Rates Used in the Evaluation of the NWWF Tracer Tests,
and their Distribution among Production Wells, in MGD

Production 1998 1998 1999 2003

Well No. Test 1 Test 4 Test Test
1 10.000 10.000 10.000 10.362

2 0.000 3.333 1.875 10.362

3 0.000 0.000 0.000 10.362
4 0.000 0.000 0.000 10.362

5 0.000 0.000 0.000 0.441

6 0.000 10.000 1.667 0.000

7 15.000 12.083 14.514 0.000

8 15.000 7.500 13.750 0.000

9 15.000 12.083 13.854 9.921

10 10.000 8.750 9.792 0.000

11 0.000 0.000 0.000 0.000

12 0.000 4,583 2.083 0.000

13 10.000 10.000 8.681 0.000
14 0.000 10.000 7.986 10.362
15 0.000 10.000 8.333 10.583
Total 75.000 98.332 92.535 72.756
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STAVROS S. PAPADOPULOS
Groundwater Hydrologist

Education PhD in Civil Engineering, 1964. Princeton University, Princeton, New Jersey
MA in Civil Engineering. 1963. Princeton University, Princeton, New Jersey
MS in Ground-Water Hydrology, 1962, New Mexico Institute of Mining and
Technology, Socorro. New Mexico
BS in Civil Engineering, 1959, Robert College, Istanbul, Turkey

Registrations Professional Engineer, District of Columbia, No. 7754
Languages English, French, Greek, Turkish, knowledge of Spanish
Professional S.S. Papadopulos & Associates, Inc., Bethesda, Maryland: President, 1979-1993;
History Chairman, Board of Directors, 1993 to 2001; Founder & Senior Principal, 2001-
present.

U.S. Geological Survey, Reston, Virginia: Research Hydrologist, 1970-1974;
Hydrologist, 1974-1979.

University of Illinois at Chicago Circle, Chicago, Illinois: Associate Professor, and
Harza Engineering Company, Chicago, Illinois: Chief Groundwater Consultant
(part-time), 1969-1970.

Harza Engineering Company, Chicago, Illinois: Groundwater Specialist, 1967,
Head of Hydrology Department, 1967-1969; and University of Illinois at
Chicago Circle, Chicago, Illinois: Visiting Associate Professor (part-time),
Spring Quarter 1968.

University of Minnesota, Minneapolis, Minnesota: Associate Professor, 1966-1967.

U.S. Geological Survey, Arlington, Virginia: Hydraulic Engineer, 1963-1964;
Research Engineer, 1964-1965; Research Hydrologist, 1965-1966; and George
Washington University, Washington, D.C.: Part-time Associate Professional
Lecturer, 1965-1966.

New Mexico Institute of Mining and Technology, Socorro, New Mexico:

Research Assistant, Summer 1963.

Princeton University, Princeton, New Jersey: Graduate Assistant, 1961-1963.

U.S. Geological Survey, Trenton, New Jersey: Hydraulic Engineer (part-time), 1963.

U.S. Geological Survey, Denver, Colorado: Hydraulic Engineer, Summer 1962.

New Mexico Institute of Mining and Technology, Socorro, New Mexico:

Graduate Research Assistant, 1959-1961.

The U.S. Army Corps of Engineers, Trabzon and Sinop, Turkey: Assistant

Engineer, Summers 1958 and 1959.

Summary of Dr. Papadopulos is an internationally recognized expert on the analysis of

Qualifications groundwater systems. His areas of expertise include e the evaluation of aquifer test
data, e the use of analytical and numerical models for interpreting groundwater
flow and contamination problems and for resolving groundwater supply issues, ®
assessment of groundwater flow and quality conditions at hazardous waste sites
and identification of potential receptors, and e the design of monitoring networks
and of extraction well systems for groundwater remediation. He has served on
advisory panels offering technical opinion on complex groundwater issues and has
provided expert testimony in court proceedings and/or administrative hearings. He
has planned and directed research on groundwater systems and on the development
of new methods for analyzing aquifer tests. He is the author and co-author of
publications on well hydraulics, aquifer test methodology, groundwater resource
evaluations, and subsurface waste disposal.
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Appointments Member of the Groundwater Protection Strategy Work Group, Montgomery

County, Maryland, Apri-November 2001.

Member of Committee for the O. E. Meinzer Award, Geological Society of
America, Hydrogeology Division, 1993-1995.

Member of Water Science & Technology Board, National Research Council, 1991-
1994.

Member of Advisory Council to School of Engineering and Applied Science,
Princeton University, 1988-1992.

Chairman of Advisory Council to Department of Civil Engineering and Operations
Research, Princeton University, 1984-1992.

Member of Commission on Engineering and Technical Systems, Geotechnical
Board, National Research Council, 1988-1989.

Member of U.S. National Committee, International Association of
Hydrogeologists, 1981-1984.

Member of Committee on Ground-Water Hydrology, Hydraulic Division,
American Society of Civil Engineers, 1975-1981.

Awards New Mexico Institute of Mining and Technology Alumni Association’s
& Honors Distinguished Achievement Award , in recognition of outstanding achievement,

leadership, and creative contribution in occupation and profession, May 9, 1998.

Actuary Archon of the Ecumenical Patriarchate; honorary title conferred by
Bartholomew I, Ecumenical Patriarch of the Orthodox Church, Istanbul, Turkey,
October 15, 1995.

Medal of the City of Montpellier, awarded at the International Symposium on the
Implications of Hydrogeology on Earth Sciences, Montpellier, France,
September 11-16, 1978.

U.S. Geological Survey Special Achievement Award, September 1977.

U.S. Department of Interior Meritorious Service Award, May 1977.

Representative S.S. Papadopulos & Associates, Inc., Bethesda, Maryland.

Pro]_eCt Dr. Papadopulos has directed and/or conducted quantitative groundwater studies
Experience at numerous project sites throughout the United States and overseas. His project
experience includes the evaluation of hydrogeologic conditions and/or the design
of remedial measures at Superfund sites and at commercial facilities. For several
of these projects, he has provided litigation support and/or expert testimony on
issues related to groundwater contamination. A few examples of his project

experience are presented below:

= Coors Road Project, Sparton Technology, Inc., New Mexico — Provided
technical assistance in developing off-site and source containment systems for
a contaminant plume associated with this facility. Participated in settlement
negotiations with regulatory agencies to develop work plans for the installation
and testing of these containment systems and for the evaluation of aquifer
restoration. Testified in court proceedings associated with the installation of
the off-site containment system. Analyzed aquifer-test and water-level data to
determine the operating pumping rate for the off-site containment well and its
capture zone. Since the implementation of the off-site containment system,
continues to provide technical advice on issues related to site data collection
and interpretation. Has primary responsibility for developing a groundwater
flow-and-transport model for the site and for preparing annual reports on the
status of the remedial operations and progress in aquifer restoration.
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Representative S.S. Papadopulos & Associates, Inc. — continued

Pro]_eCt = Chem-Dyne Superfund Site, Hamilton, Ohio — Dr. Papadopulos has been
ExPe"_ence involved in investigations and studies associated with this site for over 20
— continued years. His involvement with the site began in 1982 when, on behalf of a

number of potentially responsible parties (PRPs), he provided oversight of
remedial investigations that were being conducted by regulatory agency
contractors. This led to his directing additional investigations on behalf of the
PRPs, and to his participation in the design of remedial actions for the site.
Dr. Papadopulos also participated in negotiations with the regulatory agencies
that led to a Consent Decree entered in October 1985. After the signing of
the Consent Decree, he directed the installation of the groundwater extraction
system (25 extraction wells), the testing and evaluation of these wells, and the
determination of their pumping rates. Since the beginning of remedial
operations in 1987, Dr. Papadopulos has been responsible for the preparation
of the Annual Reports for the site, for the conduct of special investigations
(including the development of a groundwater flow model), and for regulatory
agency interactions that became necessary during the last 15 years of
remedial system operations. Currently, he is directing the development of a
fate-and-transport model for the site to evaluate alternate or additional actions
that may accelerate meeting the termination criteria for the remedial system.

= Puente Valley Project - TRW Inc., California — Provided technical
assistance to TRW in developing a position paper on the allocation of
remedial costs among potentially responsible parties (PRPs) in the Puente
Valley Operable Unit of the San Gabriel Valley Superfund Site. Directed an
extensive review of available reports and data to evaluate hydrogeologic
conditions at more than 50 PRP sites within Puente Valley, and to develop
groundwater flow-and-transport and optimization models for determining the
relative contribution of each site to groundwater contamination.

® Tyson Superfund Site, Ciba-Geigy Corporation, Pennsylvania —
Provided technical assistance in remedial investigations and in the design of
remedial measures at this site where wide-spread migration of DNAPLs
occurred n fractured bedrock. Designed an extraction system to intercept
contaminated groundwater discharging from shallow bedrock into the
adjacent river. Directed the development of several groundwater flow models
of the site to design the extraction system, assess its performance over time,
and evaluate flow conditions in deeper bedrock. Formulated additional field
investigations to assess the deep bedrock, evaluated data, and designed a
groundwater extraction system for the deep bedrock. After installation ofthe
deep bedrock system, directed periodic evaluations of system performance.

= Kodak Park Projects, Eastman Kodak Company, New York —
Participated in a Groundwater Advisory Panel (GAP) providing technical
advice to Kodak on issues related to groundwater contamination and
remediation at its Rochester facilities. Directed projects involving the
development of regional and local groundwater flow-and-transport models of
the hydrogeologic system underlying Kodak Park, the design of interim
remedial measures at several Kodak Park sections, and the conduct of
Corrective Measure Studies for Kodak Park West and for the northeastern
area of Kodak Park East.
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S.S. Papadopulos & Associates, Inc. — continued

= Cyril Project — Union Texas Petroleum Energy Corporation: — Served as
Technical Representative of Union Texas on the Cyril Technical Committee
of the Oklahoma Corporation Commission (OCC). The Committee conducted
investigations to determine the extent and the feasibility of remediating a
chloride plume caused by past oil production operations. Assisted the
Committee in the selection of a consultant for field investigations, and
prepared the sampling and testing protocols to be used by the consultant.
Evaluated aquifer-test, streamflow, and water-quality data, and developed
numerical groundwater flow and transport models for the site to assess the
fate-and-transport of the chloride plume and to evaluate remedial alternatives.
Served on the subcommittee preparing the Final Report and had primary
responsibility for the modeling and several other appendices to the report.

" Glendale Mediation Project, Intra-Glendale Operable Unit, California —
Served as Technical Advisor to the Mediator/Arbitrator for cost allocation
among MRPs at the Glendale Operable Unit of the San Fernando Valley
Superfund Site. Evaluated several allocation schemes developed by PRP
consultants, and advised the Mediator/Arbitrator on their technical merit.
Discussed with PRP consultants the results of their investigations at their
client’s facility and the potential relative contribution of the facility to
groundwater contamination. Based on these evaluations and discussions,
provided guidelines to the Mediator/Arbitrator for his mediation, and planned
the technical approach to be used during the arbitration phase.

U.S. Geological Survey, Water Resources Division, Reston, Virginia.

=  Conducted research in the analysis of groundwater systems and development
of methods for analysis of aquifer test and groundwater resources.

= Served as Research Advisor to the Assistant Division Chief for Research and
Technical Coordination and to his Deputy for Research.

= Investigated the energy potential of the Gulf Coast geopressured zones,
water-supply potential of the Coastal Plain aquifers near Washington, DC,
feasibility of aquifer thermal energy storage, and potential shallow burial sites
for low-level radioactive wastes.

= Evaluated sources of additional water supply for Riyadh, Saudi Arabia, and
the groundwater resources of the Setubal peninsula in Portugal.

University of Illinois at Chicago Circle, Department of Geological Sciences,
Chicago, Illinois.
Taught courses in groundwater hydrology, engineering and structural geology.
Conducted research on the application of digital computer techniques to well
hydraulics and aquifer evaluation studies.

Harza Engineering Company, Chicago, Illinois.
Directed all aspects of planning involving groundwater resources, including
preliminary and detailed exploration programs, pumping tests, resource
evaluation, and aquifer protection studies. Major assignments included:
= Groundwater studies for the Chicago Deep Tunnel Project.
= Reconnaissance studies to determine the groundwater development potential

of the Ullum Valley in Argentina and of limestone aquifers in Northern
Guatemala.
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Harza Engineering Company, Chicago, Illinois — continued
® Formulation of groundwater exploration programs for several areas in Java
and Sumatra to assess the technical feasibility of developing groundwater for
irrigation and to identify pilot studies that would demonstrate the conjunctive
use of surface and groundwater supplies for large-scale irrigation projects.

University of Minnesota, Department of Geology and Geophysics, Minneapolis.

Taught undergraduate and graduate courses in groundwater hydrology.
Conducted research in well hydraulics and aquifer evaluation methods.

U.S. Geological Survey, Water Resources Division, Arlington, Virginia.
Conducted research of the mechanics of groundwater flow. Served as consultant
to other USGS offices on special problems such as developing seepage estimates

for Cedar Lake in Washington; analyzing limited data from pumping tests in
Puerto Rico, Virgin Islands, North Carolina and Florida; and evaluating tracer

test data in Colorado

American Society of Civil Engineers (Life Member since January 2001)
American Geophysical Union

Association of Ground Water Scientists and Engineers

International Association of Hydrogeologists

Geological Society of America (Fellow since May 1993)

Sigma Xi
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Larson, S