APPENDICES

L A s V E G A S W A s H

COMPREHENSIVE ADAPTIVE MANAGEMENT PLAN



APPENDIX 8.2



S S

I D N, B A S N, B o, (R [ A I, B



This is a DRAFT Document, and is subject to revision.

EXHIBIT A
SCOPE OF SERVICES

Alternative Discharge Study

Wastewater generated in the Las Vegas Valley is treated by three separate agencies: the City of Las
Vegas, the Clark County Sanitation District, and the City of Henderson, collectively identified as the
Las Vegas Valley Dischargers (Dischargers). Currently, the Dischargers discharge treated municipal
wastewater (effluent) into the Las Vegas Wash (Wash), which flows into inner Las Vegas Bay (Bay), a
part of Lake Mead. As the population in the Las Vegas Valley continues to grow at a rapid pace, the
quantity of effluent treated and discharged increases as well.

The effluent provides nutrients that increase the productivity of the inner bay, resulting in high
concentrations of algae (as measured by chlorophyll a) and greater production of zooplankton and fish.

Because of concemns about the concentrations of algae, the Nevada Division of Environmental
Protection (NDEP) has imposed increasingly stringent phosphorus limits, and the Dischargers have
complied with them by installing chemical treatment and then filtration.

Although the inner bay now complies with the applicable water quality standards for algae, concerns
have been raised that algae may increase as wastewater flows increase in the future. Concerns have
also been raised about bacteria and various chemicals, which may come from the Dischargers’
treatment plants or from other sources such as shallow groundwater and urban runoff, that are carried
by Las Vegas Wash into Lake Mead, and that may affect species and habitat in the Wash and Lake
Mead.. Ammonia toxicity and the ability of the Dischargers to meet discharge standards that result
from a finite Total Maximum Daily Load (TMDL) can also be problematic. Also, there is concemn that
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the daily discharge is contributing to erosion in the Wash. Finally, there are concerns that wastewater
constituents flowing in to the inner bay may affect the drinking water supply withdrawn from Lake
Mead at Saddle Island, which is about six miles away from the Las Vegas Wash.

For these reasons the Dischargers are interested in exploring whether the point of discharge for a
portion or all of the effluent could be moved from the Wash to another location. In 1997 the
Dischargers commissioned the Wastewater Needs Assessment Study (NAS) to review possible
altemative discharge points and which identified two points in Lake Mead where alternate discharges
might be located. This Alternative Discharge Study (Project) is a continuation and expansion of the
findings in the NAS with the intent to provide engineering, scientific, and environmental solutions for
effluent disposal, representing a plan that will be acceptable to the Dischargers and the other
stakeholders.

The Project will be managed by the Dischargers’ Steering Committee, composed of one representative
from each Discharger. In addition, the Dischargers will provide a Working Group, composed of three
(3) members from each Discharger. The Working Group will serve as the primary technical interface
with the Project Team defined below.

The Dischargers have retained the BV+ Team (hereinafter referred to as the “Project Team”) which
consists of the firms of Black & Veatch; Kennedy Jenks Consultants; Post, Buckley, Schuh &
Jemigan, and other local subconsultants. The Project Team also includes an Expert Advisory Panel
which will participaie in workshops, provide technical review of work products and work plans,
provide technical oversight to the Project Team, and scientific validation of the recommendations.
OTHER STAKEHOLDERS
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In 1997, a 21-member Water Quality Citizens Advisory Committee (WQCAC) was established by
the Southem Nevada Water Authority (SNWA) to discuss, prioritize, and recommend actions to
evaluate and protect the water quality of Las Vegas Wash and Lake Mead. One conclusion of the
WQCAC was that the water quality issues related to the Wash are complex and not the responsibility
of any one public entity. Therefore, an interagency and community-wide effort would be required to
address the many issues. In June of 1998, the WQCAC recommended that the SNWA serve as the
coordinating entity to identify and bring together all stakeholders to develop a comprehensive
management plan for the Las Vegas Wash. Following that recommendation, the SNWA formed the
Las Vegas Wash Coordination Committee (LVWCC) with the mission to evaluate all facts, issues, and
concerns regarding the Wash in order to develop and implement a practical, comprehensive approach
for managing the Wash in a timely manner. The three Dischargers are among the 29 agency, public,
and corporate members of the LVWCC.

While this Project will interface with the on-going work of the LVWCC it is anticipated that the
principal interface will be with the LVWCC’s Alternate Discharge Study Team (referred to hereinafter
as the “Study Team”). In addition, there will be opportunities to interface with the WQCAC, the
SNWA, the Lake Mead Water Quality Forum, the Sewage and Wastewater Advisory Committee
(SWAC), and the others..

The Study Team would meet with the Project Team on a monthly basis in order to serve in a review
and advisory role on this Project and assist in developing the recommended plan. Through the work of
the Study Team, the LVWCC would be briefed on a regular (perhaps quarterly) basis regarding the

Project status.
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Because of the complexity of the technical and regulatory processes, and the probability that new
issues will arise as the work progresses, the Dischargers intend to conduct the Project in the following
phases, which will generally occur sequentially:

L Develop a plan for the Dischargers to address the issues identified above and other concems
which are raised, and to find the recommended plan for managing the treated effluent from a
rapidly growing population;

II.  Prepare the scope for any short-term and long-term studies which will need to be accomplished,
and the scope for the environmental analyses;

III. Perform the recommended short-term and long-term studies and conduct the required
environmental analyses; and

IV. Implement the selected altemative discharge plan.

The scope of work presented below covers the work in Phases 1 and IL.

WORK PLAN

In the work plan below, Technical Memoranda (i.e., focused mini-reports and/or chapters of reports
that will form the technical supplement and background for the Final Implementation Plan report to be
delivered at the conclusion of Phases I and I1) for specific tasks are identified with the symbol [TM].
In each case, a Draft TM will be prepared and submitted to the Dischargers, Study Team, and any
Workshop participants for review and comment two (2) weeks prior to a scheduled workshop date.
Following the workshop, changes will be incorporated and a Final TM prepared and issued to the
same distribution list.

The Phases I and I will be accomplished in the following sequence and the related tasks are described
subsequently.
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Project Initiation to put into place the tools and structure to conduct the work.

Compilation and assessment of existing data.

Develop Issues, Constraints leading to Workshop #1 where the Alternatives will be initialed
ranked and an interim list selected for further evaluation.

Interim Alternative Evaluation, leading to Workshop #2 to rank the alternatives and select the
three preferred (“short list™) alternatives for final consideration.

Evaluation of the short list and prepared recommended Implementation Plan for final
consideration

Concurrent with above steps, provide public outreach support, and

Participate in regular meetings and breifings associated with the Project.

-- PROJECT INITIATION

Task A-1 - Develop Project Work Tools
Prepare the following tools to be used in accomplishing work on the Project:

*

¢

+

Project Work Plan and Schedule,

Project Procedures & Management Manual

Project Specific Web Site (PSWS)  Will be used for posting project documentation for access
by the Dischargers and members of the Project Team. Information made available for public use
will be developed and placed on the LVWCC website.

Project Information Management System (PIMS)  Will be used for cataloging, storing, and
retrieval of the extensive volume of existing data as well as the data that will be collected and
developed for the Project.

Public Qutreach Strategy

Develop a flow chart presenting the project review and approval process.

Task A-2 — Prepare Information for Partnering Workshop
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This Partnering workshop will include the Dischargers” Steering Committee and Working Group and
key members of the Project Team. The Project Team’s Partnering Facilitator will work with the
Dischargers” Steering Committee to prepare the plan for the partnering workshop including the list of
objectives the Workshop participants would be expected to achieve, agenda, and any other materials.
Participants in the Workshop will be interviewed beforehand by the facilitator.

Task A-3 — Conduct Partnering Workshop
This facilitated Workshop will have the following expectations :

¢ Establish Project Mission and Goals  Prepare a project mission statement and a joint list of goals
to be achieved during the project. In very general terms, the mission statement could include
“disposal of all current and future wastewater flows either in-Valley or into Lake Mead, in
an environmentally and technically sound manner, while assuring maximum return flow
credits, and in a cost-effective manner.”

¢ Participant and role identification (clearly define roles early in the process to avoid
miscommunication and unacceptable expectations).

¢ Vision — This step will include developing a “vision for the future” statement. This could include a
vision of what the Las Vegas Wash and Las Vegas Bay would look like through the project
planning period which will help better define goals for the Dischargers’ resources and provide
focus for the project.

¢ Process for conflict resolution

¢ Schedule for Partnering Updates

Task A-4 — Conduct “Informed Consent” Training
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This will be a one-day training session — Conducted by Hans & Annemarie Bleiker of the Institute for
Participatory Management & Planning — for the Dischargers’ Steering Committee, Work Group,
others as designated by the Dischargers, and key members of the Project Team in the techniques of

“Systematic Development of Informed Consent” for use during the Project.

B. EXISTING DATA ASSESSMENT

This work consists of preparing a Technical Memorandum [TM} summarizing the status of existing

reports and documents related to the Project.

Task B-1 — Definition of Existing Knowledge Base [TM]

The existing documents and records relative to the Project currently reside in many forms and in

several locations, such as the Dischargers, the LVWCC, etc.. The intent of this task is to assemble the

information into a single database for use during the Project. Work in this task will include:

¢ Collect, briefly review, and catalog the documents by topic areas such as Las Vegas Bay Water
Quality, Las Vegas Wash Water Quality, Lake Mead Water Quality, Erosion, Fisheries, Lake
Hydrodynamic, Wastewater, wetlands, etc.; and enter the information into the PEMS.

¢ The existing documents will be optically scanned and installed in PIMS database with document
links. They will then be readily accessible by the Dischargers and Project Team. Electronic copies
of the scanned and catalogued documents will be provided to the Dischargers and LVWCC on
CD-ROM for their reference purposes. If technically feasible, public access to the database can be
provided via the LVWCC Website.
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The resulting TM will be a presentation of the bibliography and sources of data available for the
Project.

C - ISSUES, CONSTRAINTS, AND ALTERNATIVES

The Study Team has developed a set of alternatives and related issues for the alternative discharge.
The work in the tasks below consists of further defining the altematives issues, and constraints.
Particular reference will be made to the previously prepared Needs Assessment Study, the current Las
Vegas Valley 208 Water Quality Management Plan, and similar reports. This information prepared
herein will be used in Workshop #1 (Task C-4) to refine the Study Team’s alternatives and select an

interim list from among them for further evaluation.

Task C-1 - Define Project Issues [TM]
This task involves the identification of, and meeting with, up to 30 key “stakeholders” interested in

and/or impacted by the Alternate Discharge. The stakeholders will most likely include the LVWCC,
but may also include other organizations, agencies and select individuals/groups with a direct interest in

the discharge issue. The elements included in this task are:

¢ Prepare altemative descriptions

¢ Draft questionnaire

¢ Draft a stakeholder list, based on the LVWCC

¢ Conduct, schedule, participate, prepare meeting summary, and follow-up for 30 interviews
4 Draft issues analysis and TM

The purpose of these interviews is threefold:
1. Obtain substantive input and feedback regarding issues of specific concern to these stakeholders
on issues associated with each of the alternatives
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2. Determine level of interest and potential ongoing involvement on the review, assessment, and
ultimate input into the decision on the proposed alternatives for alternate discharge.
3. Based upon feedback obtained, review outreach and information plan with the LVWCC Public

Outreach study team to ensure effective communication with the stakeholders and other publics.

Specific steps will include the following:
1. Prepare Alternative Descriptions. Develop a description of each of the Study Team alternatives

consisting of no more than a 2-page presentation of the components of the alternative, with text,
pictures, maps, and/or figures. The draft descriptions would be submitted to the Dischargers and
the Study Team for review and comment. Comments would be incorporated into final descriptions
and would be assembled into a brochure with a one-page introduction.

2. Develop Interview Data Gathering Forms. These would be issue forms that the two-person

interview teams would use to collect information during the interviews
3. Develop Interview List. Prepare a list of the 30 recommended key stakeholders to be invited to

participate in the issues survey. Submit the list to the Steering Committee and Study Team for
review and approval. The individuals to be interviewed would be contacted, apprised of the
process and a schedule for each of their interviews established.

4. Distribute Alternatives Brochures. The alternative descriptions would be distributed to the

interview list.
5. Conduct Interviews. The two-person teams will meet with the interviewees and conduct the
interviews.

6. Evaluate the Information and Prepare A Work Plan to Address the Issues. The issues information

will be evaluated and the issues associated with each alternative grouped into similar categories.
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Any recommended modifications to this work plan required to address the issues associated with
each alternative will be prepared.

7. Prepare TM. The data gathering process, data collected, data evaluation, and recommended
Work Plan for addressing the issues will be prepared in a draft TM and submitted to the
Dischargers for review and comment. Copies of the TM will also be distributed to selected

members of the Expert Advisory Panel for review and comment.

Task C-2 — Develop Preliminary List of Probable Project Constraints [TM}
Based on the data assessment develop a preliminary list of probable constraints that will impact

alterative development and selection. [These will be modified and expanded upon as the Project

moves through the alternative evaluation/reduction process.] The issues information gather above will

be evaluated and developed into constraints associated with each alternative which must be resolved
for that alternative to be implemented. This work will include:

4 Identify initial constraints that will limit the range of options to those that are practical and
implementable. They are expected to be divided into the following categories, with some initial
judgments of important constraints under each category:

» Legal

» Land ownership

= Regulatory

s Clean Water Act-based regulations and rules

= “Stewardship” by NPS, BLM and other federal agencies
= Environmental

s Threatened and endangered species

®  Financial
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= Political

Task C-3 —- Prepare and Distribute TMs to Workshop #1 Participants.
The TMs prepared above — including Issues, and Probable Constraints -- will be assembled,

reproduced, and distributed to participants in Workshop #1.

Task C-4 — Conduct Workshop #1

Meet in a one-day workshop with the Dischargers and Study Team to accomplish the following

objectives:

L/

L

¢

Review the Project Issues TM

Review the Project Constraints TM.

Conduct an initial evaluation of the issues and constraints associated with each of the Study Team
alternatives. Rate and/or rank the issues and alternatives in priority to determine if any should be
combined or removed from further evaluation, with a goal of arriving at an interim list of up to 8 to
10 alternatives for further assessment.

Agree upon and endorse any changes in the work plan and schedule for the subsequent stages and
tasks.

Task C-5 — Prepare Report on Workshop Findings and Recommendations
A report documenting and summarizing the work accomplished in Workshop #1 will be prepared and

distributed to Workshop participants, and posted on the LVWCC Website.
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D -- INTERIM ALTERNATIVE EVALUATION

The Study Team altematives that remain under consideration from Workshop #1 will be further
developed through preparation of conceptual engineering reports on each alternative as defined in the
tasks below. The Project Team proposes to use a process for constructing and utilizing a Geographic
Information System (GIS) populated with data from various sources to assist in the determination of
alternative feasibility and the presentation of these findings. GIS hardware, software, (primarily UNIX
" and NT based ESRI ArcINFO, and ArcView) and GIS specialty staff will be used to perform these

services.

Task D-1 — Obtain Data and Develop GIS for Alternative Evaluation

Data sources will be selected based on the specific alternative alignments as well as the alternative
implementation at the terminus of each alignment. Data sources necessary for altemative evaluation
may include:

= Land use

= Land ownership.

s Topography.

»  Soils.

»  Groundwater regimes.

»  Existing infrastructure.

= QOther appropriate data.

Identifying the proper data to be obtained for analysis will require close coordination with project
engineers and planners to identify the key issues pertaining to each of the interim alternatives. A goal of
this phase of work will be to identify potentially pertinent data sources so that there is no duplication of
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effort when compiling the GIS database in subsequent tasks. Each route orientation will have to be
considered to be flexible so that data compilation efforts allow for routes to be shifted without going
into areas of “no data”. This may result in the inclusion of some data that may not be used for the
feasibility assessment, but past experience dictates that this is a necessary step in allowing for
alternatives to vary slightly from their original position.

The result of this task will be a list of data (with sources) that will need to be obtained and used to
evaluate the feasibility of each of the interim and short-listed alternatives. This GIS data will also be
used for the analyses performed as part of Phases Il and III.

Using the list of data to be obtained, digital GIS data sources will be acquired when possible. Some of
these source data may need format changes, coordinate conversion and other GIS manipulation to
assure co-registration of all data layers within the GIS database. As each set of source data is added
to the database, the data source, repository location and contained information will be logged in a
database dictionary in MS Word. In the event that data does not exist in a digital format, hardcopy
maps will be input through digitization and/or scanning. if feature attributes (topology) is not required
and spatial reference is necessary only for superimposing other data on top of this data, scanning and
geo-referencing may be the preferred option. If topology is deemed necessary, digitizing of the dataset
may be performed. As this process involves manually inputting the data and is a labor-intensive
process, it will be considered only as a last resort and will be limited to 80 staff hours for data which is
critical to alternative evaluation.

Upon completion of this task, a GIS database will have been constructed whose structure and content
will have been documented in a database dictionary.
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Task D-2 — Develop Conceptual Plan for each Interim Alternative [TM)]
This task consists of conceptual development of the Interim Alternatives in order to identify fatal flaws

and to provide the basis for further evaluation and comparison of the alternatives to arrive at a short-list
in Workshop #2. Conceptual development of each interim alternative is expected to consist of:

1. Identifying the engineering issues and considerations associated with each alternative, e.g. the need
for pumping stations, tunneling, etc.

Identifying pipeline comridors

Identifying land ownership availability

Identifying pumping station and other facilities locations/sites.

Identifying baseflow discharge to the Wash.

Identifying the locations/types of outfall and other point of the Dischargers’ facilities.

A U T o

Identifying impacts to the wastewater treatment processes at the Dischargers’ facilities, including
the current expansion plans.

8. Identifying environmental and permitting issues, constraints, and considerations.

9. Identifying geotechnical issues, considerations, and constraints associated with each alternative.

10. Developing a conceptual level cost estimate for each alternative.

11. Developing a conceptual schedule for implementing each alternative.

12. Identifying public perception issues/concerns

The GIS data prepared in Task D-1 will be used to assist in identifying various issues, considerations,
and constraints associated with each alternative, and in evaluating the alternatives. As part of this task,
the Project Team will also be identifying data sources for use in this and future tasks.
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Following compilation of the GIS database, maps of existing conditions for each of the identified
primary alternatives will be created. These maps will be used to evaluate feasibility of the proposed

alternatives with respect to the data and issues pertinent to each.

A TM will be prepared for each Interim Alternative, The contents of each TM is expected to include:

* Description of the altemative.

= GIS Map of the alternative.

= Discussion of the engineering issues associated with the alternative, including geotechnical issues

* Discussion of impacts on Dischargers’ wastewater treatment process associated with implementing
each alternative.

*  Conceptual level cost estimate.

*  Conceptual Regulatory/Permitting Assessment.

= Reconnaissance-level Environmental Evaluations to “Ground-Truth” the Environmental Issues.

Task D-3 — Prepare Recommended Evaluation Criteria
Prepare a detailed list and description of recommended evaluation criteria, based on the list developed

by the Study Team. Criteria will be grouped by categories, and recommendations for weightings
presented for use in Workshop #2.

Task D-4 — Prepare and Distribute TM Packages for Workshop #2 Participants
The TMs prepared above — Conceptual Plan for each Alternative and Recommended Evaluation

Criteria — will be assembled, reproduced, and distributed to participants in Workshop #2.
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Task D-5 — Conduct Workshop #2.

This is anticipated to be a two-day workshop with the Dischargers and the Study Team. The

objectives of the workshop are:

¢ Brief the participants on the Interim Alternatives Findings.

¢ Review the Recommended Evaluation Criteria.

¢ Conduct an evaluation of the Interim Alteratives List to arrive at a short-list of three (3) preferred
alternatives, or combinations thereof for final consideration.

¢ Discuss issues associated with the short-list alternatives, identify specific data and criteria needs for
the detailed investigations of the short-list.

¢ Agree on any resulting modifications to this work plan.

Task D-7 - Prepare DRAFT Report on Workshop Findings and Recommendations
A DRAFT report documenting and summarizing the work accomplished in Workshop #2 will be

prepared and distributed to all Workshop participants for review and comment, and posted on the
LVWCC Website.

INTERIM NOTICE TO PROCEED

Following review and comment on the draft report on workshop #2, the Dishargers will issue an

interim notice to proceed for work to begin on the subsequent work in Phases I and 11

E -- SHORT-LIST ALTERNATIVE EVALUATION
The three (3) short-list alternatives that emerge from Workshop #2 will be further developed through
the preparation of preliminary engineering reports for each alternative as defined in the tasks below. A

recommendation will be made regarding which altemative plan the Dischargers should implement.
This is a DRAFT Document, and is subject to revision.
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Task E-1 — Prepare FINAL Report on Workshop #2 Findings and Recommendations
Incorporate review comments from the Dischargers and Study Team into the DRAFT short-list report

and distribute the final report to Workshop #2 participants, and posted on the LVWCC Website. This

report defines the short-listed alternatives for assessment in this stage of the project.

Task E-2 — Develop Preliminary Plan for Each Short-listed Alternative. [TMs]
A TM will be prepared for each of the three short-listed alternatives, and will include:
¢ Description of the alternative

¢ Routing alternatives, using the GIS mformation

¢ Engineering considerations

+ Resulting modifications to the Dischargers’ treatment plant processes
¢ Capital cost analysis

¢ Constructability analysis

¢ Permitting issues

¢ Environmental issues

¢ Schedule for implementation including the review and approval process

Task E-3 — Prepare Preliminary Phase II Scope, Based on_a Review of the Short-list
Alternatives. [TM]

A preliminary Phase II work plan will be prepared that describes the scope of services for short-term

and long-term environmental, scientific, and engineering studies needed to meet NEPA requirements.
This detailed work plan will identify additional studies that must be completed and describe the step
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and tasks needed to complete the NEPA process. A preliminary schedule and budget will also be
prepared.

Task E-4 — Conduct Stakeholder Interviews to Measure Stakeholder Response to the Short-
list Alternatives [TM]

A similar approach will be undertaken in surveying the stakeholders as presented in Task C-1 above.
The intention is to meet again with the same stakeholders to further discuss their responses and values

directly associated with the short list of alternatives.

Task E-5 — Perform Final Screening, Evaluation, and Recommend Implementation Plan
Report. [TM]

The Project Team will perform screening and evaluation of the short-listed altemnatives and prepare a
recommendation on an implementation plan. The evaluation and recommendation process and the

recommended implementation plan will be presented in a draft TM.

Task E-6 — Prepare and Distribute TM Packages to Dischargers, Study Team, and LVWCC.
The draft TMs prepared above Short-list Alternatives, Stakeholder Surveys, and Final Evaluation

and Recommendation -- will be assembled, reproduced, and distributed to the Dischargers, Study
Team, LVWCC, and posted on the LVWCC Website..

Task E-7 — Technical Presentation to Dishargers , Study Team, and LVWCC.
Prepare and make technical presentations to the Dischargers, Study Team, and LVWCC on the

evaluation of the short-list alternatives, findings, and recommendations on an Implementation Plan The
presentations will be done in a format to solicit feedback from the groups regarding the findings and
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recommendations. The feedback will be considered for inclusion in the final Implementation Plan
Report.

Task E-8 — Prepare Final Implementation Report.
Incorporate comments received from the Technical Presentations into the final Implementation Plan

Report. Reproduce and distribute the Final Implementation Plan as directed by Dischargers, and post
the report on the LVWCC Website.

Task E-9 — Prepare Executive Briefing Report.
Prepare an Executive Briefing Report — summarizing the project background, evaluation and selection

process, and recommended implementation plan  suitable for general distribution to a wide audience.
The report s anticipated to be an 8-1 2 x 11, color document, approximately 8 - 12 pages in length.

Produce 200 copies for Dischargers’ use.

F -- PUBLIC OUTREACH PROGRAM

Task F-1 — Public Qutreach and Education,

This task includes providing support to the Dischargers, and interfacing with the LVWCC Public
Outreach study team, in initiating a public outreach plan for the Alternative Discharge Study. It is
anticipated the Public Outreach study team will appoint a subcommittee with the specific focus of
supporting the Alternative Discharge work.
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Using available research and the stakeholder assessment findings, primary audiences will be identified,

key messages developed, and program components outlined. It is anticipated the program will fall into

the following categories:

L

¢

Community Relations ( i.e. speakers presentations)

Media Relations (i.e. prepare selected press releases and briefings, in coordination with the
LVWCC)

Interface Public Affairs with the efforts of the LVWCC public information staff and study teams.
Prepare a recommended public information program which the Dischargers may wish to implement

as the project moves forward into Phases I and III.

G -- PROJECT MEETINGS, PRESENTATIONS & BRIEFINGS

Task G-1 — Meetings

¢

Monthly Progress Meetings. Participate in the monthly Dischargers’ meetings to review Project
progress and exchange ideas and information. Prepare and post an agenda ahead of each meeting,
and prepare and post minutes following project meetings. Monthly deliverables will include:
meeting agendas and meeting minutes; updated project schedule, and an update on postings on the
PSWS, with a record copy of all documents provided to the Dischargers’ Steering Committee.
Informal Project Meetings. As required during the course of the Project, meet with the
Dischargers and/or individual Dischargers’ members to review TMs and other Project information.
Other Stakeholders. LVWCC, LMWQF, WQCAC, SWAC, etc.
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Task G-2 — Presentations and Briefings

Prepare material and/or conduct regular presentations and briefings on the project status to the
Dischargers’ Senior Staff, Councils, and/or Boards, as requested by the Dischargers.

As requested by the Dischargers, make presentations to civic and other public groups in the Las Vegas
Valley on the project, through the LVWCC Public Qutreach program.
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Las Vegas Wash Soils

By Douglas J. Merkler, Resource Soil Scientist

U.S. Department of Agriculture - Natural Resources Conservation Service
Southern Nevada Resource Area

Introduction

Las Vegas Valley covers an area of approximately 350 square miles in the southern portion of Nevada.
Las Vegas Valley extends in a northwest-southeast direction and drains toward the south through a
local system of tributary washes into Las Vegas Wash and finally into Lake Mead. The Las Vegas
Wash floodplain consists of depositional areas of ancient lake-laid siit and clay and more recent
deposits. The valley-filling process was influenced by the presence of shallow lakes during the Miocene
and during the Pleistocene. Easily eroded silt and clay beds of the Muddy Creek Formation of
Miocene age, Las Vegas Formation of Pleistocene age, and younger sedimentary deposits have been
transported, mainly by water, and deposited on gently sloping basin floors and the floodplain of the Las
Vegas Wash.

Stream flow originates from precipitation in the Valley and surrounding mountains. Stream flow in Las
Vegas Wash was measured prior to 1928 and record ephemeral flows of 1 cubic foot per second (cfs)
to present peak flows in excess of 6,000 (cfs) with perennial flows of approximately 40 (cfs).

In 1981 the major field work for the Las Vegas Valley Soil Survey was completed. Soil names and
descriptions for Las Vegas Valley including Las Vegas Wash, were approved in 1982 and published in
1985. Deposition of alluvium is continuing today. In places, intermittent flows from convection storms
and increasing perennial flows from other sources are cutting into the floodplain and forming stream
terraces. Major events in the erosion of the floodplain have been documented in the 1997 Las Vegas
Valley 208 Water Quality Management Plan, Table 6-1. This process has altered the present water
table and internal soil drainage of the soils in the Las Vegas Wash floodplain from those mapped in
1981.

Existing Information

Currently three soil types (series) are mapped in four different mapping units within the Las Vegas Wash
as part of the published 1981 field work for the Las Vegas Valley Soil Survey. While the soil moisture
status may vary from the published survey, the profiles are fundamentally the same as long as they have
not been (1) significantly eroded or removed, (2) deposited or back filled by recent alluvium (mainly
sands and pebbles) in existing channels, silts and clays along the upper floodplain. The following soils
and map units have been identified:
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Soil Map Legend
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Data relating to soil properties are collected during the course of the survey. Soil properties are
determined by field examination of the soils and by laboratory index testing of benchmark soils.
Samples taken from soil profiles were tested in the laboratory. Tests are used to verify field
observations and characterize properties that cannot be estimated accurately by field observation. Some
of the most important properties and definitions are summarized below.

Chemical Properties of the Soils
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CLAY as a soil separate consists of mineral soil particles that are less than (.002 millimeter in diameter.
In this report, the estimated clay content of each major soil layer is given as a percentage, by weight, of
the soil material that is less than 2 millimeters in diameter. The amount and kind of clay greatly affect the
fertility and physical condition of the soil. They determine the ability of the soil to adsorb cations and to
retain moisture. They influence shrink-swell potential, permeability, and plasticity, the ease of soil
dispersion, and other soil properties. The amount and kind of clay in a soil also affect tillage and
earthmoving operations.

CATION EXCHANGE CAPACITY (CEC) is the total amount of cations held in a soil in such a way
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that they can be removed only by exchanging with another cation in the natural soil solution. CEC is a
measure of the ability of a soil to retain cations, some of which are plant nutrients. Soils with low CEC
hold few cations and may require more frequent applications of fertilizers than soils with high CEC.
Soils with high CEC have the potential to retain cations, thus reducing the possibility of pollution of
ground water.

SOIL REACTION is a measure of acidity or alkalinity and is expressed as a range in pH values. The
range in pH of each major horizon is based on many field tests. For many soils, values have been
verified by laboratory anatyses. Soil reaction is important in selecting crops and other plants, in
evaluating soil amendments for fertility and stabilization, and in determining the risk of corrosion.

CALCIUM CARBONATE is the percentage by weight of calciumn carbonate in the fine-earth material,
less than 2 millimeters in size.

GYPSUM is the percentage by weight of hydrated calcium sulfates 20 millimeters or smaller in size, in
the soil.

SALINITY is a measure of soluble salts in the soil at saturation. It is expressed as the electrical
conductivity of the saturation extract, in millimhos per centimeter at 25 degrees C. Estimates are based
on field and laboratory measurements at representative sites of nonirrigated soils.

The salinity of irrigated soils is affected by the quality of the irrigation water and by the frequency of
water application. Hence, the salinity of soils in individual fields can differ greatly from the value given in
the report. Salinity affects the suitability of a soil for crop production, the stability of soil if used as
construction material, and the potential of the soil to corrode metal and concrete.

SODIUM ADSORPTION RATIO (SAR) expresses the relative activity of sodium ions in exchange
reactions in the soil. SAR is a measure of the amount of sodium relative to calcium and magnesium in
the water extract from saturated soil paste.

PHYSICAL PROPERTIES OF SOILS

(Entries under "Erosion factors—T" apply to the entire profile. Entries under "Wind erodibility group"”
and "Wind erodability index" apply only to the surface layer)
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CLAY as a soil separate consists of mineral soil particles that are less than (.002 millimeter in diameter.
In this report, the estimated clay content of each major soil layer is given as a percentage, by weight, of
the soil material that is less than 2 millimeters in diameter. The amount and kind of clay greatly affect the
fertility and physical condition of the soil. They determine the ability of the soil to adsorb cations and to
retain moisture. They influence shrink-swell potential, permeability, plasticity, the ease of soil dispersion,
and other soil properties. The amount and kind of clay in a soil also affect tillage and earthmoving
operations.

MOIST BULK DENSITY is the weight of soil (ovendry) per unit volume. Volume is measured when
the soil is at field moisture capacity, the moisture content at 1 3 bar moisture tension. Weight is
determined after drying the soil at 105 degrees C. In this report, the estimated moist bulk density of
each major soil horizon is expressed in grams per cubic centimeter of soil material that is less than 2
millimeters in diameter. Bulk density data are used to compute shrink-swell potential, available water
capacity, total pore space, and other soil properties. The moist bulk density of a soil indicates the pore
space available for water and roots. A bulk density of more than 1.6 can restrict water storage and
root penetration. Moist bulk density is influenced by texture, kind of clay, content of organic matter,
and soil structure.

PERMEABILITY refers to the ability of a soil to transmit water or air. The estimates indicate the rate
of downward movement of water when the soil is saturated. They are based on soil characteristics
observed in the field, particularly structure, porosity, and texture. Permeability is considered in the
design of soil drainage systems, septic tank absorption fields, and construction where the rate of water
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movement under saturated conditions affects behavior.

AVAILABLE WATER CAPACITY refers to the quantity of water that the soil is capable of storing for
use by plants. The capacity for water storage is given in inches of water per inch of soil for each major
soil layer. The capacity varies, depending on soil properties that affect the retention of water and the
depth of the root zone. The most important properties are the content of organic matter, soil texture,
bulk density, and soil structure. Available water capacity is an important factor in the choice of plants or
crops to be grown and in the design and management of irrigation systems. Available water capacity is
not an estimate of the quantity of water actually available to plants at any given time.

SHRINK-SWELL POTENTIAL is the potential for volume change in a soil with a loss or gain of
moisture. Volume change occurs mainly because of the interaction of clay minerals with water and
varies with the amount and type of clay minerals in the soil. The size of the load on the soil and the
magnitude of the change in soil moisture content influence the amount of swelling of soils in place.
Laboratory measurements of swelling of undisturbed clods were made for many soils. For others,
swelling was estimated on the basis of the kind and amount of clay minerals in the soil and on
measurements of similar soils. If the shrink-swell potential is rated moderate to very high, shrinking and
swelling can cause damage to buildings, roads, and other structures. Special design is often needed.
Shrink-swell potential classes are based on the change in length of an unconfined clod as moisture
content is increased from air-dry to field capacity. The change is based on the soil fraction less than 2
millimeters in diameter. The classes are "Low," a change of less than 3 percent; "Moderate," 3 to 6
percent; and "High," more than 6 percent. "Very high," greater than 9 percent, is sometimes used.

ORGANIC MATTER is the plant and animal residue in the soil at various stages of decomposition. In
report PHY SICAL PROPERTIES OF SOILS, the estimated content of organic matter is expressed as
a percentage, by weight, of the soil material that is less than 2 millimeters in diameter. The content of
organic matter in a soil can be maintained or increased by returning crop residue to the soil. Organic
matter affects the available water capacity, infiltration rate, and tilth. It is a source of nitrogen and other
nutrients for crops.

EROSION FACTOR K. indicates the susceptibility of the whole soil (including rocks and rock
fragments) to sheet and rill erosion by water. Factor K is one of six factors used in the Universal Soil
Loss Equation (USLE) to predict the average annual rate of soil loss by sheet and rill erosion in tons per
acre per year. The estimates are based primarily on percentage of silt, sand, and organic matter (up to
4 percent) and on soil structure and permeability. Values of K range from 0.05 to 0.69. The higher the
value, the more susceptible the soil is to sheet and rill erosion by water.

EROSION FACTOR Kf is like EROSION FACTOR K but it is for the fine-earth fraction of the soil.
Rocks and rock fragments are not considered.
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EROSION FACTOR T is an estimate of the maximum average annual rate of soil erosion by wind or
water that can occur without affecting crop productivity over a sustained period. The rate is in tons per
acre per year.

WIND ERODIBILITY GROUPS are made up of soils that have similar properties affecting their
resistance to wind erosion in cultivated areas. The groups indicate the susceptibility of soil to wind
erosion. Soils are grouped according to the following distinctions:

L.

Coarse sands, sands, fine sands, and very fine sands. These soils are generally not suitable for
crops. They are extremely erodible, and vegetation is difficult to establish.

Loamy coarse sands, loamy sands, loamy fine sands, loamy very fine sands, and sapric soil
material. These soils are very highly erodible. Crops can be grown if intensive measures to control
wind erosion are used.

Coarse sandy loams, sandy loams, fine sandy loams, and very fine sandy loams. These soils are
highly erodible. Crops can be grown if intensive measures to control wind erosion are used.

4L. Calcareous loams, silt loams, clay loams, and silty clay loams. These soils are erodible. Crops can

>

be grown if intensive measures to control wind erosion are used.

Clays, silty clays, noncalcareous clay loams, and silty clay loams that are more than 35 percent clay.
These soils are moderately erodible. Crops can be grown if measures to control wind erosion are
used.

Noncalcareous loams and silt loams that are less than 20 percent clay and sandy clay loamns, sandy
clays, and hemic soil material. These soils are slightly erodible. Crops can be grown if measures to
control wind erosion are used.

Noncalcareous loams and silt loams that are more than 20 percent clay and noncalcareous clay
loams that are less than 35 percent clay. These soils are very slightly erodible. Crops can be grown
if ordinary measures to contro! wind erosion are used.

Silts, noncalcareous silty clay loams that are less than 35 percent clay, and fibric soil material.
These soils are very slightly erodible. Crops can be grown if ordinary measures to control wind
erosion are used.

Soils that are not subject to wind erosion because of coarse fragments on the surface or because of
surface wetness.
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The WIND ERODIBILITY INDEX is used in the wind erosion equation (WEQ). The index number
indicates the amount of soil lost in tons per acre per year. The range of wind erodibility index numbers
is 0 to 300.
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Hydrologic soil groups are used to estimate runoff from precipitation. Soils not protected by vegetation
are assigned to one of four groups. They are grouped according to the infiltration of water when the
soils are thoroughly wet and receive precipitation from long-duration storms. The four hydrologic soil
groups are:

¢ Group " A". Soils having a high infiliration rate (low runoff potential) when thoroughly wet, These
consist mainly of deep, well drained to excessively drained sands or gravelly sands. These soils
have a high rate of water transmission.

¢ Group "B". Soils having a moderate infiltration rate when thoroughly wet, These consist chiefly of
moderately deep or deep, moderately well drained or well drained soils that have moderately fine
texture to moderately coarse texture. These soils have a moderate rate of water transmission.

¢ Group "C". Soils having a slow infiltration rate when thoroughly wet. These consist chiefly of soils
having a layer that impedes the downward movement of water or soils of moderately fine texture or
fine texture. These soils have a slow rate of water transmission.

¢  Group "D". Soils having a very slow infiltration rate (high nunoff potential) when thoroughly wet.
These consist chiefly of clays that have a high shrink-swell potential, soils that have a permanent high
water table, soils that have a claypan or clay layer at or near the surface, and soils that are shallow
over nearly impervious material. These soils have a very slow rate of water transmission.
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If a soil is assigned to two hydrologic groups in this report, the first letter is for drained areas and the
second is for undrained areas. Flooding, the temporary inundation of an area, is caused by overflowing
streams, by runoff from adjacent slopes, or by tides. Water standing for short periods after rainfall or
snowmelt is not constdered flooding, nor is water in swamps and marshes. This report gives the
frequency and duration of flooding and the time of year when flooding is most likely. Frequency,
duration, and probable dates of occurrence are estimated.

Frequency is expressed as "None", "Rare", "Occasional”, and "Frequent”. "None" means that flooding
is not probable; "Rare" that it is unlikely but possible under unusual weather conditions; "Occasional”
that it occurs, on the average, once or less in 2 years; and "Frequent” that it occurs, on the average,
more than once in 2 years.

Duration is expressed as "Very brief" if less than 2 days, "Brief" if 2 to 7 days, "Long" if 7 to 30 days,
and "Very long" if more than 30 days. The information is based on evidence in the soil profile, namely
thin strata of gravel, sand, silt, or clay deposited by floodwater; irregular decrease in organic matter
content with increasing depth; and absence of distinctive horizons that form in soils that are not subject
to flooding. Also considered are local information about the extent and levels of flooding and the
relation of each soil on the landscape to histeric floods.

High water table (seasonal) is the highest level of a saturated zone in the soil in most years. The depth
to a seasonal high water table applies to undrained soils. The estimates are based mainly on the
evidence of a saturated zone, namely grayish colors or mottles in the soil. Indicated in this report are the
depth to the seasonal high water table; the kind of water table, that is, "Apparent", "Artesian", or
"Perched"; and the months of the year that the water table commonly is high. A water table that is
seasonally high for less than 1 month is not indicated in this report.

An "Apparent" water table is a thick zone of free water in the soil. It is indicated by the level at which
water stands in an uncased borehole after adequate time is allowed for adjustment in the surrounding
soil.

An "Artesian" water table exists under a hydrostatic beneath an impermeable layer. When the
impermeable layer has been penetrated by a cased borehole, the water rises. The final level of the
water in the cased borehole is characterized as an artesian water table.

A "Perched" water table is water standing above an unsaturated zone. In places an upper, or
"Perched", water table is separated from a lower one by a dry zone. Only saturated zones within a
depth of about 6 feet are indicated.

Ponding is standing water in a closed depression. The water is removed only by deep percolation,
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transpiration, evaporation, or a combination of these processes.

This report gives the depth and duration of ponding and the time of year when ponding is most likely.
Depth, duration, and probable daies of occurrence are estimated.

Depth is expressed as the depth of ponded water in feet above the soil surface. Duration is expressed
as "Very brief" if less than 2 days, "Brief" if 2 to 7 days, "Long" if 7 to 30 days, and "Very long" if more
than 30 days. The information is based on the relation of each soil on the landscape to historic ponding
and on local information about the extent and levels of ponding.

Existing Issues

The Las Vegas Valley Soil Survey mapped the physical condition of the Las Vegas Wash as it existed
in 1981. Las Vegas Wash is a dynamic stream system which is no longer in equilibrium. Properly
functioning equilibrium in a stream system is a balance between sediment erosion and sediment
deposition. This imbalance in the Las Vegas Wash occurs when high peak flows remove more
sediment than is deposited during low flows. The pressure of urbanization has resulted in reduced area
of the floodplain and increased channel] flow. Dissection of the existing floodplain concentrates channel
flows, reduces retention times, minimizes spreading of water on the floodplain, and drains existing
ground water into adjacent channels.

The hydrogeology and available water supply of the Valley have been well documented. Exemplary
work includes (Domenico et al., 1964), (Kaufiann 1977), and (Malmberg 1965). Based on numerous
geotechnical studies performed in the Valley, and specific research by Kaufinann (1977), groundwater
is within 50 feet of the surface over one-half of the Valley. Depth to groundwater is less than 15 feet
along Las Vegas Wash and in the center of the Valley. Permanent construction dewatering systems have
been installed near Las Vegas Wash, and contribute to the recharge of the shallow ground water
system. With a modification of the current shallow ground water table, potential impacts to adjacent
commercial and residential sites need to be evaluated.

Hydrocollapsible soils occur along the length of the Las Vegas Wash north of Duck Creek. The
majority of the porous fine-grained soils were presumably deposited in a playa environment at a time
when portions of the Las Vegas Valley were an enclosed basin. When extemal drainage developed and
erosion in the Valley increased, the saturated, generally under-consolidated, fine-grained soils rapidly
dried out. Thus in a short time, the water content decreased several-fold with little change in porosity.
Upon inundation these porous soils exhibit markedly reduced strength and hydrocollapse. The
mechanism of hydrocollapse is described by Clemence (1981). Briefly, addition of water weakens the
binding agent (i.e. silt, clay and/or capillary tension), resulting in collapse of the porous honeycomb
structure.
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Gypsiferous deposits occur as evaporite beds within the Las Vegas Wash floodplain. The Bracken soil
is significantly high in gypsum. Potential distress to structures within the floodplain caused by rising
ground water and dissolving of gypsiferous foundational materials could result in collapse of the soil
matrix. As water percolates through gypsiferous soils it leaches soluble gypsum from the soil matrix,
thereby increasing its void ratio with an accompanying decrease in strength

Expansive, water-soluble salts are responsible for over five million dollars worth of property damage in
the Valley (DiSanza 1973). Mirabilite Na;SO,.10H,0 and its anhydrous form Thenardite (Na,SOy)
are the primary salts associated with chemical heave. These highly soluble salts are transported in
solution to low-lying poorly drained areas. The Land soil has a high potential for these salts in the upper
six to twelve inches, where they are deposited as evaporites. Chemical heave research has been limited
to work by Blaser(1978). Apparently, the solubility of sodium sulfate in water decreases with
decreasing temperatures. Thus, as the temperature drops during the night, sodium sulfate crystallizes out
of solution. Concurrently, as temperatures drop below 90.3 degrees Fahrenheit, the anhydrous
Thenardite imbibes up to 10 molecular weights of water as it hydrates to Mirabilite. The molecular size
of Mirabilite is 400 times its anhydrous form. The combination of crystallization and hydration produces
pressures within the soil matrix, and the soil expands. DiSanza (1973) reports swelling pressures as
much as 2,300 pounds per square foot, with 300 pounds per square foot common. Any structures
within the Las Vegas Wash floodplain should have an on-site evaluation for the presence of expansive
water-soluble salts.
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Current Land Use Plans and Reports
Relating to the Las Vegas Wash

Clark County Regional Flood Control District Master Plan

The Clark County Regional Flood Control District (CCRFCD) was formed in 1985 by legislative
action, to address increasingly damaging flood flows to Clark County caused by storm events.
The CCRFCD Master Plan is updated periodically to accommodate many land use changes that
take place. It includes an explanation of each watershed in Clark County, as well as descriptions
of land use, facilities, soil, and topographic data. The Master Plan also includes the proposed
construction plan for flood control facilites. The implementation element of the Master Plan
includes a ten-year plan, a five-year plan, and a current construction plan. Projects are
prioritized for construction according to ten ranking criteria ranging from public safety to
environmental factors.

Clark County Wetlands Park Master Plan

In 1985, County Commissioners adopted the Clark County Wetlands Park Master Plan.
Although adopted, the Master Plan was not implemented at that time due to lack of funding. In
1990, a state bond issue was approved which allowed for the provision of $13.3 million toward
implementation of the Master Plan. However, due to the dynamic and ever-changing nature of
the Wash, the Master Plan as originally written was not be implemented. A new Master Plan
was generated. In 1995, County Commissioners adopted the new plan, and Clark County Parks
& Recreation has begun implementation of various components identified in the Master Plan

Clark County 208 Water Quality Management Plan

The Clark County 208 Water Quality Management Plan was recently amended by County
Commissioners in 1997. The document outlines water quality strategies for compliance under
the Clean Water Act for a period of twenty years. Elements considered in the plan include
population, water resources, air quality relating to assessment of wastewater conditions, non-
point source conditions, reuse and reclamation opportunities, etc.

Las Vegas Watershed & Wastewater Needs Assessment Study

In 1997, Valley wastewater discharging agencies conducted the Las Vegas Watershed &
Wastewater Needs Assessment Study, to determine future wastewater related needs. The study
evaluated existing conditions, projected future conditions, and provided development of
alternatives to meet future conditions.

Las Vegas Valley Stormwater Quality Management Committee

The Las Vegas Valley Stormwater Quality Management Committee provides a report each year
detailing the findings of monitoring and sampling efforts required under the Las Vegas Valley
NPDES Municipal Stormwater Discharge Permit. The 1997-1998 Annual Report outlines
program requirements and recommended changes for the following permit year.
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Las Vegas Wash Coordination
Committee

Stakeholder Interview Results

Prepared By:
Alpha Communications

Katz & Associates
February, 1999



Executive Summary

The Process

During the months of December 1998 and January 1999, a comprehensive stakeholder interview
process was undertaken to determine perceptions and opinions and identify themes, trends and
issues surrounding the Las Vegas Wash. Information was gathered from a total of 80 interviews
conducted with representatives of the Las Vegas Wash Coordination Committee and elected and
appointed, local and state public officials. During these informal interviews, stakeholders were
asked their opinions on the most important issues facing the Las Vegas Wash, benefits of the
program, obstacles facing the program, projects that should be accomplished in the Wash and how
the success of the program will be measured.

Our Findings

The information gathered from this process will allow the Las Vegas Wash Coordination
Committee to understand current knowledge of the Las Vegas Wash and related issues, gather
suggestions on the development of a comprehensive management program - which includes a
public outreach plan - and develop a common definition of the problem. This research also helps to
outline the similarities and differences that exist between the two groups interviewed.

The results of this interview process confirm that stakeholders recognize the need for a
comprehensive management program for the Las Vegas Wash. Both groups agreed that four major
issues facing the Las Vegas Wash: erosion control, funding, public outreach and water quality are
the top priorities. Stakeholders shared the opinion that water quality is a critical concern, but
funding remains the biggest potential obstacle Coordination Committee members could face in
implementing the program. Both groups agree that public outreach and involvement are key to the
success of the efforts of the Las Vegas Wash Coordination Committee.

While stakeholders agreed on the importance of the project and the major issues facing
implementation of the program, they did differ on some points. For instance, erosion control ranked
much higher with Coordination Committee members than public officials and, while water quality
ranked as the highest benefit for the public officials, Committee members felt that the greatest
benefit the project will provide is recreational opportunities.

The Results

The results of the research have helped to identify the biggest challenges facing the Las Vegas
Wash Coordination Committee including the identification of a common goal and problem
statement, the inclusion of the key issues in the comprehensive management program, the
identification and involvement of the key publics and the demonstration of progress. The issues
raised throughout this report will not only help the Las Vegas Wash Coordination Committee create
a comprehensive management program for the Wash, but also develop an effective public outreach
and education effort.
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Public Outreach
Program

Las Vegas Wash

Coordination Committee

Situation Analysis ~

The Las Vegas Wash, located in the southeast-
ern part of the Las Vegas Valley, channels water
into Lake Mead from three wastewater treat-
ment plants, irrigation runoff, storm water
channeled through the stormwater system and
tributary washes, and the adjacent shallow
ground water system. In previous decades, the
moderate water flows created 2 wetlands area in
the upper reaches of the wash encompassing
approximately 2,000 acres. Some believe these
wetlands enhanced water quality.

However, Southern Nevada’s rapid growth has
caused wastewater flows to increase dramati-
cally in the past decade. Although effluent 1s
treated to Clean Water Act standards, the
increased wastewater flows saturate the chan-
nel, making the wash more susceptible to
significant soil erosion during storm events. This
also results in increased Total Suspended Solids
(TSS) entering Las Vegas Bay.

Further complicating matters is the presence of
perchlorate, a salt used as an oxidizing agent in
solid rocket fuel, in the Las Vegas Wash. Ac-
cording to reports submitted to the Nevada
Division of Environmental Protection (NDEP)
by the two companies that manufactured pet-
chlorate in Southern Nevada, this man-made
salt appears to be flowing into the wash from an
adjacent industrial site via ground water sys-
tems. While perchlorate is not regulated by the
EPA, the California Department of Health

Services has established an action level for the
salt at 18 parts per billion (ppb) due to concerns
about its potential to affect the thyroid at high
levels. A recent report by the Environmental
Protection Agency (EPA) indicated that the 18
ppb figure may be too conservative. As of
January 1999, perchlorate levels in water drawn
from Lake Mead have been below the detection
limit of 4 ppb. However, environmental groups
and officials from state and federal agencies
consider remediation of this chemical a top

priority.

Other pollutants, such as household cleaners
and pesticides, also enter the wash via home
drains, storm water and runoff flows. Concerns
relating to these contaminants stem more from
secondary health issues such as consumption of
contaminated fish than from direct exposure.
Nevertheless, they remain important issues that
are likely to be addressed by the Las Vegas
Wash Comprehensive Adaptive Management
Plan.

In 1997, the Southern Nevada Water Authority
(SNWA) formed the Water Quality Citizens
Advisory Committee. This panel, which was
established to provide a public forum through
which residents could voice concerns and
suggestions relating to water quality issues,
developed nine specific recommendations that
were accepted by the SNWA Board of Directots
in July 1998. One of those recommendations,
which s included verbatim below, specifically
addresses the development of a Las Vegas Wash
Comprehensive Adaptive Management Plan.

Recommendation:

1. The Southern Nevada Water Authority
should take the lead in developing a2 com-
prehensive plan for managing the Las Vegas
Wash. The plan should address the recom
mendations of the WQCAC and any related
recommendations from the Lake Mead
Water Quality Forum.




2. The comprehensive plan should be 2
consensus-based document prepared jointly
with stakeholder groups and agencies,
including providing opportunities for sub-
stantial public involvement as well as input
from the WQCAC. Drafts of the plan
should be provided to the Lake Mead Water
Quality Forum and WQCAC for input.

3. The plan should address such aspects as
implementation, existing institutional
mechanisms to perform work, or the need
for additional authorities. Where appropri-
ate, the Southern Nevada Water Authority
should solicit input (for example, using a
request for proposal) to aid in development
of the plan. The plan should also address
funding considerations. Any responses to
requests for proposals should be provided to
the Lake Mead Water Quality Forum and
WQCAC for input.

4, The Southern Nevada Water Authority
should begin assessing the need to approach
the 1999 Nevada Legislature for additional
authorities or funding to support develop-
ment and implementation of a comprehen-
sive management plan for the Las Vegas
Wash. Where possible, the support and
input of the Southern Nevada Strategic
Planning Authority should be solicited.

In accepting these recommendations, the SNWA
board accepted responsibility for coordinating
the development of a management plan for the
Las Vegas Wash, a massive effort for which the
organizational structure is currently being
developed. In so doing, it also accepted the
mnherent responsibility for coordinating the
planning and execution of public outreach
activities designed to keep residents apprised of
progress and issues and provide 2 forum for
public comnment. This document represents the
underpinnings of that process. It will be ex-
ecuted with the input and under the direction of
the Las Vegas Wash Coordination Committee’s
public outreach study team.

Issues & Opportunities ~

Although flows from the Las Vegas Wash
account for less than 2 percent of the water in
Lake Mead, the high-profile nature of environ-
mental and health issues relating to the Wash
and occasionally incomplete media accounts of
those issues have created the perception of a
much stronger link between Las Vegas Wash
water quality and the safety of drinking water.

While this misperception presents certain
challenges, it also creates an opportunity to
dramatically improve public perception about
drinking water through the dissemination of
information relating to activities directed
toward improving water quality in the Wash.
That is to say, while it is extremely difficult to
significantly improve water quality in the en-
tirety of Lake Mead because of the sheer
volume involved (also, Lake Mead is by national
standards a clean water source), the natural
tendency of the public is to extrapolate condi-
tions in the Las Vegas Wash to Lake Mead.
Therefore, although improving water quality in
the wash will have only a modest effect on Lake
Mead as a whole, 1t may have an enormous
impact on the public perception of Lake Mead’s
water quality.

It should be noted that, from a perception
standpoint, the development of this Las Vegas
Wash Comprehensive Adaptive Management
Plan is at once a great opportunity and a great
threat. In general, the public has relatively little
understanding or appreciation for the amount of
planning and coordination necessary to under-
take a project of this magnitude. While public
information efforts aimed at explaining the
plan’s development process may be marginally
effective, nothing will satisfy the public’s desire
for progress except tangible, measurable results.
The importance of implementing visible im-
provement projects within the most expedient
feasible timeline cannot be overstated.

Public Outreach Program - Page 2



Communications Objectives ~

When dealing with subject matter as complex as
addressing environmental issues in a water body
affected by multiple sources, it is essential to
focus on the major elements rather than risk
confusing the audience with the intricacies of
individual components. It is also important that
people understand that their input is extremely
valuable in the development of solutions.

With those two strategic goals in mind, the
communications objectives are as follows:

~ Impart a greater understanding of the issues
surrounding the Las Vegas Wash and tribu-
taries, placing the environmental signifi-
cance of the Wash in context to its potential
to affect water quality.

~ Apprise the public of progress relating to
execution of the management plan

~ Emphasize the value and availability of
public participation forums and the SNWA'
receptiveness to public mnput

In other words, we must tell people what needs
to be done, keep them informed every step of
the way, and give them the opportunity to
participate and voice their opinions.

Core Messages ~

Too often, public information efforts become so
focused on the process of communicating that
they neglect to sufficiently define the message.
In addition to being clear and specific, the core
messages should also reflect the communication
objectives. The core messages for these out-
reach efforts are:

~ The members of the Las Vegas Wash Coor-
dinatton Comunittee are actively addressing
environmental issues through the develop-
ment of 2 comprehensive management plan.

~ Las Vegas Wash Coordination Committee
members encourage the public to provide
input about efforts being undertaken on
behalf of the Las Vegas Wash.

It is important to recognize that the above
messages are intended for the majority, rather
than for individuals whose views and objectives
may diverge radically from those of the general
public. There are a certain number of people
who will not be satisfied until the Las Vegas
Wash contains only hydrogen and oxygen,; this
plan is not intended to address their goals as
they are both unrealistic and, in many cases,
undesirable. This public information program,
through the core messages indicated above, is
designed to impart to Southern Nevadans an
understanding that the agencies involved with
the Las Vegas Wash view its protection as
important, share their concerns, and are actively
working to improve environmental conditions in
that area.

Target Audiences ~

The Las Vegas Wash management plan is a rare
occurrence in which the public outreach compo-
nent specifically precludes addressing special
interest or sub-groups. It is essential that the
program be sufficiently sweeping and general in
nature as to avoid creating either the perception
or reality of favoring any one group or indi-
vidual in terms of input or receipt of informa-
tion. That being said, the depth of information
may vary among groups. For instance, a media
representative may require information consid
erably more technical or detailed than would be
feasible to convey to the public at large. It
should be noted that special consideration is
being given to regional stakeholders because of
additional measures required to communicate

with this group.
Strategies ~

There are two issues driving the communica-
tions strategies for this outreach program. First,

Public Outreach Program - Page 3



the public wants results, and it wants themn
soon. Second, in general, people want the right
to participate, even if they choose not to exer-
cise that right. To support the overall communi-
cations objectives, the outreach strategies must:

~ Underscore the activities being undertaken
toward the protection of the Las Vegas
Wash

~ Provide the public ample opportunities to
offer comments and actively participate in
the development process

Tactics ~

Because management of the Wash is an ongoing
program, a limited number of highly effective
tactics will both communicate the core mes-
sages and establish a consistent vehicle for
those messages. In a long-term program such as
this, conducting regular, visible information
activities may be more conducive to public
acceptance than generating an initial “big
splash.” Put another way, the pacing and
method utilized to communicate the messages
are nearly as important as the messages them-
selves. For that reason, a number of specific
tactics have been included below. These tactics
have been described in some detail to accurately
convey their design; however, the public out-
reach study team is open to discussing indi-
vidual components and addressing any ex-
pressed concerns with the tactics as outlined.

Project Milestone News Releases - The
public, and even to some extent the media, will
be patient with the management plan’s develop
ment as long as they sense progress is being
made. While physical construction is the most
visible form of progress, there are myriad other
milestones both within the overall umbrella and
within the sub-projects that can and should be
publicized. These releases will also be distrib-
uted to published industry newsletters.

Particgpants:  LVWCC Public QOutreach Team

Frequency: Based on viable
opportunities

Potential near-term topics:  lwwash.org Web Site
launch

Public meetings/info.
fairs begin

Grade control struc
ture constructon

begins

Las Vegas Wash & Wetlands Clean-Up

This event was very successful in its initial year,
drawing hundreds of participants and thousands
of passers-by. In addition to creating a positive
visual presence, the event raises public aware
ness of the Las Vegas Wash and what 1s being
done to improve it from a poliution standpoint.
In conjunction with the grass roots Friends of
the Desert Wetlands organization, efforts should
be made to build upon the success of the 1998
event.

Participants: LVWCC Public Outreach Team
Erequency: Annual
Activities: Promotion

~ Media calendar notices
~ Media advisory
~ Media pitches
Advertising/Public Notice
~ Notice in internal/external
publications
~ Notice in public facilities
Execution
~ Media tours
~ Collateral materials
~ Exhibit booths
~ Commetnorative items
Post-event publicity
~ News release
~ Segment for video
news program
~ Article for internal/
external publications
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Water Information Fairs - Public information
fairs focusing on all aspects of water are cur-
rently being developed. Materials depicting the
issues surrounding the wash would help convey
a baseline understanding of the management
plan’s objectives to the public.

Particpants:  LVWCC Public Outreach Team
Frequency: Variable (based on existing

outreach opportunities)
Activities: Promotion

~ Media calendar notices
~ Media advisory
~ Media pitches
~ Notice in internal/external
publications
~ Notice in public facilities
Execution
~ Set/strike
~ Video presentations
~ Informational materials
~ Staff interaction
Post-event publicity
~ Segment for video news
program
~ Article for internal/external
publications

Speakers Bureau - In conjunction with the
existing speakers bureau program, a special
presentation will be developed which will
provide audiences an overview of the issues
related to the Las Vegas Wash and the scope of
the management plan. This affords the project
management team an opportunity to hold an
open discourse with members of the community
s0 as to determine their concerns and provide
timely information.

Participants: LVWCC Public Outreach Team
Fregquency: To be determined by interest
Activities: Promotion

~ Solicitation letters (SNWA)
~ Notice in internal/external
newsletters
Execution
~ Set/strike (SNWA only)

~ A/V support (SNWA only)
~ Presentation development
(SNWA only)
~ Speaker
~ Collateral materials
Post-event publicity
~ Article in internal/external
publications
Target Audiences:
~ Environmental groups
~ Civic organizations
~ Business organizations
~ Large businesses/employee
meetings
~ Senior citizen organizations

Public Scoping Meetings - It is essential that
the public have a voice in matters relating to the
Las Vegas Wash, However, incorporating public
sessions into work group meetings could unnec-
essarily slow the development process, which
would undermine the project’s expediency. For
that reason, it is advisable to conduct indepen-
dent scoping meetings under the direction of
the work group coordinator.

Participants:  LVWCC Public Outreach Team
Frequency: Variable (TBD by Coordination
Committee subgroups)
Activities: Promotion
~ Internal/external publica-
tions

~ Notice in public facilities

~ Paid media announcements

~ Media calendar notices

~ Printed notices in public

buildings

~ Media advisory

~ Media pitches
Execution

~ Set/strike

~ Scheduling facilitator

~ Collateral materials

~ Visual presentations

~ Staff support
Post-meeting publicity

~ News release
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~ Article in internal/external
publications
~ Segment in video news

program

Las Vegas Wash “Familiarization Trips” -
This tactic represents the “depth of informa
tion” referenced in the Target Audience section
of this document. Key constituents should be
led on tours of the Las Vegas Wash early in the
process. Their personal observations will help
underscore the project’s urgency and establish a
vivid “before” picture, thereby increasing their
perspective on progress. Visiting the wastewater
treatment facilities will also increase their
understanding of mitigating factors in the wash.
These tours should be renewed upon comple-
tion of major “milestone” accomplishments.

Participants: Las Vegas Wash Project Team

Freguency: Variable (contingent on mile
stones)

Activities: Promotion

~ Letters of invitation
~ Follow-up calls
Execution
~ Scheduling
~ Transportation arrangements
~ Collateral materials
~ Staff guides
Post-event activities
~ “Thank you” letters to
participants
Audiences
~ Media - Environmental
reporters (all local outlets)
~ Medsa - Editorial staff
(editors, assignment editors)
~ SNWA Board of Directors
~ Local elected officials
~ SNWA member agencies
{administration)
~ SNWA member agencies
(PI staff)

Media briefings - Whereas the working media
will be inundated with information about the

Las Vegas Wash Comprehensive Adaptive
Management Plan and associated activities,
editorial board representatives are frequently
placed 1n the position of taking a position on an
issue without full knowledge of all relevant
factors. These briefings would serve to impart
an understanding of the issues at stake and a
general knowledge of how implementation of
the management plan will affect those issues. It
will become increasingly important that the
member agencies coordinate so as to present a
united position on the Wash. The existing public
information communication channels should
suffice to keep the various entities apprised of
media inquiries relating to this topic.

Participants:  LVWCC Public Qutreach Team
Freguency: Annual
Activities: Promotion

~ Letters of invitation
~ Follow up calls
Execution
~ Scheduling
~ Audio-visual presentation
~ Collateral materials
Post-event activities
~ “Thank you” letters to
attendees
Audiences
~ Media - Editorial boards
(all local outlets)

Stakeholder awareness briefings - Employees
are ambassadors, whether on the front lines of
customer service or in the engineering bunkers.
Friends, neighbors, and even strangers on the
street often expect them to be apprised of
situations that may in fact have nothing to do
with their scope of work. If the LVWCC is to
establish a united position on the Las Vegas
Wash, it is imperative that employees of partici-
pant entities have at least a general understand-
ing of the wash and issues surrounding it. Many
of these entities already have a variety of
vehicles for disseminating that information;
steps will be taken to assist entities with their
employees on an as-needed basis.
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Participants:  LVWCC Public Outreach Team
Freguency: Annual
Activities: Promotion

~ Notice in internal newsletters
~ Notice in break areas
~ Announcement by depart
ment managers
Execution
~ Scheduling
~ Audio-visual presentation
~ Collateral materials
~ Feedback mechanism
Post-event activities
~ Article in intetnal publications
~ Responses to individual
questions/concerns

Water Quality Reports - Water purveyors
responsible for distributing 2 Consumer Confi-
dence Report will include information about
efforts being undertaken by the Las Vegas Wash
Coordinatton Committee. This text will be
included m either the Source Water section or in
another area as deemed appropriate by the
purveyor.

Participation:  All water purveyors
Frequency: Annual
Activities: Promotion
~ Article in external newsletters
Execution

~ Copy writing
~ Graphic design/layout

Lobby Displays Text/graphic panels can be
produced for use at member agencies’ public
facilites, libraries, etc. They will be updated
periodically to reflect the LVWCC's current
activities.

Participants: ~ LVWCC Public Outreach Team
Frequency: Ongoing
Activities: Execution

~ Copy writing

~ Graphic design/layout
~ Production
~ Distribution

The “Current” Newsletter - Stakeholder
interviews have indicated that those people
with an interest in the Las Vegas Wash and the
comprehenstve management plan’s development
would like to be apprised of the LVWCC’s

progress.

Therefore, it is recommended that the project
coordination team, in conjunction with the
public outreach study team, write and distribute
a quarterly newsletter to provide community
leaders, elected officials, and other interested
members of the public curtent information
about LVWCC activities.

Particgpants:  LVWCC Public Outreach Team
Freguency: Quarterly
Activities: Execution

~ Copy writing

~ Production of graphics
~ Printing

~ Database development
~ Distribution

LVWCC Web site - Increasingly popular
Internet technology will allow interested citi
zens access to the most current information
available and provide a forum for feedback
and/or discussion of key issues.

Participation:  Las Vegas Wash Project Team
Freguency: Ongoing
Activities: Promotion

~ Media advisory

~ Notices in internal/external
publications.

~ Hyperlinks in related
websites

Execution

~ Copy writing

~ Graphic design/layout

~ Information systems
support

Interested Regional Stakeholder Qutreach -
Because water from the Colorado River is a
shared resource, there is considerable interest in
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the Las Vegas Wash outside Southern Nevada.
Potential additional stakeholder groups include
downstream American Indian tribes and officials
from Anizona and California. Their lack of
proximity to Southern Nevada mandates that
additional outreach efforts be used to communi-
cate current information.

Participation: ~ Las Vegas Wash Project Team
Freguency: Ongoing
Activities: Promotion
~ Qutreach letter
~ Notice of meetings
Execution
~ Information packet
~ Distribution of news
releases, bulleting
~ Feedback mechanism

Children’s Educational Program — An impor-
tant aspect of public outreach is education. The
Children’s Educational Program is designed to
teach children about the significance of the Las
Vegas Wash as a natural resource; water quality
and the monitoring process.

Participation:  Las Vegas Wash Project Team
Freguency: To be determined by interest
Execution
~ Presentation development
~ Collateral material
~ Staff support
Target audiences
~ Schools
~ Libraries
~ Community centers
~ Youth groups
Post Event Publicity
~ Article internal/external
publications

Effective 11730/ 99
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DRAFT
Las Vegas Wash Coordination Committee Funding Request

to the
FUNDING STUDY TEAM

Date Submitied:

Request Submitted by:

Project Name:

Project Description:

Project Timeline:

Start date:

End date:

Funding Requirements:

Estimated Total Cost:

Estimated Annual Cost:

Possible Funding Sources:
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Figure ES-8
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FEASIBLE ALTERNATIVES

ach of the three feasible alternatives were further
eveloped and evaluated with respect to each Dis
hargers’ future needs and relative impact

Discharge Requirements

Discharge requirements applicable to each alterna-
tive are presented in Table ES-7

Capacity Requirements

Capacity phasing requirements were provided by
each Discharger. To provide the prescribed level of
treatment for each alternative, each of the Discharg-
ers’ facilities will require capacity upgrades in three
or four phases The first phase for each Discharger
consist of upgrade for treatment level and capac-

ity improvements to the existing facilities necessi
tated by increases in raw wastewater strength ex
perienced over the last five to ten years. Subsequent
phases provide additional capacity to meet or ex
ceed the projected 2027 wastewater flows and dis
charge criteria.

Project Costs

Capital and operations costs and other consider

ations were developed for each alternative and for
each of the Dischargers. The estimated costs in

cluded both treatment and effluent conveyance sys

tems, as applicable, and present worth costs were
developed by alternative and discharger to include
project phasing through 2027. The estimated treat-
ment, conveyance and present value costs are pre-
sented in Table ES-8.

MONTGOMERY WATSON



Table ES-7

Future 30-Day Average Discharge Criteria for the Year 2027 (a)

Alternative 1 | Alternative 2 | Alternative
Las Vegas Virgin Basin | 3 Lake Mead
Wash Discharge Qutfalt
Parameter Discharge
Future Average Annual Flow, mgd 282 282 282
BODS (inhibited), mg/L 30 30 30
Total Suspended Sclids, mg/L 30 30 30
pH 6109 6109 6t09
Coliform Bacteria, #/100mL 22 (tota ) 2.2 (total) 200 (fecal)
Total Phosphorus, mg/L as P (b) 0.14 NA NA
(Tc;tal Dissolved Solids,mg/L added 400 400 400
[

Total Ammonia, mg/L as N (d) 0.5t0 1.0 1.0 NA
Chlorine Residual, mg/L (e} 0.1 0.1 0.1

(a) This table represents possible future discharge scenarios and requirements that
may be more stnngent than existing requirernents.

{b)  Equivalent ncentrabon based on total WLA applied to 282 mgd total eff uent flow

c) Goal forin ease above background total dissolved solids concentration

{d) Concentrati n based standard for Alternatives 1 and 2.

(e) For Alternat'ves 2 and 3, the chiorine residual might be achigvable at the point of
discharge without specific dechlorination processes because of chicrine decay with
travel time n the conveyance pipeline

Table ES-8
Capital, Operations and Present Value Cost Comparison
Treatment Conveyance Total
Capital Operations Capital Operations Present
Costs Costs Costs Cosls Value
{$ mil) (S mily (5 mil) ($ mil) (3 mil)
Alternative 1 - Las Vegas Wash Discharge
ity of Henderscn 238 294 0 532
ity of Las Vegas 497 738 0 1,235
lark County San Dist 469 955 0 1,424
Total 1,204 1,987 3,191
Alternative 2 - Virgin Basin Discharge
ity fHenderson 179 298 94 393 964
ity fLa Vegas 384 777 260 1,085 2 507
lark County San D st 362 1,008 306 1,277 2953
Total 925 2,083 661 2,755 6,424
Altarnative 3 - Lake Mead Ouifall
ity of Henderson 149 277 55 180 670
ity of Las Vegas 247 725 151 525 1649
lark County San. Dist. 201 941 178 618 1938
Total 597 1,943 3s4 1,333 4,287

MONTGOMERY WATSON



RECOMMENDATIONS

Three feasible alternatives for dealing with the
growing wastewater needs of the Las Vegas Water-
shed were evaluated in detail in this Needs Assess-
ment Study. The fundamental difference between
the three alternatives is discharge location. Figure
ES-9 depicts the discharge locations of the three al
ternatives.

The least cost alternative is continued treatment and
discharge to the Las Vegas Wash. Itis recommended
that the Dischargers continue their current planning,
design, and construction efforts to bring treatment
facilities on line as they are needed.

Concurrent with these efforts, there are several is-
sues that warrant additional investigation and study
in light of the changing conditions in the Las Vegas
Watershed. These items would provide addihional
information and a base of knowledge from which
to make future decisions.

* An ammonia wasteload increase should be
pursued immediately.

* A feasibility study of the two alternative
discharge locations, Virgin Basin and Lake Mead
Outfall, should be initiated.

MONTGOMERY WATSON

The microbiological impacts of treated effluent
on Las Vegas Bay and Lake Mead should be
quantified.

The Dischargers should actively participate in the
Lake Mead Water Quality Forum and serve as
the leaders in technical issues involved with
wastewater treatment.

The Las Vegas Wash plume in Lake Mead should
be thoroughly investigated and quantified.

A study, and perhaps pilot testing, of the effect
of alternative pathogen removal technologies on
treated effluent should be considered. The goal
of this study would be to determine the
appropriateness of these technologies for use as
effluent pathogen barriers.

The Las Vegas Watershed Wastewater Needs
A sessment Study should be regularly updated
as onditions change
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Executive Summary

picts the conceptual alignment of the conveyance
system for this alternative.

Tertiary treatment can be achieved by the contin-
ued application of the existing treatment processes
currently in place and construction of additional
tertiary treatment facilities. This includes filtration/
disinfection of a nitrified secondary effluent. No
phosphorus removal would be required.

Alternative 4. Secondary Treatment with
Outfall in Lake Mead

This alternative consists of providing future treat-
ment to meet secondary treatment levels for a sub-
merged and diffused or well-mixed lake discharge.
This type of discharge would release effluent deep
in the lake, downstream of the water intake for the
Las Vegas Valley. The effects of sunlight on efflu-
ent nutrients would be mitigated while allowing the
nutrients to spread and perhaps increase sport fish-
ing potential in the lower lake. The downstream end
of Lake Mead, just upstream of the Hoover Dam,
was selected as the outfall diffuser location due to
its distance from the water intake, the potentially
favorable tunneling conditions in the area, the prox-
imity to the dam and associated currents, and rela-
tive accessibility. A common conveyance system
from the wastewater treatment plants to the outfall
would be sized to pump peak month effluent flows.
Figure ES-6 depicts the conceptual alignment of the
conveyance system for this alternative.

Secondary treatment can be achieved by the con-
tinued application of the existing treatment pro-
cesses currently in place and construction of new
secondary treatment facilities.

Alternative 5. Secondary Treatment with
Non-Lake Discharge

This alternative consists of providing future treat-
ment to meet secondary treatment levels for a non

lake discharge. Anon-lake discharge would entirely
remove the wastewater effluent from Las Vegas Bay
and provide a physical separation between the ef-
fluent discharge and the water intake for the Las

Vegas Valley in Lake Mead. Dry Lake Valley, lo-
cated north of Apex and west of Interstate High-
way 15, was selected as the discharge location due
to its internal drainage pattern, absence of devel-
opment, and proximity to the Las Vegas Valley. A
common conveyance system from the wastewater
treatment plants to the Dry Lake Valley would be
sized to pump peak month effluent flows. Figure
ES-7 depicts the conceptual alignment of the con-
veyance system for this alternative.

Secondary treatment can be achieved by the con-
tinued application of the existing treatment pro-
cesses currently in place and construction of new
secondary treatment facilities.

Alternative 6. Ultrafiltration

This alternative consists of providing future treat-
ment through the continued use of existing pro-
cesses for secondary and tertiary treatment with
further treatment by ultrafiltration. This alterna-
tive would provide a positive microorganism bar
rier for the effluent before discharge to the Las Ve-
gas Wash, Las Vegas Bay, and ultimately, Lake
Mead.

Alternative Evaluation

Each of these alternatives were evaluated with re-
spect to cost and non-cost criteria and three feasible
alternatives were identified for further consider-
ation and evaluation. Seven cost and non-cost
evaluation criteria were used to screen the six alter-
natives down to three feasible alternatives. Alistof
the criteria follows:

* Lake Mead Water Quality

* Ability to Meet Future Regulations

* Accommodate Growth

* Ease of Permitting

* Impact on Dischargers Relationships
* Community Acceptance

* Cost

Figure ES-8 depicts the six initial alternatives and
the results of the screening evaluation.

MONTGOMERY WATSON
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Executive Summary

Figure ES-2
Las Vegas Valley Average Wastewater Flow and Strength Increases
(1991 -1996)

@
100 —
75
E’ o o
50 Q 2
25 6.9 3
g
| =
1991 1996
Table ES-1
Influent Wastewater Flow Peaking Factors
Peaking Factors
Conditions CoH CLV CCsD
Average Annual 1.0 10 1.0
Peak Month
Recent 1.07 1.1 1.13
Past Studies and Reports {a) 1.16 1.15
Peak Day (a} 1.33 1.4
Peak Hour 2 1.5 1.6
{a) No data.
Table ES-2
: Las Vegas Dischargers Average Annual Flow
Existing Treatment Plant Capacities
CoH cLV CCSD Total
As designed 19.5 57 88 173.5
As designed {LV 10.0 57 88 164
Wash discharge)
As calculated {LV 9.3 49 80 138
Wash discharge)
Limiting Factor Oxidation Nitrificationy Activated
ditch facility sludge-BNR

MONTGOMERY WATSON




provide sewer service to their respective service
reas. Interlocal agreements between these agen-
ies allow for sewer service across jurisdictional
boundaries which reduces the potential for
unsewered areas, increases efficiency and mini-
mizes cost to rate payers

Figure ES-3 graphically depicts the instituttonal ar-
angements for wastewater in the Las Vegas Valley

WATER QUALITY AND REGULATIONS

The Las Vegas Wash receives drainage from a 1,600
quare mile area and discharges into the western
nd of Las Vegas Bay. The wash receives treated
ffluent flows from the Dischargers’ wastewater

treatment facilities and stormwater, nuisance wa
er, and groundwater non-point discharges from the

watershed.

Receiving Waters

In 1987 the Nevada Division of Environmental Pro-
tection (NDEP) published recommendations and

.G

Executive Summary

revisions to the standards for pH, total phospho-
rus, chlorophyll a, and un-ionized ammonia con-
centrations for the Las Vegas Wash and Lake Mead.
In 1989, the NDEP established Total Maximum
Daily Loads (TMDLs) for phosphorus (4341b day)
and ammonia (970 Ib/day). These TMDLs are di
vided into wasteload allocations (WLAs) among the
Dischargers with a portion of the phosphorus
TMDL (100 Ib/day) allocated to non-point sources.
The phosphorus TMDL is in effect from March 1*
through October 31% of each year; the ammonia
TMDL is in effect from April 1% through September
30* of each year

In accordance with their respective discharge per-
mits, the Dischargers collect and analyze samples
from Las Vegas Wash, Las Vegas Bay, and Lake

Nevada D vision
o Env'r-amental
P olection

“OR

LASY AS VALLEY
W STEWATER INSTITUTIONAL

ARRANGEMENTS
0 ECTO WATER QUALITY _
Gity of TREATMENT MANA La ¢ Mea Water
ggd%rsan ' GEMENT Quality For
A Clark County Boasd of
Ci - of Las Clar Counly Commis joners
Ve Sanitation Distef
9e8 Dgpl. of
B Gum};{ehensive Waste 'iser A:lgﬁsaang
Eggh Lag Planning Aaii T
Figure ES-3

Las Vegas Valley Wastewater Institutional Arrangements
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ecutive Summary

Mead Actual water quality, when considering chlo-
rophyll a and un-ionized ammonia has significantly
improved for both Stations LM2 (Las Vegas Bay)
and LM3 (Lake Mead). The causative effect most
likely is the construction of new treatment facilities
at the CLV and CCSD. This data indicates a trend
towards improved water quality. Data show that
there is a considerable margin between the water
quality standard and actual water quality at both
Stations LM2 and EM3.

Water Sources

Wastewater treatment facility discharges account for
the majority of flows in Las Vegas Wash, with an
average of 125 mgd in 1996. These facilities treat
almost all residential, commercial and industrial
wastewater generated within the Las Vegas Valley
watershed. The Dischargers monitor treated efflu-
ent from the facilities in accordance with the require-
ments of the NPDES permits. In many instances,
effluent water quality far exceeds (is of significantly
better quality than) the discharge limits.

Non-point sources also contribute nutrients (phos-
phorus and nitrogen) to the Las Vegas Wash through
six major storm drainage outfalls, numerous minor
outfalls, and overland flow. Total phosphorus load-
ing from non-point sources discharged through the
storm drainage system is computed as the total of
the dry and wet weather loadings. A non-point load
estimate using stormwater NPDES 1992-1995 data
results in an estimated total phosphorus loading of
591b/day in an average year. The phosphorus load
in a particular year could range from one-half to
two to three times this amount based on actual hy-
drologic conditions affecting the wet weather con-
tribution.

Most of the non-peint phosphorus load is contrib-
uted to Las Vegas Wash during storm events. In an
average year, 12 storms produce significant runoff
in the Las Vegas Valley with about one-half of the
mean annual rainfall occuring during the March
October TMDL allocation period.

MONTGOMERY WATSON

The total phosphorus load of 100 Ib/day appears
to overestimate the actual load in dry and average
years, but is reasonable for wet years. Further study
of this issue may be warranted in order to lower
the allocated non-point source total phosphorus
load and thereby increase the total phosphorus
TMDL available to the wastewater treatment plants.

FUTURE FLOWS AND LOADINGS

Wastewater influent and reuse flows are projected
to significantly increase during the planning period.
Influent wastewater strengths are a significant pa-
rameter in the design of future treatment facilities
and have steadily increased during the last five
years.

Wastewater Influent and Reuse Fiows

Wastewater influent flows are expected to increase
from the average annual 125 mgd flow of 1996 to
282 mgd in the year 2027. Reuse demand, currently
a minor portion of total effluent flows, is also ex-
pected to increase as dedicated reclamation facili-
ties are constructed. Figure ES-4 depicts the pro-
jected reuse and wastewater flows during the plan-
ning rod

Wastewater Influent Concentrations

Wastewater concentrat ons for BOD, TSS, nitrogen,
and TDS have steadil increased over the past 5
years. The phosphoru concentrations, however,
have continued to steadily decline over the same
period. The concentrations of the various waste-
water constituents have been assumed to remain
constant over the entire planning period through
the year 2027. This assumption could have a sig-
nificant impact on the selection, sizing and overall
cost of future wastewater treatment facilities and
actual wastewater characteristics should continue
to be monitored and evaluated to ensure that the
design criteria used for new treatment facilities are
appropriate.

The year 2027 projected influent and reuse flows
and influent concentrations are presented in Table
ES-3. Peak month values are reported for influent
flows and concentrations.

FUTURE REGULATIONS

Future regulations for wastewater treatment may
include more stringent requirements for a variety
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Executive Summary

of constituents including phosphorus and bacteria.
The current issues with respect to water quality and
the location of wastewater discharge in relation to
the Southern Nevada Water Authority water intake
indicate that alternate discharge locations should
be investigated. The potential future regulations
that may result from more stringent discharge re-
quirements and alternate discharge locations result
in four distinct future scenarios summarized in
Table ES-4.

The year 2027 Las Vegas Valley projected influent
wastewater flow of 282 mgd is more than double
the current flow. The current TMDLs for phospho

rus and ammonia result in future effluent concen-
trations that are quite low and may, in the case of
ammonia, be difficult to consistently achiev e with
conventional, biological treatment proc se

TREATMENT NEEDS

The Dischargers own and operate treatment facili-
ties serving the Las Vegas Valley that have a com-
bined, as-calculated treatment capacity of 138 mgd
on an average daily flow basis. The average an-
nual wastewater flow in 1996 was 125 mgd and by
the year 2027, the total wastewater flow requiring
treatment is estimated to be 282 mgd Table ES 5

ummarizes the existing facility capacities and fu
ture capacity needs for the year 2027.

Avariety of treatment processes and configurations
can be employed to meet future requirements. The
alternative processes range from the continued ap
plication of the existing processes at each treatment
facility to more advanced systems depending on the
future scenarios as presented by Table ES-6

The types of treatment processes that could be em-
ployed at each Discharger’s facility to meet the re
quirements of these scenarios are discussed in the
paragraphs below.

City of Henderson

The projected 2027 wastewater flows for the CoH
are 40 mgd total. With an existing Las Vegas Wash
discharge capacity of 9.3 mgd, the capacity deficit
is 31 mgd.

Continued application of the existing treatment pro-
cesses of the WRF can meet the stringent potential
discharge requirements for phosphorus. The exist-
ing extended aeration process of the WREF is the
most efficient biological process for ammonia re-
duction with the potential of achieving the lowest
effluent ammonia concentrations. However, with
the current ammonia TMDL applied in the future,
the effluent ammonia concentrations that will be
required may be difficult to achieve even with the
extended aeration process

Secondary level treatment only couid be achieved
by continued application of the extended aeration
activated sludge process.

Figure ES-4

300
250

ota Wastewaier-F-:I-ow
200 4

]
@ 150
=2
100
50

0

1997
1999
2001
2003
2005
2007
2009
2011

MONTGOMERY WATSON

Total Las Vegas Valley Projected Reuse Water Demands and Wastewater Flows

2013
2015
2017
2019
2021
2023
2025
2027




' s

Executive Summary

unrestricted use
levels

Table ES-4
Current and Potential Future Discharge Conditions
Current
Conditions Future Conditions
Scenario Description (at 282 mgd) {at 282 mgdz
1. Existing Current Requirements - -

Phosphorus 50 percent reduction { WLA 334 Ib/day WLA = 167 Ib/day
restriction in WLA

Coliform level Reduction to 200 mpn/100 ml Fecal | 2.2 mpn/100 mt Total

Discharge location { Eliminate/reduce Las Vegas Bay Deep water outfall
potential impact on Alternate lake surface
water supply discharge

Non-lake discharge
Table ES-5
Future Wastewater Facility Needs
Capacity Under Projected Capacity
Nominal Average| Current Conditions for| Needs in 2027 for
Annual Capacity,] Discharge to Las Discharge to Las Capacity
Discharger mgd Vegas Wash, mgd Vegas Wash, mgd | Deficit, mgd |
City of Henderson 185 9.3 40 31
City of Las Vegas 57 49 111 62
Clark County Sanitation
District : 88 80 131 51
Total 165 138 282 144
MONTGOMERY WATSON




Table ES-6

Treatment Process Alternatives

Treatment Requirement

Treatment Alternative

Scenario 1 - Current Standards.
Application of the current effluent
discharge requirements.

Scenario 2 - Future Standards.
Application of current regulations
with a 50 percent reduction in the
phosphorus waste load allocation
and a more stringent disinfection
criteria.

Scenario 3 - Tertiary Treatment
Standards. Production of a fittered
disinfected effluent following
secondary treatment, for non-bay,
surface lake discharge.

Scenario 4 - Secondary -Treatment
Standards. Treatment to secondary
level standards only for fully-diffused
lake discharge or alternate discharge
location.

Pathogen Barrier. Current discharge
standards with added requirement for
inclusion of a pathogen barrier.

Biological nitrification and chemical phosphorus precipitation

Biological nitrification and enhanced biological phosphorus
removal with chemical phosphaorus precipitation

Biological treatment for BOD removal with membrane
(reverse osmosis) processes for ammonia and phosphorus
removal

Biological nitrification and chemical phosphorus precipitaton

Biological nitrification and enhanced biolegical phosphorus
removal with chemical phosphorus precipitation

Biological treatment for BOD removal with membrane
(reverse osmasis) processes for ammonia and phosphorus
removal

Conventional activated sludge pr ess
Trickling filter process
Extended aeration activated sludge process

Any of the above secondary treatment systems followed by
filtration

Conventional activated sludge proc
Trickling filter process
Extended aeration activated sludge process

Biological and chemical treatment for ammonia and
phosphorus removal with ultrafiltration as a barrier to the
passage of microorganisms

MONTGOMERY WATSON




City of Las Vegas

The CLV’s projected average annual wastewater
flow rate is 111 mgd by the year 2027. With an ex-
isting capacity of 49 mgd, the capacity deficit is 62
mgd. To meet future capacity needs, the following
facilities will be required:

* Upgrade the existing secondary treatment
nitrification process to 57 mgd average annual
capacity.

* Construct new primary, secondary and tertiary
treatment facilities for 54 mgd of additional
average annual capacity

With the current ammonia TMDL, the future efflu-
ent ammonia concentrations that will be required
will be difficult to achieve on a reliable basis. New
facilities, and upgrades to the existing nitrification
process, will require special consideration for im-
proved performance. Alternatively, a higher degree
of ammonia removal can be achieved through the
implementation of break-point chlorination or the
addition of reverse osmosis or ion ex hange pro
cesses.

Clark County Sanitation District

The CCSD’s projected average annual wastewater
flow rate is 131 mgd by the year 2027. With an ex-
isting capacity of 80 mgd, the capacity deficit is 51
mgd. Facilities needed to satisfy this capacity defi-
cit are:

* Upgrade the existing secondary treatment
activated sludge process to 88 mgd.

* Construct new primary, secondary and tertiary
treatment facilities for 43 mgd of additional
capacity.

With the current ammonia TMDL, the future efflu

ent ammonia concentrations that will be required

will be difficult to achieve on a reliable basis. New
facilities and upgrades to the existing activated
sludge phosphotus and nitrogen removal process
will require special consideration for improved per-
formance. Alternatively, a higher degree of ammo
nia removal can be achieved through the addition
of reverse osmosis or ion exchange processes. Given
the CCSD’s plans to utilize ultraviolet disinfection,
breakpoint chlorination for the further reduction of
ammonia may not be a viable option.

1
=2y

Executive Summary =

ALTERNATIVE DEVELOPMENT

Six alternatives were developed from the future
discharge scenarios discussed previously. These
alternatives are summarized in the paragraphs be-
low.

Alternative 1. Las Vegas Wash

This alternative consists of providing future treat-
ment through the continued application of treat-
ment processes currently in use by the Dischargers.

Alternative 2. Full Biological Nutrient
Removal (BNR)

Thz alternative consists of providing future treat-
ment through the implementation of biological
pho phorus removal (BPR) activated sludge pro-
cesses that optimize phosphorus removal and ni-
trification performance. Key process requirements
include anaerobic zones, anoxic zones for denitrifi-
cation, and primary sludge fermentation. Tertiary
treatment for chemical phosphorus polishing by
precipitation with filtration and disinfection are also
necessary.

Alternative 3. Tertiary Treatment with
Discharge to Virgin Basin

This alternative consists of providing future treat-
ment to meet tertiary treatment levels for an alter-
nate location for surface discharge of effluent in
Lake Mead. A non-Las Vegas Bay discharge point
would remove the effluent disposal impacts on Las
Vegas Bay and increase the separation between the
effluent discharge and the water intake for the Las
Vegas Valley. The downstream end of Lake Mead's
Virgin Basin, just upstream of the Narrows region,
was selected as the alternate surface discharge lo-
cation due to its distance from the water intake, its
proximity to a narrow and relatively active reach of
the Lake, and the availability of roadway access
along the majority of the conveyance route. A com-
mon conveyance system from the wastewater treat-
ment plants to the Virgin Basin would be sized to
pump peak month effluent flows. Figure ES-5 de-

MONTGOMERY WATSON
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FINAL REPORT

LAS VEGAS WASH VEGETATION STUDY

1.0 INTRODUCTION

The Las Vegas Hash Vegetation study was performed in accordance
with the objectives of the proposed Whitmey Verification Program {(WVP}
vegetation studies. The objective of this study was to inventory the
areal extent and detect changes in quantities of vegetation types along
an e¢leven mile stretch of the Las Vegas Wash. The analysis specifically

examined changes in vegetation types for the years 1975, 1982, 1984,
1985, and 1986.

Advanced Sciences, Incorporated (ASI} was contracted to document
detailed vegetation mapping of Las Vegas Wash for the five years listed
abave, Services provided included visual interpretation of 1:6000 color
infrared photography, base map transformation, digitization, plotting,
and raster polygon overlay analysis. All components of the project were

completed at the U. S. Bureau of Reclamation (U.S.B.R.) Remote Sensing
Section E & R Center.

2.0 BACKGROUND
2.1 GENERAL SETTING

Las Vegas Wash, located southeast of Las Vegas, Nevada, is the
major drainage for the state’s largest population center (Figure 2.1).
The wash drains approximately 1,600 square miles and once supported a
large mesquite forest and occasional springs (U.S.B.R., 1986). Urban
expansion has impacted the wash by reducing the ground water table,
harvesting much of the mesquite forest, and introducing wastewater into
the surface drainage system. The introduction of wastewater has created
an environment that supports a lush, artificially created marsh. These
nutrient-rich waters have produced a wetland with greater standing crop

and higher productivity than the naturally occurring xerophytic
vegetation.

Although a different environmental setting was created, changes
have occurred in recent years. Major storms in the summers of 1983 and
1984 produced widespread flooding. During the storm of August 1983,
headcutting nearly advanced to Telephone Line Road, draining and
sloughing away portions of wetlands. The wash suffered extensive damage
in July 1984 as peak flows reached some of the highest levels on record.
As a result, wetlands above and below Pabco Road were uprooted or
drained. In addition, the headcut advanced approximately 2,000 feet
west of Pabco Road (U.S.B.R., 1986). The lower wash also experienced
considerable widening of the stream channel in some areas due to severe
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bank erosion: however, streambed degradation was minimal. Currently,
the wash is in danger of continued erosion and wetland destruction
unless appropriate measures are taken.

2.2 SPECIFIC SITE LOCATION

The study area is primarily limited to the Las Vegas Wash
floodplain begining at Vegas Valley Drive and continuing to the
confluence of the wash and Lake Head at Las Vegas Bay (Figure 2.1).
Reaches were defined to extract data from specific areas of the wash.
Reach boundaries are identified in Table 2.1.

Table 2.1. .Las Vegas Hash Reach Boundaries.

Reach Boundaries

Las Vegas Bay to Northshore Road.

Northshore Road to Powerline Crossing in Sec. 28,
T.215., R.63E.

Powerline Crossing to Pabco Road.

Pabco Road to Transect 5 (Section line along Sec. 25
and 26, T.215., R.62E.

Transect 5 to A.W.T. Plant.

AW.T. Plant to Vegas Valley Drive,.

oW [

o h

2.3VEGETATIONTYPES

Several vegetation/landcover types are present in the Las Vegas
Wash area. The Wash has a highly diverse ecosystem, with a great degree
of overlap between biotic communities. The vegetation communities
discussed in this report have been examined previously in the Whitney
Verification Program Environmental Assessment (U.S.B.R., 1986) and are

referred to throughout this section. The vegetation/landcover types
are:

Salt Cedar - The salt cedar (Tamarix chinensis) habitat present
along the Las Vegas Wash corresponds with the riparian community
classification category ‘“Palustrine Scrub-Shrub Wetland” (Cowardin,
et.al.,, 1979). It is dominated by woody vegetation less than 20 feet
tall, and is found near permanent water, or where the water table is
near the surface. In the Las Vegas Wash, salt cedar is the dominant
woody plant, although mesquite (Prosopis sp.} does occur. Shrub species
found with salt cedar include saltbush (Atriplex spp.), inkweed (Suaeda
torreyana), and pickleweed (Allearolfea occidentalis). Vegetative
ground cover can vary from 15 to 100 percent, with the thicker growth
being nearly impenetrable. Eighty percent relative cover of salt cedar
is the mapping unit size used for the Wash. In areas where
concentrations of juvenile salt cedar were observed, mapped data

represents the most reasonable interpretation at the eighty percent
cover level.

Mixed Shrub - The mixed shrub community occupies lower desert wash
areas in close proximity to the Las Vegas Wash and on subirrigated
sites. This community occurs predominantly on the western side of the
Wash, although small pockets are scattered throughout the system. It is



typically found in wet, somewhat saline soils, often in relation to the
drainage patterns in the area. The ground-water table is generally high
in these areas, and there is an accumulation of salts in the soil. The
key shrubs in this community are saltbush species. In more saline
soils, saltgrass (Distichlis spicata), pickieweed, and inkweed
proliferate while in less saline areas, mesquite often occurs. Salt
cedar and smotherweed (Bassia hyssopifolia) regularly invade disturbed

areas. Ground cover typically ranges from 6 to 20 percent, excluding
grasses.

Desert = Desert is defined as the creosote bush and desert wash
communities that occur adjacent to the Las Vegas Wash. Limits of the
desert habitat are arbitrarily mapped relative to the study boundary.
Bradley and Miller (1976) listed 210 plant species existing in the
creosote bush community. These areas are characterized by two dominant
species : creosote bush (Larrea divaricata) and burrobush (Ambrosia
dumosa). This association is found thoughout the desert surrounding the
Las Vegas Hash, in both flat and mountainous terrain, except in
extremely rocky areas and well-developed washes. Creosote bush and
burrobush tend to grow evenly spaced, and vegetative ground cover is
vevally sparss., Des<ri washes are an integral part of the cresote bush
community. Ground cover ranges from 5 to 40 percent, due to the more
vigorous growth associated with the increased moisture potential of
these washes. Species often found in desert washes include cheesebush
(Hymenoclea salsola) , catclaw (Acacia greggii), mesquite, and salt
cedar. Due to the wide distribution of desert habitat regionally, it is
impractical to further characterize this type.

Barren Disturbed - Areas devoid of vegetation are common throughout
the Wash. A majority of the barren and disturbed areas are roads and
trails established for everyday vehicular travel, maintenance, or
off-road vehicle activity. Many trails are also established to provide
access for trash dumping activities. Additional barren disturbed areas
have resulted from past attempts to develop a golf course, facility
development, and pipeline transmission line installation.

Eroded Scoured - Floodplain areas that have been cleared of
vegetation are included in this category. Flooding is the cause of
erosion scouring, leaving slightly elevated sand bars along the stream
course. Periodic flooding occurs duringsummer thunderstorms and
monsoon-type rains. Moist areas along the eroded scoured bars are

rapidly invaded by salt cedar, resulting in dense even-aged growth.
Higher, drier areas remain mostly barren.

Dead - Many areas along the marsh have been subjected to fire or
draining. Draining occurs as the wash cuts a deeper channel, leaving
marsh and riparian vegetation to dry. Often this dry, dead vegetation
burns, leaving relatively barren areas exposed. Burns appear to be
relatively common within stands of salt cedar along the Wash. It is not
known if the primary cause of these burns is arson, escaped rubbish

fire, or lighting strikes. Often mature salt cedar trees are not killed
in these fires and exhibit some growth.

Thistle/Smotherweed - Some areas that have been subjected to past

disturbance, e.g., draining, scouring, and burning, have been invaded by
weedy, annual species. Dense stands of thistle (Salsola iberica) and

4



smotherweed occur to the south of Pabeo Road following burning of
drained cattail marsh. These weedy species are also commonly observed
along road edges, fence lines forming agricultural land boundaries, and
in fallow agricultural fields. Continued disturbance is probably
necessary for the establishment of annual weeds on a year-to-year basis.
This disturbance could be in the form of fire or mechanical activities.

Reed Harsh - Marshy uplands are generally dominated by stands of
common reed (Phragmites communis) and occur adjacent to, or within, the
cattail marsh habitat. Common reed habitat occurs on the drier marsh
sites and is often infiltrated with salt cedar, mesquite, or saltbush
along the driest margins. A tramsition zone, which supports a wetland
annual habitat, often occurs between common reed and cattail habitats.
Stands of common reed are monotypic, dense, and often exceed 12 to 15
feet in height. This habitat persists much longer on sites dried due to
channel erosion than does the cattail habitat. However, a portion of
the area mapped as dead formerly supported common reed.

Cattail Marsh - The cattail {Typha domingensis) habitat occurs on
saturated soils and mucks within the Las Vegas Wash and along sewage
outfalls. . Nutrient-rich effluent contributes to lush growth downstream
from effluent outfalls, where cattails often reach heights of 12 to 15
feet. Cattail habitat is nearly monotypic with other species occurring
along the fringe in more marginal habitat. Much of the area mapped in
the dead category was once cattail habitat. As erosion deepened the Las
Vegas Wash channel, this habitat was no longer sub-irrigated, becoming a
dry upland. Subsequent fires eliminated the dry vegetative cover,

exposing barren soil, some of which has been invaded by thistle and
smotherweed.

Mixed Marsh - Habitat that supports a varying mixture of cattail,
common reed, wetland annuals, and salt cedar is classified as mixed
marsh. Occasionally, relatively dense clumps of alkali bulrush {Scirpus
robustus) also occur. Mixed marsh is not generally abundant within the
Las Vegas Wash, except in 1975. Generally this habitat occurs where
sediments have accumulated deeply enough to support common reed on
slightly drier sites and adjacent submerged areas that support cattail.

An area where this occurs lies at the mouth of the Las Vegas Wash, at
Las Vegas Bay on Lake Mead.

Wetland Annuals - Wetland annual habitat is asociated with both
cattail and common reed habitat, occupying the mesic area between the
two major habitats. Often the wetland annual zone represents.the
transition between common reed and cattail. Subirrigated sites on
sandbars and along the Las Vegas Wash channel also support wetland
annual species. Species included in wetland annual habitat are dock
(Rumex spp.), smartweed (Polygonum sp. ) , rabbit’s-foot grass (Polypogon
monspeliensis } , and species of composites. This habitat is often
invaded by cattail along the more mesic interface and by common reed,
saltgrass, or salt cedar along the drier interface.

Open Water - Flowing and ponded water are included in this
category, where surrounding vegetation does not provide aerial cover.
The most significant body of open water is Las Vegas Bay on Lake Head,
at the mouth of Las Vegas Wash. Las Vegas Wash flows commonly appear as
open water at various locations along the length of the wash. Open
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water is also mapped where effluent outfalls from sewage treatment
facilities occur. Areas of ponded water were more common on earlier

photography. The largest ponded area noted occurs where Telephone Line
Road crosses the Las Vegas Wash.

Facilities = Facilities located in the study area are
principally in the upper portion of the Hash. The two facilities
worth noting here consist of a football stadium and a baseball field

complex. The majority of land area contained in this class is located
at these two facilities.

3.0 METHODS

3.1 PHOTOINTERPRETATION

The U.S.B.R. supplied AS1 with 1:6000 scale color-infrared aerial
photography of the Las Vegas Wash project area. This photography
provided the base for identifying and defining the spatial distribution
of vegetation/landcover types within the wash. Photography missions
were flown during the summer months in 1984 (June 18) , i385 (Juiy &) ,
and 1986 (July 7). Missions flown at the same relative time period
ensured similar signatures on the photography. Aerial photographs in
1975 and 1982 were flown in October (October 15, 1975 and October 1,
1982) and did not correspond to this time period.

To complement the photointerpretation process, a team of AS1 remote
sensing specialists spent time in the field to ensure accurate matching
of ground cover conditions with photographic signatures. An experienced
biologist from the U.S.B.R. Boulder City office accompanied the team.

Vegetation and land cover features were observed and identified relative
to the photographs.

Following the summer field reconnaissance, the photography was
interpreted onto mylar overlays. Features were transferred to the
overlays on a light table, using a direct-transfer technique. An Old
Delft Scanning Stereoscope II and an Abrams 2-4 Stereoscope Model CB-1
were used to study photographs stereoscopically when features could not
be fully identified with a 10X Keyan magnifier. ,

Only the center portion of each photograph was interpreted, since
photographic distortion is increased near the edges of a photograph as
opposed to the image center. Thus, less distortion is encountered
during interpretation if the area included on successive photographs has
sufficient stereoscopic overlap. Proper coverage will typically contain
55 to 65 percent overlap on successive photographs to ensure at least 50
percent endlap over varying terrain (Lillessand and Kiefer, 1979). Some
of the Las Vegas Wash coverage did not have sufficient overlap,
therefore, the edges of some photographs had to be interpreted. This
problem was encountered somewhat on all five missions, especially in the

upper and lower portions of the wash on the 1986 and 1975 photography,
respectively.



3.2 SIGNATURE DETERMINATION

A number of basic characteristics or features on the photography
were used to systematically study the aerial photography. Seven basic
characteristics, or variations of them, were typically considered:

. shape, size, pattern, shadow, tone, texture, and site or association
(Whiteford, 1378; Lillesand and Kiefer, 1979). Of these
characteristics, tone provided the most information since the color
signatures of vegetation types differed. This was due to the
differences in reflectivity among the various types of vegetation found
in the Wash. Texture was also important because the relative coarseness
of stands of vegetation varied. In addition, the association of
features provided insight since some vegetation types were found near
the center of the alluvial floodplain while others were located most
often along the edges. The other characteristics were also used during
the interpretation process, but to a lesser extent. A combination of

two or more characteristics was used in the identification of most
features on the landscape.

.3.3BASEMAP DEVELOPMENT

3.3.1 MAP SETUP

The GES software was used to design a 1:6000 scale map base for
the project area. This base was generated by using 7.5 minute
quadrangle sheets and surveyed coordinates in the Nevada State plane
coordinate system. For the lower wash, Pabco Road to Las Vegas’ Bay,
sections and major roads from the 7.5 minute quadrangle sheets at a
scale of 1:24,000 were transformed into 1:6000 scale map bases.
points were then selected on the photography and corresponding
quadrangle sheets so that data could be accurately transfered onto the
map base. A total of 33 features were used as control points in the
lower Wash. The most common features were peaks along ridges near the
Wash that were depicted as ¢losed contours on the quadrangle maps.
Other features delineated as control points were transmission line
towers, road intersections, and bridges. From Pabco Road to Vegas
Valley Drive, the Nevada State plane coordinates and corresponding
markers on the photography were used for base map creation. These
coordinates consisted of 19 surveyed, paneled, markers that were
identified on the photography as white crosses. Specific coordinate
locations were provided by the U.S.B.R. Boulder Crity office.
Electrical poles and sewage disposal tanks were also identified on the
photography and corresponding quadrangles as additional control points

in Reach 6. Both of the above geographic data sets were combined to
make one map base.

Control

3.3.2 DATA TRANSFER

The aerial photography was transferred onto computer generated map
bases using a Saltzman projector. Although the scale was nearly
equivalent between the photos and map bases, scale adjustment on the

projector was necessary when an individual photo was not at 1:6000
scale,



The first year of data transfered was from the 1982 photography.
The 1982 photointerpreted landcover data was transferred directly to the
map bases in the upper wash area. Photo data were nosaiced together in
a best fit situation based on state plane coordinates and corresponding
ground control points visible on the photography. The photo data
" covering the lower wash was transfered to the map bases using the
Saltzzan projector. After digitizing, computer drawn map bases were
generated from the 1982 photointerpreted landcover data and used for the
transfer of the 1984 data. This process was repeated for the transfer
of all data sets, except 1975, with the previous years data becoming the
base for the next year. Because the 1975 photography was an add on to
the project, it was received after the data transfer process had already

been completed far 1982. Therefore, 1982 served as the map base far
1975.

The generated landcover map bases included all the polygons from
the previous year’s interpretation, insuring an accurate transfer of the
current year’s information where there had been no change in polygon
boundaries. Where landcover classes had changed, new lines were drawn
on the map bases in red to delineate change.

3.4 DIGITIZATION
34.1 GEOBLOCR DEVELOPMENT

The Las Vegas Wash area is contained on four 7.5 minute
quadrangles. Five geoblocks, each the exact same size and covering the
exact same 15 minute by 15 minute geographic area, were created to
contain the photointerpreted data as it was digitized = one geoblock per

year of photography. A geoblock of this size has an internal unit
resolution of 1.4 feet.

Each geoblock was subdivided into overlays, one for each reach plus
one each for control points and line data. Polygon overlays were named
for the reach number and date (i.e., RLVEG75 - reach 1, vegetation,
1975). Polygon overlays contained only vegetation/landcover classes.
Sections were digitized once and stored in the Section overlay in the
1982 geoblock. Line overlays contained digitized roads, trails, and
other cultural line information. Where covertypes (i.e., open water)
were identified as lines, they were included in the line overlay. Each
line and polygon type was given a unique class number (See Appendix L
for a listing of all geoblocks, overlays, and class values.).

34.2 DIGITIZATION

A numbering scheme was set up to identify each class delineated
during the phatointerpretatian effort. As an example, polygons labeled
SC (salt cedar) were identified as class 10 in the digitizing process.
There were thirteen classes identified.

Section lines were digitized as part of the base map preparation
phase (as detailed above). Line data, except landcover, was digitized
only once. Landcover line data was digitized in the line overlay using
the same numbering scheme developed for polygon data.

As originally planned, after a given reach for a given year was



digitized, the data would be automatically copied into the overlay for
the same reach but the next year. The data was then to be edited
according to which lines and polygons changed between years. The only
new digitizing would then be for boundaries between covertypes that
changed. However, this process was found to be too time consuming.
Therefore, it was decided to completely digitize each reach for each
year, without trying to use the GIS software to automatically copy and
manually edit previously digitized lines. The accuracy of line
placement did not appear to be affected enough to justify automatic
copying between overlays (see Section 4.2, Accuracy Assessment).

The outside boundary for the Wash was copied between years, since
this was a very minor copying effort. The boundary, also, did not
change between years and needed to be kept constant. Reach boundaries
were also copied between reach overlays and years, since these
boundaries did not change either.

After each reach was digitized, a hard copy print was made that
displayed all polygons. This hardcopy was compared with the information
delineated on the map bases and the photo overlays. As an additional
check, another digitizer would then check the map base with the hard
copY. Any corrections were noted on the hard copy and corrected. The
digitizer also checked the map bases against the photo overlays while

digitizing to insure that no transfer errors were made or polygons
missed.

All hard copy documentation was filed in a notebook by geoblock.
The copies were organized by reach. At regular intervals during the
digitizing process, once used line segments were displayed to insure
that no holes were missed or lines double digitized.

3.4.3 PLOTS

Black and white plots on frosted mylar were created at a scale of
1:6000 on the U.S.B.R. pen plotter. At this scale it was possible to
plot a complete reach on one sheet of mylar. A plot was made for each
reach for each year. The plots were titled with reach number and year
of photography. Legends were plotted on each reach map plot showing
vegetation classes plotted, date of aerial photography used, plot scale,
and date plotted. Sections were plotted and labeled.

3.5RASTER POLYGON OVERLAY
3.5.1RASTERIZATION

The data, as digitized, existed in a vector format. The digitizing
software used at the E & R Center for this project did not have vector
analysis capability, so it was necessary to convert the data to a

raster, or cell, format. All of the vegetation and line overlay files
were converted to raster files.

A cell size of 3 meters was chosen for the conversion. Three
meters was chosen as the optimum size after considering the minimum
mapping size used in the photointerpretation process (.5 acre) and the
relative error in the digitizing and map transfer process (<3 meters),

9



3.5.2 OVERLAY ANALYSIS

Images were created from the raster files. Vegetation and line
images for a given reach-year were combined into a single image when
line vegetation had been delineated. In order to create images showing
vegetational changes between years, it was necessary to compare, or
“over lay”, the reach-year images with each other. Reach-year images
from 1975 were compared to the corresponding reach-year images for 1982,
1982 was compared to 1984, 1984 was compared to 1985, and 1985 was

compared to 1986. The resulting change images showed areas of change
without defining what the change was.

The raster files were used to define actual acres of between-class
vegetational change from one reach-year to the next. The raster files
were compared in the same manner as the images had been. The output
file for each comparison listed acres of new vegetation type for each

original vegetation type as well as acres of original vegetation type
that remained the same.

3.5.3 CHANGE PLO™S

The images which were created in the raster image overlay process
were plotted in black and white on an electrostatic plotter. Areas of
change were delineated in black and areas of no change were delineated
in grey. Areas outside the Wash boundary were left blank. Each plot
was annotated to show the reach number, the years compared, the plot
legend, and the scale of the plot. All plots were done at 1:6000, to
match the scale of the vector pen plots done for each reach-year.

3.6 ACREAGE TABULATIONS

Acreage tables were generated at two stages in the project. Tables
were created from the vector data to show acreages by reach, by year,
and for the entire Hash by year (Tables 3.1 - 3.7). Comparisons were
made between the reach-years to generate tables showing net changes by
reaches and for the whole Wash (Tables 3.8 = 3.14). As a result of the
raster overlay process, tables were generated to show specific
vegetational changes by reach between years (Tables 3.15 = 3.37) and
between years for the whole Wash (Tables 3.38 - 3.41). Vegetation type
abbreviations as supplied by BOR and used in the tables are:

SC- Salt cedar DS - Desert

MS - Mixed shrub BD - Barren disturbed
TS - Thistle/smotherveed ES - Eroded scoured
RM~ Reed marsh Dd - Dead

CM = Cattail marsh ow = Open water

WA= Wetland annuals FAC- Facilities

MM - Mixed marsh



Table 3.1 - LAS VEGAS WASH ACREAGE STATISTICS FOR REACH 1.
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Table 3.3 - LAS VEGAS XASH ACREAGE STATISTICS FOR REACH 3.
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Table 3.4 - LAS VEGAS WASH ACREAGE STATISTICS FOR REACH 4.
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Table 3.5 - LAS VEGAS XASH ACREAGE STATISTICS FOR REACH 5.

CLASS 1975 1982 1984 1985 1986
sC 10 65.7 100.7 113.8 112.8 125.3
MS 11 562.6 489.6 479.8 460.6 455.7
TS 12 64.3 9.2 1.0 6.0 0.0
RM 13 41.3 110.5 106.4 122.9 131 8
CM 14 S4.5 65.2 55.9 61.6 56.7
WA 15 0.9 21.7 17.2 12.5 15.0
MM 16 29.0 4.8 4.6 5.0 6.3
DS 20 113.2 73.9 70.5 77.4 76.5
BD 21 83.3 154.5 171.5 175.0 163.3
ES 22 0.0 0.0 0.0 0.7 0.2
Dd 23 6.6 5.8 13.9 0.9 4.6
ow 30 1.6 0.7 1.5 1.0 1.2
FAC 40 36.4 62.9 63.2 63.2 63.1
TOTAL 1099.5 10959.5 1098.5 1099.5 1099.5
Table 3.6 - LAS VEGAS WASH ACREAGE STATISTICS FOR REACH 6.

CLASS 1975= 1582 1984 1985 1986
sC 10 243 .4 224.7 224.9 254 .4
MS 11 98.2 120.2 129.7 83.5
TS 12 46.9 18.1 19.3 31.5
RM 13 1.2 1.6 2.0 4.0
(M 14 5.6 5.8 8.4 7.3
WA 15 1.0 5.5 g.2 5.3
MM 16 © 0.0 0.3 1.4 5.2
DS 20 29.1 28.5 29.3 29.5
BD 21 151.7 156.0 150.2 144 .4
ES 22 0.0 0.0 0.0 2.2
bd 23 0.0 11.5 3.7 8.6
ov 30 0.0 4.8 2.5 3.8
FAC 40 35.1 35.4 32.9 32.8
TOTAL 612.3 612.3 612.3 612.3

* No data exists for Reach 6 in 1975, therefore
Acreage Totals could not be calculated.



Table 3.7 = LAS VEGAS WASH ACREAGE STATISTICS FOR THE ENTIRE WASH.

CLASS 1975+ 1982 1984 1985 1986
sC 10 724.6 637.3 603.9
MS 11 308.8 841.9 877.9 843.8  TT7.8
TS 12 64.3 64.6 24.8 63.8 3.5
RM 13 56.6 150.3 145.3 163.1  181.6
M 14 427.2 308.4 278.0 176.7  138.4
VA 15 2.7 21.3 26.6 1.2 274
MM 16 112.9 11.9 21.0 3.3 70.6
DS 20 1362.2  1265.1  1257.4  1261.4  1245.4
BD 21 153.2 403.0 449.4 41,5 442.7
ES 22 10.1 0.0 2.4 144.0 6.2
Dd 23 25.1 168.6 180.5 183.6  266.1
ox 30 39.9 53.5 84.0 70.6  50.1
FAC 40 36.4 111.6 112.1 110.0  109.7

4 ==l
* No data exists for Reach 6 in 1975, therefore
Acreage Totals are reduced by 612.3 acres.



Table 3.8 - LAS VEGAS WASH NET ACREAGE CHANGE STATISTICS FOR REACH 1,

CLASS 1975-1982 1982-1984 1984-1985 1985-1986
SC 10 2.4 -17.6 -3.7 8.9
MS 11 3.8 -2.8 -6.9 2.8
TS 12 0.0 0.0 0.0 0.0
RM 13 2.5 -2.5 0.0 3.2
CM 14 0.5 -1.0 3.1 -0.1
WA 15 0.5 -0.5 0.4 -0.4
MM 16 -1.3 -4.8 12.2 29.1
DS 20 -17.9 -1.4 -5.5 -9.3
BD 21 -0.6 0.0 0.1 0.0
ES 22 -4.0 14.8 11.0 -22.2
bd 23 0.0 0.0 0.0 0.0
oW 30 14.2 15.9 -10.7 -12.1
FAC 40 0.0 0.0 0.0 0.0
TOTAL 0.0 0.0 0.0 0.0

CLASS 1975-1982 1982-1984 1984-1985 1985-1986
§C 10 6.2 -11.3 -19.6 19.9
MS 11 12.2 -3.8 -0.1 -8.1
TS 12 0.0 0.0 0.0 0.0
RM 13 -4.5 0.0 0.0 0.0
M 14 0.2 -0.2 0.0 0.1
WA 15 -0.5 0.0 0.1 -0.1
MM 16 -9.3 * -0.2 0.1 0.3
DS 20 -0.2 1.5 -3.0 -0.4
BD 21 -7.6 2.1 -0.9 4.0
ES 22 -1.2 9.4 21.1 -13.7
Dd 23 0.2 0.7 0.7 0.6
oW 30 4.4 1.8 1.7 -2.5
FAC 40 0.0 0.0 0.0 0.0



Table 3.10 - LAS VEGAS WASH NET ACREAGE CHANGE STATISTICS FOR REACH 3.

CLASS 1975-1982 1982-1584 1984-1985 1585-1986
SC 10 10.7 -31.7 -18.7 31.9
MS 11 -2.0 32.9 -16.7 -4.4
TS 12 0.0 0.0 38.1 -38.1
RM 13 0.4 3.6 -4.7 -0.6
M 14 -106.0 -8.6 -29.0 3.4
WA 15 -0.4 3.6 -3.4 -0.1
MM 16 -40.6 1.8 -1.0 9.6
DS 20 -26.5 -3.3 1.1 -4.7
BD 21 15.8 14.6 -3.6 9.8
ES 22 -5.0 8.3 76.3 -41.4
Dd 23 151.3 -18.3 -34.5 39.9
ow 30 2.3 4.3 -4.0 -5.3
FAC 40 0.0 0.0 0.0 0.0
TOTAL 0.0 0.0 0.0 0.0

Table 3.11 = LAS VEGAS WASH NET ACREAGE CHANGE STATISTICS FOR REACH 4.

CLASS 1975-1982 1982-1984 1984-1985 1985-1986
SC 10 11.8 -21.1 9.5 12.6
MS 11 -6.1 -2.5 -0.7 -5.2
TS 12 8.4 -2.7 -5.3 -0.4
RM 13 24.9 4.8 5.7 5.0
CM 14 10.3 -11.4 -83.9 -35.6
WA 15 0.8 0.2 9.5 -2.7
MM 16 -25.5 £ 12.2 -0.5 -6.7
DS 20 -42.3 -0.7 3.8 -0.9
BD 21 19.3 8.4 -1.2 5.1
ES 22 0.0 0.0 2.6 -2.2
Dd 23 -7.2 9.9 57.8 33.3
ow 30 -6.4 3.0 2.4 -2.2
FAC 40 13.6 0.0 0.3 0.0



Table 3.12 - LAS VEGAS WASH NET ACREAGE CHANGE STATISTICS FOR REACH 5.

CLASS 1975-1982 1982-1984 1984-1985 1985-1986
SC 10 35.0 13.1 -1.0 12.5
MS 11 -73.0 -9.8 -19.2 -4.9
TS 12 -55.1 -8.2 5.0 -6.0
RM 13 69.2 4.1 16.4 8.9
CM 14 -29.4 -9.3 5.7 -4.9
WA 15 20.8 -4.5 -4.7 2.5
MM 16 -24.2 -0.2 0.4 1.3
DS 20 -39.3 -3.4 6.9 -0.9
BD 21 71.2 17.0 3.5 -11.7
ES 22 0.0 0.0 0.7 -0.5
Dd 23 -0.8 8.1 -13.1 3.7
Ow 30 -0.9 0.8 -0.6 0.2
FAC 40 26.6 0.3 0.0 -0.1
TOTAL 0.0 0.0 0.0 0.0

Table 3.13 - LAS VEGAS WASH NET ACREAGE CHANGE STATISTICS FOR REACH 6.

CLASS 1975-1982* 1982-1984 198471985 1985-1986
SC 10 -18.7 0.2 29.5
MS 11 22.0 9.5 -46.2
TS 12 -28.8 1.2 12.2
RM 13 0.4 0.4 2.0
M 14 0.1 2.6 -1.1
WA 15 4.5 2.7 -2.9
MM 16 © 0.3 1.1 3.8
DS 20 -0.5 0.8 -0.2
BD 21 4.2 -5.7 -5.8
ES 22 0.0 0.0 2.2
Dd 23 11.5 -7.8 4.9
ow 30 4.8 -2.3 1.3
FAC 40 0.3 -2.5 -0.1
TOTAL 0.0 0.0 0.0

* No data exists for Reach 6 in 1975, therefore
Net Change could not be calculated.



Table 3.14 - LASVEGAS WASHNET ACREAGE CHANGE
STATISTICS FOR THE ENTIRE WASH.

CLASS 1975-1982* 1982-1984 1984-1985 1985-1986
SC10 66.0 -87.3 -33.3 115.4
Ms 11 -65.1 36.1 -34.1 -66.0
TS 12 -46.6 -39.7 39.0 -32.3
R¥ 13 92.5 -5.0 17.7 18.5
cn 14 -124.4 -30.4 -101.4 -38.2
WA 15 19.6 3.3 4.6 -3.8
MM 16 -101.0 9.0 12.3 37.3
DS 20 -126.2 -7.8 4.0 -16.0
BD 21 68.1 46.4 -7.9 1.3
ES 22 -10.1 32.4 111.6 -77.8
Dd 23 143.5 11.9 3.1 82.5
ov 30 13.6 30.6 -13.4 -20.5
FAC40 40.1 0.5 -2.2 -0.3
TOTAL 0.0 0.0 0.0 0.0

*Net Change values are for reaches 1 through 5 only.

Tables 3.15 = 3.41 show the specific vegetation changes between
years, by reach, by species. In Table 3.15 acres and types of vegetation
present in 1975 are compared with the acres and types of vegetation
present in 1982. For a given vegetation type, going across a row in the
table gives acres of the specific vegetation type that stayed the same or
changed to another vegetation type in 1982. Table 3.15 shows that 15.8
acres remained salt cedar (SC) in 1982, while 1.6 acres changed to mixed
shrub (MS) , .8 acres changed to reed marsh (RM), and so on. Reading down
the columns shows the number of acres of salt cedar that stayed the same
or were a different vegetation type in 1975. Table 3.15 shows that 15.8
acres of salt cedar in 1982 had been salt cedar in 1975, also, and that
3.1 acres had been mixed shrub, that .6 acres had been mixed marsh, and so
on. The total column on the right is for the first year, i.e. 1975, and
the total row across the bottom is for the second year, i.e. 1982. The
bottom right number is the total acres for the reach. (See Section 4.3.2
~ Rasterization Effects - for a discussion of the differences in acreages
reported between Tables 3.1 = 3.14 and Tables 3.15 - 3.41.)



Table 3.15

REACH 1

CHANGE TN ACREAGESBE TWEEN 1975M0 1962

1962

A ——
m 1] fn (w | NA m DS BD €S Cd o FAC  TOTA
€ 15.% 1.6 00 06 0.3 0.1 1.3 1.5 0.0 0.0 0.0 59 0.0 216
5] 31 Wi 0.0 0.2 0.0 o.r 0.3 1.7 0.0 0.0 0.0 0.9 0.¢ 269
15 00 o0 H I T 0.0 0.0 00 00 0.0 00 0.0 00 00 0.0
R 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0
o | 0.0 £.D 00 00 00 0.0 05 0.0 0.0 0.0 0.6 00 0.0 0.5
" Y 6.0 aa 0.0 0.0 0.0 0.0 00 aD 0.0 al 0.0 0.0 0.0
m 06 ac 0.0 0.0 0.1 0.2 1.1 0.1 0.0 0.0 a0 3.7 0.0 5.6
13 1.3 &3 0.0 G 0.7 0.0 05 3.0 01 0.0 0.0 6.3 g0 3282
4] 0.0 0.z o.0 0.0 0.0 0.0 0.0 0.6 2.3 6.0 0.0 0. 0.0 1.0
1.0 1.7 0.0 0.3 £.0 00 0.0 .6 0.0 00 00 0.2 0.0 3L
bd 0.0 0.0 0.0 0.c 00 0.0 6.0 00 0.0 G.0 00 0.0 00 6.0
o 17 0.3 0.0 0.3 0.0 0.1 09 0.0 0.0 0.0 0.0 3.6 0.0 16.9
FAC 0.0 6.0 00 0.0 0.c 0.0 0.0 00 0.¢ 0.0 00 0.0 0.0 00
TOTAL xS 234 0.0 2.3 11 LR 1 L6 3074 0.6 0.0 0.0 307 8.0 399.7*
"See Section 4.3.2 for a discussion of the effect of rasterization on
acrese calculations.
Table 3.16
REACH 1
CHANGE IN ACREAGES BETMEEN 196; AND 1954
198
m-
1982 SC . 1} L] o B m 1.3 BD ES Dd (1] FAL TOTAL
SE 6.9 Lz 0.0 ] 0.0 0.0 0.0 1.1 0.0 6.6 0.0 7.7 0.0 295
[ 2.1 1€.6 0.0 0.0 0.0 a0 0.0 0.0 0.0 L1 0.0 33 0.0 231
15 0.0 0.0 0.0 (] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M €3 C.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.7 0.0 23
8] 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 al 1.0 0.0 1.1
(17} o.¢ £.0 3.0 0.0 0.0 0.0 0.0 0.2 0.0 0.2 6.0 0.2 0.0 0.¢
m L.o 0.1 6.0 0.C 0.0 0.0 0.0 0.0 0.0 0.0 hR W 8.0 1.6
D3 6.2 P.3 0.0 0.0 0.0 0.0 0.0 3.4 a.C a2 0.0 23 0.7 3074
B 0.0 6.0 0.c 0.0 0.0 0.0 0.0 0.0 0. 0.0 6.0 0.0 vl 1N}
ES o] G.o 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0
Do 0.0 =9 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.4
oM 0.9 6.3 0.0 0.0 0.0 0.0 0.0 0. 0.0 2.5 0.0 21.p 0.0 30.7
FAC 0.0 R ¢.0 0.2 0.0 0.0 0.0 0.0 0.0 0.9 6.9 0.0 0.2 <.
T 125 2.¢ 0.0 0.0 0.0 0.0 00 X¥5.¢ 8. 3.7 4.0 L6.6 4.0 3997



Table 3.17

REACH1

CHANGE IN ACREAGES BETUEEN 1986 AND 1985

1985
1986 5C s 15 " )| A m DS BD ES Dd o FAC  TOTAL
5C 3.2 0.1 0.0 0.0 0.2 0.0 L7 0.6 9.0 5.2 0.0 1.5 6t 125
(] 16 11.9 0.0 0.0 0.0 0.2 0.0 0.2 0.0 5 3 00 18 00 209
T$ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 40 0.0 0.0 00 0.0 0.0
R 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 00 00 0.0 0.0
WA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0
ml 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 30 00 00 00 0.0
0s 2.1 2.1 0.0 0.0 0.6 0.0 0.7 2966 0.1 1.1 0.0 1.5 0.0 305.6
B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 03 (FR1] 0.0 00 0.0 06
ES 06 0.0 0.0 0.0 0.2 0.1 1.3 0.2 0.0 r.2 0.0 3.2 0.0 137
bd 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 wi R v Sauv G0 v.0
o 18 0.6 0.0 0.0 2.3 0.1 8.6 0.6 0.0 5.6 0.0 22.3 00 166
FAC 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 .0 0.0 00 0.0 0.0
-m-w R TR JREE R
TOTAL 9.6 4.9 0.0 0.0 3.1 0.6 126 2982 0.5 25.2 0.0 353 0.0 399.7

Table 3.18
REACH 1
CHANGE IN ACREAGES BETWEEN 1985 AND 1986

1986
1965 SC s 15 ™ om B m 1 BD £S Dd ] FAC  TOTAL
SC 56 13 00 0.0 0.3 0.0 1.7 0.3 0.0 .0 0.0 0.5 0.0 9.6
s 16 11.1 0.0 0.0 0.0 0.0 0.8 13 0.0 01 0.0 0.2 0.0 169
TS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0
R .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(] e €2 0.0 0.0 0.6 0.0 0.9 0.3 0.0 .0 0.0 0.3 0.0 i
WA 0.2 0.0 00 00 0.0 0.0 0.2 0.0 0.0 &0 0.0 0.0 0.0 0.6
m 15 03 00 21 6.6 0.0 1.5 0.2 0.0 &l 0.0 0.5 C.0 12.6
DS 2.6 6.2 00 00 0.6 0.0 28 2873 0.0 6.2 0.0 0.7 00 2962
%) 01 00 0.0 0.0 0.0 0.0 0.0 0.0 g1 &0 0.0 8.0 3.0 0.5
ES 6.6 05 00 0.0 0.3 0.0 11.8 03 0.0 i9 0.0 5.6 0.0 25.2
V] 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0
o 19 06 0.0 08 1.0 0.0 13.0 0.2 0.1 1.3 00 162 0.0 353
FAC 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 £ 0.0 0.0 0.0 0.0
0TAL la.2 179 00 30 3.4 0 %8 290.6 05 L7 0.0 239 00 3997



Table 3.19

REACH 2

CHANGE (N ACREAGES BETWEEN:978 AND 1982

1982
1975 S " 15 R o WA b { b5 BD ks Dd o FAC  TOTAL
SC 373 6.2 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 2.2 53 0.0 539
s 95 206 0.0 0.0 0.0 0.0 0.0 2.1 0.6 0.0 0.0 0.8 0.0 33h
T$ 00 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
R 16 2.3 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 6.5
cn 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WA 03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.6
nn 4.1 3.1 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.7 0.0 8.8
DS 33 6.3 0.0 0.0 0.0 0.0 0.0 483 0.0 0.0 0.0 0.3 00 156.3
BD 13 1.7 0.0 0.0 0.0 0.0 2.0 6.5 0.6 0.0 0.0 0.2 0.0 8.3
ES 07 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 i) wi 0.0 0.0 1.2
Dd 1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 0.0 0.1 0.0 1.8
ow 17 0.0 0.0 0.0 0.0 0.0 0.1 01 0.0 0.0 0.0 0.6 0.0 2.1
FAC 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
61.2 138 0.0 00 0.2 00 02 1522 1.0 0.0 2.2 8.6 0.0 5.1

Table 3.20
REACH 2
CHANSE TIN ACREAGES BETMEEN 15£2 AN3 1986

| 1984
1982 SC s 15 RN o WA m DS B0 £S 0d o FAC  TOTAL
SC 436 76 0.0 0.0 0.0 0.0 00 0.6 0.2 L8 0.2 (% 3 0.0 61.2
ns r2 321 0.0 0.0 0.0 0.0 0.0 1.5 0.0 1.9 2.6 1.1 0.0 63.9
15 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rn £.0 00 0.0 0.0 0.0 0.0 0.0 c.0 0.0 0.0 0.0 0.0 0.0 0.0
on 0.0 02 0.0 0.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0 a.0 0.2
WA 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
nn 0.1 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.2
DS 0 03 0.0 0.0 0.0 0.0 00 4516 0.0 0.2 0.0 0.1 00 4523
B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 1.0
ES 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dd 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0 2.2
N 17 1.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 1.8 0.0 3.7 0.0 8.b
FAC 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL r9.5 8.7 0.0 0.0 1] 0.0 00 153.8 33 87 26 95 0.0 569.]



Table 3.21

REACH 2

CHANGE IN ACREAGES BETWEEN 31984 AND 1985

1985
1984 SC " 18 RK o H} ) s 8 [ Dd oW FAC TOIAL
S 25.1 15 0.0 0.0 0.0 0.1 0.0 09 0.1 10.6 1.1 3.1 8.6 9.5
ns 1.1 213 0.0 0.0 0.0 0.0 0.0 1.5 0.7 8.1 1.3 1.7 0.0 b1.7
15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
i 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
om 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M 0.5 1.2 0.0 0.0 0.0 0.0 0.0 ul.5 0.2 0.7 0.6 0.2 0.0 6538
80 2.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 33
ES 0.2 0.6 0.0 0.0 0.0 0.0 0.0 0.6 0.0 5.6 0.1 1.7 0.0 8.7
bd "l 1.% bR .0 O u.g 0.0 0.2 0.3 LN 0.0 0.0 0.0 2.6
o 0.6 0.6 0.0 0.0 0.0 0.0 0 0.4 0.0 58 0.3 2.1 0.0 8.5
FAC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL 30.3 k2.2 0.0 0.0 0.0 0.1 0.1 45131 20 307 34 9.1 0.0 569.1

Table 3.22
REACH2
CHANGE TIN' ACREAGES BETWEEN 1985 ANO 1986

1986
1985 SC ns 15 RN v} ') m bs B £s Dd o FAC  TOTAL
SC 25.1 1.8 0.0 0.0 0.6 0.0 0.0 05 0.6 0.6 0.9 0.4 0.0 303
ns 6.4 27.1 0.0 0.0 0.0 0.0 0.0 £.3 08 1.8 1.2 0.3 0.0 622
[ 0.0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
R 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0
o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
RA 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.9 0.0 0.0 0.0 0.0 0.0 0.1
| 0.1 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.1
1] 1.3 1.6 0.0 0.0 0.0 0.0 0.0 6.2 28 0.5 0.3 0.3 00 511
8 0.1 0.3 0.0 0.0 0.0 0.0 0.0 00 16 0.0 0.0 0.0 0.0 2.0
13 13.3 1.2 0.0 0.0 0.1 0.0 0.2 1.3 0.0 12L 0.1 2.1 0.0 30.7
0.5 0.2 0.0 0.0 0.0 0.0 0.0 03 ro 0.9 1.5 0.0 0.0 35
o 6.5 01 0.0 0.0 0.0 0.0 0.0 0.1 01 0.7 0.0 35 0.0. 91
FAC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL 52.0 326 0.0 0.0 0.1 0.0 0.6 1507 57 17.0 &0 6.7 0.0 5691



Table 3.23

REACH 3

CHANGE IN ACREAGES BETWEEN 1975 AND 1982

1982

1975 SC <] T8 ] 1 WA m s BD ES Dd o FAC  TOTAL
SC 104.5 16.9 00 66 7.1 0.0 1.3 6.0 2.9 al 323 1.0 0.0 1826
[ 130 6.0 0.0 0.0 0.0 0.0 0.0 125 8.2 00 120 0.7 0.0 886
15 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rtl 33 0.0 00 00 0.t 0.0 0.0 0.0 0.0 0.0 53 0.1 0.0 8.9
M 212 1.8 0.0 1.8 .6 0 0.0 0.2 0 S0 91 1.9 0.0 141.1
WA 05 0.0 00 0.0 C.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
(] 129 15 0.0 21 14 0.0 0.1 0.3 0.0 0.0 16.1 0.5 0.0 b2b
bs 56 186 00 0.0 00 0.0 0.0 2156 261 0.0 26 0.3 0.0 2671
BD 6.3 21 0.0 0.1 0.0 8.5 5, . 8 33.5
ES 31 0.1 0.0 0.0 [ 0.0 6.0 a. . .2 .8 . 6.6
Dd 59 20 0.6 0.0 0. 0.0 0.0 0.3 0.0 0.6 0.0 0.0 8.5
au 21 0.0 G0 01 66 0.0 0.0 2.0 0.1 0.0 0.2 6.5 0.0 13.1
FAC 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL 184.6 893 00 92 I 0.0 1.6 231 670 1%.5 187 91.9

Tabled. 2%
REACH 3
CHANSE TN ACREAGES BETWEEN 1982 AND 1986
1984
- - m - C -

1982 SC ] it R ) BA ] s B0 [ bd | FAC  TOTAL
S 1325 13.5 0.0 0.7 6.5 2.1 0.6 2.0 6.2 6.0 15.5 2.0 00 18.¢
" 37 69.8 0.0 0.1 0.0 . . 9 4.8 0.1 2. . . 89.3
TS 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0¢ 0.0 0.0
Rn 05 f.i 0.0 3.8 1.6 . 0 0.9 .2 0.0 L. . 0.9 8.2
nd 0.2 0.8 00 09 265 0.7 0.2 0.0 0.0 0.1 6.6 0.9 0.0 kYAl
T} 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
™ 0.6 0.3 0.0 0.0 c.0 0.9 0.5 0.0 0.0 0.0 0.2 . 0.0 Ll
0s 1.3 8.0 0.0 0.0 0.0 0.0 2262 6.8 0.0 01 0.2 0.0 2131
B 35 0.7 00 0.0 8.0 2.0 0.0 0.5 62.0 0.0 0.0 0.3 0.0 b7.1
S 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dd By 271 0.0 0.1 0.0 . 6 1.5 8 22 1M0.2 18 0.0 1605
o h.2 0.2 0.0 0.0 0.3 0.k 0.2 . il 1.3 0.2 11.5 0.0 18.7
FAC 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL 27 1209 00 56 25 3.6 29 2381 61.0 18 1315 220 0.0 7910



Table 3.25
REACH 3

CHANGE IN ACREAGES BETWEEN 1981 AND 1985

1985

15654 SC " 15 | o WA m Ds BD ES d 14 R TOTAL
SC 101.0 5.6 0.2 0.0 0.3 0.1 1.2 3.0 36 .0 7.5 8.5 00 1627
ns 1.4 820 13 00 00 00 00 108 1.6 4.2 9.2 08 00 1209
15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
Rn 06 01 . 00 08 02 00 00 00 0.2 0.0 3.7 0.0 0.0 5.6
oo 7.1 0.1 0.0 0.0 0.0 0.0 00 00 0.1 LT 189 09 0.0 28.9
WA 09 01 0.0 0.0 0.0 00 0.0 00 .0 2.5 0.0 0.1 0.0 36
ntl 0.8 0.0 0.0 0.0 00 01 0.0 0.0 0.1 0. 1.1 0.3 0.0 2.9
DS 2.6 99 01 00 01 00 00 2190 59 0.1 0.5 0.0 0.0 2381
D 3.2 1.5 0.0 00 00 0.0 0.1 6.8 Lb.1 5.8 8.7 0.8 0.0 610
3 1.6 01 0.0 0.0 0.0 00 0.0 40 6.0 55 0.1 0.7 0.0 78
8.2 27 Xee Cc .0 . 33 b wé 15 03 1> 638 26 0.0 1375

1] 19 0.0 0.0 0.0 0.0 0.0 0.2 0.1 1.8 10.7 2.4 19 0.0 22.0
FAC 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL 1421 106.1 36.9 1.1 06 02 1.9 2387 575 832 1083 145 0.0 7910

Table 3.26
REACH3
CHANGE 1IN ACREAGES BETWEEN 1385 AND 1986
1986
- e s

1983 5 ] T¢ RI o WA m 05 ) £s Dd 1] FAC  TOTAL
5C N1 8.9 0.0 0.0 0.7 0.0 19 1.9 3.6 1.8 52 0.8 00 1121
" 6.0 718 0.0 0.0 0.0 0.0 0.0 119 2.2 0.0 8.1 0.0 0.0 106.1
T8 0.2 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 02 3.8 0.0 0.0 36.9
m 0.1 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.5 0.1 0.0 1.1
o 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 o0 0.6
WA 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
m 0.1 0.0 0.0 0.0 1.0 00 0.3 0.0 0.0 0.1 0.1 0.1 0.0 i.9
Ds 2.5 5E 0.0 0.0 00 0.0 8.0 2171 12.0 0.1 1.2 0.6 0.0 2387
B0 [ 0.6 0.0 0.1 0.1 0.0 0.0 2.7 16.7 0.9 16 0.5 t.0 576
ES 32.1 0.3 0.0 0.0 0.7 0.0 5.2 0.1 1.7 378 w7 33 0.0 .2
Dd 12.7 L6 0.0 0.1 0.0 0.0 0.1 0.8 0.7 05 856 0.1 0.0 1023
o 2.2 0.0 0.0 0.0 1.7 0.0 3.0 0.0 0.3 1.3 03 57 0.3 14.5
FAC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.c 0.0 0.6 .0 0.0
TOTAL i77b 99.5 0.0 0.é &4 0.0 10,5 2%.é 67.3 128 130 1.¢ 0.0 7910



Table 3.27

REACM &

CHANGE IN ACREAGES BETWEEN 1975 AND 1982

1922
1975 §C 5¢ Lt Rn ¢ WA ™ DS BD ES Dd ou FAC TOTAL
§ 59.5 0.6 0.0 a7 19.7 0.0 0.6 0.0 1.7 0.0 0.0 0.0 0.0 827
ns 18.3 56.9 0.0 1.8 50 0.0 0.2 40 9.0 0.0 0.0 0.0 9.1 I3
15 0.0 6.0 0.0 0.0 £.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
[} 0.0 0.0 0.0 1.7 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9
o, 6.0 160 7.9 9.7 1330 0.1 0.0 0.0 0.0 0.0 0.6 0.1 0.0 1813
WA 0.0 a2 0.0 a3 a.l 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9
m 35 as 0.0 2.2 19.6 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 26.0
0§ 1.6 237 0.0 0.3 29 0.0 0.0 1453 209 0.0 0.0 0.0 0.2 1979
BD 1.2 6.3 0.0 0.0 a3 0.0 0.0 30 16.5 0.0 0.0 0.0 b4 28.0
ES 0.0 09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% 0.5 a.l 0.0 0.7 73 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.7
Ou 0.9 0.0 ali 0.0 6.6 6.0 0.0 0.6 0.0 0.0 0.0 0.2 0.0 6.8
FAC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL 937 1006 80 27.h 198 0.1 08 1523 662 0.0 0.7 06 137 6386
Table 3.28
REACH &
CHANGE TN ACREAGES BETMEEN 1982 AND 1954
158
1982 SC " 15 ifl ™ 1) m DS BD ES Dd 4] FAC T0TAL

SC 69.7 1.5 0.0 1.2 1.7 0.0 3.4 0.2 2.2 0.0 0.9 0.0 0.0 93.7
s 3.5 78.1 0.0 1.8 2.2 0.1 0.1 3.4 1.2 0.0 é.0 0.1 0.0 1006
15 0.0 a9 5.1 1.3 0.3 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 3.0
m a.3 a.d 0.0 21.8 2.1 0.0 0.2 0.0 0.2 0.0 1.9 0.0 0.0 27k
)| 0.8 18 0.3 64 1722 0.2 8.3 0.0 0.3 0.0 39 2.6 00 IN.8
WA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
m 0.6 a.l 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.8
D§ al 36 0.0 0.0 0.0 0.1 0.0 1677 LI 0.0 0.0 6.0 0.0 152
BD a.3 a3 8.0 0.0 1.2 0.0 al 0.0 &3¢ 0.0 0.0 a7 0.0 66.1
ES 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dd c.2 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 a7
au 0.0 0.0 £.o 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 8.2 ad
FAC 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.7 13.7
TOTAL 75.6 97.1 5.4 306 1831 0.1 i1 1513 56.8 0.0 16.9 3.7 13.7 6386



Table 3.2%

REACH 6

CHANGE IN ACREAGES BETWEEN 1988 AND 1985

1585
198 S ] % m n RA w DS BD £ Bd 4 FAC 0T
SC 568 85 0.0 05 15 0.0 20 0.3 26 0.0 L4 0.1 756
" 3 13 0.0 2.6 4.2 0.1 0.1 1.2 2.2 0.0 1.8 0.0 511
TS 0.0 0.3 0.0 1.0 3.2 0.0 0.0 0.0 0.0 0.0 0.8 . 5.5
Rn 0.3 1.5 00 26.9 1.7 0.1 0.0 t.0 0.0 0.0 0.1 0.0 00 3.6
on 18.2 2.9 0.3 32 838 98 18 0.1 05 18 5.6 6.2 01 183.2
WA 0.0 . 0.0 0.1 0.2 0.1 0.0 0.9 0.0 0.0 0.0 0.0 0.6
m 0.6 . 0.0 0.6 0.8 0.0 8.1 0.0 0.9 6.0 0.5 0.0 12.1
DS 0.0 3.6 0.0 0.0 0.1 0.0 0.0 1873 0.6 0.0 0.0 0.0 0.0 1513
BD 21 6.0 0.0 01 01 0.0 0.0 1.0 658 06 0.3 0.1 0.2 56.8

ES 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.9
d 09 wl 00 12 39 03 .0 0.9 0.1 0.1 J 0.1 0.0 53
o 1.2 1 0.0 0.0 0.7 0.0 0.0 0.0 0.1 0.3 . 0.6 00 37
FAC 00 0.0 00 0.0 00 | 00 0.0 0.0 00 0.0 00 0.0 13.7 13.7
TOTAL .. 976 0.4 3.1 100.3 10.3 12.1 15.9 526 26 613 5.1 16.0 638.6
abe 3.30
REACHG
CHANGE IN ACREAGES BETWEEN 1985 A% 1986

1586
198% € 1] 15 R CR HA m 1] BD ES Dd o FAC  TOTAL
5 121 6.6 0.0 0.5 3 0.6 0.0 3.0 . 2.2 0.3 0.0 868
s 6.2 69.6 0.0 25 12 06 0.1 32 81 0.0 6.4 0.0 C.0 976
T8 0.0 0.0 0.0 0.1 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 00 0.6
R 1.1 13 00 31 0.7 0.5 0.3 0.0 0.0 0.0 .1 0.9 0.0 %4
cn 2.3 36 00 50  6B.2 3.2 C.5 0.0 0.1 0.0 258 0.1 00  190.3
WA 0.7 13 0.0 02 0.3 0.9 1.5 00 00 0.0 6.5 0.8 00 103
™ &7 1.1 0.0 0.0 0.0 0.0 0.0 00 01 0.0 6.2 0.0 00 121
Ds 0.1 2.9 0.0 0.0 . .0 D.t 1503 21 0.0 - 0.0 0.0 156.0
BD 1.9 1.3 0.0 0.0 0.0 0 0.0 06 .5 0.9 1 0.0 0.1 52.2
€S 11 0.0 0.0 0.0 9.0 .l 0.9 0.0 0.0 0.2 9.0 0.2 0.9 2.6
Dd 5.2 26 00 1.6 9 3 0.3 0.0 06 00 537 .z 00 673
™ 0.6 02 00 0.1 0.6 .1 1.2 00 0.0 0.0 0.3 19 0.0 .4
FAC 0.0 00 0.0 00 0.0 0.0 0.0 00 02 0.0 0.0 0.0 13.8 1.0
TOTAL 9.3 §8.2 0 609 65.6 1.1 5.6 156.1 62 0.3 1010 3.1 139 686




Table 3.31
REACH 5

CHANGE IN ACREAGES BETVEEN 1975 AND 1982

1982

1975 5 ns 18 Rr o L " 0s 80 ES Dd ] FAC WA
SC 69.1 9.7 0.2 15 0.3 0.0 0.0 0.0 1.9 0.0 2.6 0.0 1.2 66.5
] 3121 4639 1.6 1.9 a.6 0.1 0.1 4.1 7.1 0.0 0.2 0.1 23.1 5568
5 8.6 4.5 Il 16.5 25 6.1 0.0 0.0 0.3 0.0 0.0 0.0 0.0 62.7
L 0.6 2.4 0.0 379 0.3 a.2 0.0 0.0 0.1 0.0 0.0 0.0 0.0 Cl2
ul 31 10.6 6.1 235 .2 2.8 3.5 0.0 0.0 0.0 25 0.0 0.0 92.6
LY 0.3 6.0 a.0 0.8 0.2 0.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 1.0
nn 2.0 6.9 a.0 18.7 0.z 0.0 0.1 0.0 0.3 0.0 0.0 0.0 0.0 20.2
03 1.6 216 0.1 0.0 a.l 0.0 0.0 8.7 18.5 0.0 a.b 0.5 0.0 110.8
B 33 20 0.2 .0 1.8 0.0 0.0 1.6 56.6 0.0 0.0 0.0 1.5 85.1
ES 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bd a3 2.1 0.0 1.2 0.9 2.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 6.7
o 0.7 0.6 0.1 0.0 L] 0.0 0.6 0.0 0.1 0.0 a0 0.0 0.0 33
FAC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  36.0 36.0
TOTAL

1982
SC
ns
1
Rn
cn
WA
™
0s
&
ES
Dd
o
FiC

101.5 &8i.1 38 110.0 63.1 213 6.6 766 1550 0.0 53 06 62.1 10%0.2

SC
82.0

Table 3.32
© FEMHS

CHANGE INACREAGES BETWEEN 1982 AND 1984

s 1L Rn o] HA i DS ] ES Dd ] FAC  TOTAL
12.2 0.0 20 1.6 0.1 0.2 c.o 1.8 0.0 1.2 0.5 0.0 101.7

16.3 437.3 0.0 3.1 1.8 a.6 04 0.1 19.8 a.a 3.1 1.2 0.0 606.5

0.1
59
1.7
0.6

0.6
1.2
0.3

0.0
2.0

0.0

0.0

5.7 0.6 0.5 0.8 0.t 00 0.0 0.1 0.0 1.1 2.0 0.0 6.8
7L 0.0 89.5 21 a.8 0.1 0.0 a.2 0.0 37 0.0 a.0 110.2
39 0.0 19 63.8 0.7 1.9 0.0 03 C.0 1l 0.2 0.0 63.5
1.0 0.0 1.6 39 162 00 0.0 0.0 LR a.2 0.0 0.0 213
1.9 0.0 a.l 0.1 00 1.3 0.0 0.0 0.0 0.0 0.6 0.0 1.6
0.6 0.0 .0 000 a.0 a.0 N9 0.1 0.0 0.0 0.9 c.0 72.8

26 0.6 0.0 0.2 a.0 0.1 0.1 150.2 0.0 0.5 0.1 0.9 1553
a.0 0.0 0.0 0.0 0.0 a.0 0.0 a0 0.0 0.0 0.0 0.0 0.0

0.6 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.0 0.0 5.6
a.2 00 0.0 6t a.0 0.0 0.0 0.2 0.0 a.0 0.3 al 0.6
0.0 0.0 3.0 0.0 a.0 0.0 0.0 0.1 a0 0.0 0.0 62.1 62.1

TOTAL 110.5 175.6 10 1061 .2 163 1.1 Ll 1721 0.0 133 2.9 63.0 10906

27



Table 3.33

REACH 5

CHANGE IN ACREAGES BETWEEN 1984 AND 1985

1985
1984 [ | ] 5] A e oS K Es Dd o FAZ.  TOIL
sC 85.6 1.6 0.3 w20 01 0.5 1.3 1.2 0.0 0.0 03 0.0 110.5
s 152 1262 0.9 98 47 1.6 0.5 &4 116 02 01 0.k 00 6756
1] 0.0 0.2 03 62 01 0.2 0o 00 0.1 0.0 0.0 0.0 00 1.0
fn b3 2.6 6.0 966 35 0.4 0.5 0.0 0.1 0.0 0.0 0.0 0.0 106.1
al 15 15 0.0 5.1 Q.8 16 06 0.0 0.1 0.0 0.0 0.0 0.0 54.2
A 0.3 0.1 0.0 23 L2 86 0.5 0.0 0.0 04 0.0 0.0 0.0 163
m 0.0 1.5 1.0 01 03 00 1.8 00 04 0.0 0.0 0.1 0.0 1
0s 0l 13 0.0 0.0 0.0 0.0 0.0 696 01 00 0.0 0.0 0.0 108
80 1.9 1.5 1.8 61 06 00 03 i1 1555 00 QO 0.1 02 1730
£S 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 00 c.o
i 1 o 3.0 22 06 00 0.0 0.0 1.1 0.0 0.7 0.0 0.0 i33
o 6.4 12 0.0 e 0.2 0.0 00 00 0.2 0.0 0.0 09 00 29
FAC 0.0 0.0 0.0 00 0.0 0.0 0.0 00 02 00 00 0.0 628 63.0
TOTAL 106 #62.0 63 1219 598 12.3 4.5 163 170.4 0.6 0.8 2.2 63.11090.8

Table 3.36
REACHS
CHANGE IN ACREAGES BETWEEN 1925 AND 1986

1986
1985 SC " 1§ 1 G UA L 1) B0 ES Dd ou FAC  TOTAL
5C 89.3 96 0.0 5.1 18 0.1 2.3 0.1 1.2 0.0 0.4 0.8 0.0 1106
ns 212 bi3.9 0.0 83 1.1 3.0 0.5 L7 112 0.0 0.3 05 00 6620
18 12 09 0.1 0.2 0.0 0.0 0.0 0.0 0.8 0.0 3.0 0.0 0.0 6.3
" 10 6.2 00 1063 22 6 1.6 0.0 0.1 0.0 0.1 0.0 0.0 1219
s 1.8 09 0.0 68 6.6 3.8 6.0 0.0 C.h 0.0 0.1 0.2 0.0 59.8
WA 0.2 07 0.0 1.6 28 69 0.0 C.0 0.0 0.0 0.0 0.0 0.0 12.3
m 02 0.5 6.0 1.5 0.4 0 1.3 0.0 0.6 0.0 0.0 0.1 0.0 Lo
oS 0.3 28 0.0 0.0 0.0 0.0 0.0 732 0.3 0.0 0.0 0.0 0.0 76.5
BD 36 199 0.1 0.3 0.é 0.0 0.1 0.5 .3 0.0 0.5 0.1 01 IR2
ES 0.0 0.2 0.0 0.0 0.3 02 0.0 0.0 0.0 0.0 0.0 0.0 0.¢ 0.6
Dd 0.1 0.3 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.1 0.0 0.6 0.8
o 04 0.8 0.0 0.0 0.2 0.0 0.0 0.0 0.1 0.0 0.0 0.6 0.0 Y3
FaC 00 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 623 63.1
TOTAL 1.0 b5L.9 02 1303 55 Kt 5.8 756 159.6 0.0 L8 21 62.3 1090.8



Table 3.35
REACHE

CHANGEINACREAGESBETUEEN 9E2AND) 1981

1932 sC 1 T8

3 203.3 18.6 2.8
s 39 B 1.7
5 66 138 13.0
i 0.2 0.0 0.0
(v 0.8 0.8 0.1
HA 0.0 0.1 0.0
] 0.0 0.0 0.0
0s 0.1 0.2 0.0
)] 6.7  10.2 0.2
Es 0.0 0.0 0.0
0d 0.0 0.0 0.0
Ou 0.0 0.0 0.0
lF.AC 0.0 3.0 0.0

TOTAL 2196 1216 117

I .o .-

198 S¢ " i3
SC 19%.6 151 1.4
s 162 905 6.1
15 16 6.0 55
m 0.2 0.1 0.0
o] 09 0.9 0.0
L} 1.2 0.6 Ll
m 0.0 0.0 0.0
0s 0.0 0.2 0.0
)] 26 10.1 36
(S 0.0 0.0 0.0
Dd 1.7 1.7 2.1
o 10 0.6 0.0
FAC 0.4 02 1.5

p m

TOTAL 2225 1276 19.2

1986
Rtl o WA 1] 1] a ES Dd o FAC TOTAL
0.4 1.8 1.1 0.0 0.1 6.1 0.0 2.7 25 0.4 2400
0.3 0.3 0.5 0.2 0.1 89 0.0 6.7 0.5 0.0 1019
0.2 0.1 29 0.0 0.0 7.3 0.0 1.7 0.5 0.6 5.9
1.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12
0.0 3.0 0.2 0.1 0.0 0.2 0.0 0.3 0.6 0.0 6.0
0.0 0.1 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 219 2.0 0.0 .0 0.0 0.0 30.1
0.0 0.2 0.0 0.0 0.1 1291 0.0 1.5 0.7 0.1 1867
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 36.2 35.0
1.7 55 5.6 0.2 28,2 18.2 0.0 1.0 47 31.8 6078
Table 3.36
REACH 6
CHANGE IN ACREAGES BCTWEEN 1981 AND 1985
1985
[ o WA m 0s B Es Dd o FAC TOTAL
0.3 1.3 1.3 0.2 0.1 3.0 0.0 1.2 04 01 2196
0.1 3.2 1.7 00 1.6 59 0.0 0.3 09 0.2 1246
00 00 36 00 0.0 0.5 0.0 0.1 0.0 0.0 17.1
1.4 0.1 00 00 6.0 0.0 0.0 0.0 0.0 0.0 L7
0.1 3.4 0.1 0.1 0.0 0.0 0.0 0.0 0.2 0.0 5.5
0.1 0.2 1.4 0.8 0.0 0.0 0.0 0.3 0.0 0.0 5.6
00 00 0.0 0.0 0.3 0.2 0.0 0.0 0.0 0.0 0.2
00 00 0.0 0w 210 1.0 0.0 0.0 0.0 0.0 282
0.1 0.2 00 03 0 13LS 0.0 0.0 0.7 1.0 1561
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ¢.0 0.0
0.0 c.3 0.0 0.1 0.0 0.3 .0 18 0.0 0.0 1.0
00 00 01 00 00 1.8 0.0 6.0 1.3 0.0 6.8
09 0.0 00 0l 0.0 i.2 0.0 0.0 0.0 313 36.8
2.1 8.7 80 16 285 1681 0.0 3.8 6.0 326 6078



Table 3.37

REACH &

CHANGE IN ACREAGES BETMEEN 1985 AND 1986

1986
1935 5 " % RR | A ] 0s 8D ES Dd o FAC  TOTAL
SC 198.7 5.2 36 1.5 1.9 1.7 0.5 0.1 7.2 0.4 0.4 1.4 0.0 2225
[ 3 383 66.2 10.5 0.3 1.2 0.9 1.0 0.5 7.1 0.0 0.1 0.8 0.0 1271
5 2.1 16 121 0.1 0.1 0.2 0.6 0.0 0.0 0.0 0.0 0.0 0.7 19.3
R 0.2 0.1 0.0 1.6 0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0 2.1
o | 1.2 0.3 0.0 0.t 3.2 0.1 2.2 0.0 0.7 0.0 0.6 1.0 00 8.7
W 2.1 24 0.2 0.2 0.2 2.1 0.3 0.0 0.0 0.0 0.2 0.0 0.0 8.0
m 0.2 0.0 0.1 0.9 0.1 0.0 0.0 0.0 0.3 0.0 6.6 0.0 00 1.6
Ds 0.1 0.3 0.0 0.0 0.0 0.0 00 215 .5 0.0 0.0 0.0 00 295
B 56 6.9 2.8 0.0 0.0 0.0 0.0 1.0 1232 0.9 75 03 03 148.4
£S 0.0 0.0 0.0 0.0 0.0 0.2 3. ey R X 0.3 wi 00 0.0
Da 1.6 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.1 0.0 09 0.0 £.0 38
o 1.0 0.4 0.0 0.0 0.1 0.0 0.1 0.0 0.8 0.8 0.0 0.7 0.0 40
FAC 0.0 0.2 0.3 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 00 311 326
TTAL 2516 839 306 65 7.0 5.3 50 292 1433 2.0 9.1 6.3 322 60n.%



Table 3.38

REACHES §-5

CHANGE 15 ACREAGES BETWEEN 197: aND 1982

1962
1975 sC 1] 1$ RI o] Ua m [ g ES bd +] FAC TOTAL-
SC 266.2 37.0 0.2 7.6 2.6 0.1 3.2 86 6.9 0.0 3.1 18.2 1.2 413.3
NS 76.6 562.2 1.0 13.9 5.6 0.1 0.5 26.6 92.7 0.9 12.2 2.6 32.5 803.9
1§ 8.6 6.5 11 16.5  27.5 6.1 0.0 0.0 0.3 0.0 0.0 0.0 08 27
1] 5.2 6.7 0.0 39.7 0.7 0.2 0.0 0.0 01 0.0 5.3 0.5 0.0 $6.5
ul 36.3 25.9 16.0 66.9  180.8 12.9 3.9 0.2 0.0 0.0 96.2 2.0 0.0 615.3
s 0.8 0.2 0.0 1.1 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 3.0
(7] 23.1 12.7 0.0 236 21.8 0.2 1.6 0.6 0.6 0.0 1b.6 6.9 00 1111
LS 22.6 76.9 g1 0.9 3.6 0.0 0.5 N717.0 (AR 0.0 2.6 16 0.2 13
B0 12.1 311 0.2 0.1 23 0.0 0.0 18.1 8.0 0.0 0.0 L 6.0 1560
ES 5.1 2.3 0.0 0.3 0.0 6.6 8.0 0.6 0.1 0.0 0.2 1.1 0.0 9.7
d 8.1 6.5 0.0 1.9 8.2 2.0 0.2 0.0 0.3 0.0 0.6 0.1 0.0 25.7
o 6.1 1.0 0.2 0.6 1.9 0.1 1.7 0.1 0.2 0.0 02 208 . 0.0 428
FAC 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3%.0 3.9
- - - - w e - - - -
0L 6706 7612 lo.d 18,9 9.4 218 116 12298 2695 0.0 1686 55.7 75.8  3689.2
- Table 3.39
REAES | b
CHANGE IN ACREAGES BETUEEN 1982 AND 1986
1986
I ______ ~
1992 SC n 1 Rn (+] ) r} DS B ES bd o FAC  TOTAL
€ 539.7 66.3 2.8 63 8.6 N 6.2 6.6 16.9 17.8 20.5 22.3 0.6 710.6
" 33.a 715.9 17 5.6 6.3 10 0.7 13.1 6.8 3.0 17.3 6.3 0.0 835
15 6.7 20.3 18.7 2.0 1.2 2.9 0.0 0.0 1.7 oo 217 ¢.5 0.0 62.7
Lig 7.3 8.8 00 1161 58 0.2 1.3 0.0 0.7 1.3 75 0.2 0.0 150.6
cn 3.5 9.5 ] 13.3 265.6 1.8 10.6 0.0 08 0.1 11.9 5.6 6.0 332.7
) 0.6 Ll 0.0 1.7 6.0 16.9 0.0 0.0 0.0 02 0.z 0.2 0.0 2.9
L 1.8 2.4 0.0 0.2 0.1 0.0 18 0.0 0.0 0.0 0.3 5.1 0.0 116
s 36 128 0.0 0.0 0.0 0.1 0.0 12287 99 0.3 g1 2.6 0.0 1258.2
B B9 .3 0.5 0.0 1.5 6.0 0.3 0.7 6.0 0.0 1.9 1.6 L1 396.5
ES 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bd 15 2.0 0.0 0.8 0.2 0.1 0.4 1.5 2.9 22 1126 18 00 168.7
o 6.6 1.8 0.0 0.0 0.6 0.8 C.2 0.1 0.2 3.5 0.2 62.6 t.0 5B.8
FAC o.c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,4 0.0 0.0 0.0  110.0 1108
TOTAL £30.4 880.9 2.1 166.C  271.8 26.0 19.3 1248.] 666.3 30.2 175.2 89.6 111.5 6.D97.¢



Tabie 1.40

REACHES1-6

CHANGE TIN' ACREAGES BETUEEN 1964 AND 1985

1985
1986 sC " ™ ] o A m DS BB ES bd o Fa>  TOTN
5t 465.6 18.8 1.9 8.3 54 1.6 5.7 6.2 10.3 8.8 182 125 0.2 6304
-] 50.6 711.5 6.3 12.5 12.1 3.6 0.6 25.1 21.9 17.1 i2.B 5.9 0.2 8809
™ 3.6 6.9 5.1 1.2 3.3 3.8 00 0.0 0.6 0.0 0.9 0.0 0.0 26.1
] 5.3 6.3 0.0 123.7 5.5 0.5 0.3 0.0 0.6 9.0 3.1 0.0 ot UC.o
o 27.7 54 0.3 8.3 130.9 116 25 01 08 31 5.5 3.3 6.1 2718
WA 2.5 0.6 1.1 25 47 90 i3 0.0 0.0 3.0 0.3 6.1 0. 26.0
m 1.2 2.5 0.0 0.5 1.1 01 99 00 1.6 0.1 19 0.5 0.0 193
| M) 5.9 2A.d 0.1 0.0 06 0.0 0.7 W8 76 i9 1.7 0.0 124%nE
80 12.7 27.6 5.b 0.3 0.7 0.0 0.8 7.9 WS 6.3 1.0 1.7 Lt 6.6
ES 2.2 0.5 0.0 0.0 0.2 0.1 1.3 08 Lo 193 0.2 36 0.6 30.2
bd 12.3 19.6 0.4 3.6 1.8 0.3 . ' . ... 1 2.1 bR R 2.7 RV X%
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4.0RESULTS/DISCUSSION
4.1 OBSERVED VEGETATIONAL CHANGES

The most noteworthy change in the Las Vegas Wash has been the
reduction of marsh habitat, primarily seen as a decline in cattail
marsh; however, reed marsh has also been impacted. Changes are most
evident near Pabco Road. Scouring and draining have drastically changed
the complexion of the two mentioned communities in this area. Upstream
of Pabco Road, a large portion of the marsh has been drained, while a

combination of draining and scouring has reduced marsh habitat
downstream.

The above factors have also been impacting the Wash farther
downstream, thoughout the study period. For instance, in 1975%the
headcutting was evident downstream in Reach 3. By that time the marsh

was already declining, and by 1982, the total acreage had been reduced
80 percent.

Other vegetation types have also changed in various portions of the
Wash. Salt cedar is present throughout the study area, although its
distribution kas been fluctuating. The salt cedar community increased
over the entire Wash between 1975 and 1982. Subsequent years had
declines until 1986, when an increase in distribution was observed. The
1986 increase appears to be the result of the salt cedar’s ability to
quickly establish itself in areas that have been eroded or scoured.

Thistle and smotherweed have invaded disturbed areas, most notably
during 1975 and 1985, in Reaches 5 and 3, respectively. This vegetation
generally appeared to be dead in following years. Vegetation along the
margins of the Wash, such as mixed shrub, remained generally constant
throughout the study period. Exceptions occurred in areas that were
disturbed by burning or mechanical activities or when salt cedar cover
reached 80 percent.

4.2 ACCURACY ASSESSMENT

A certain amount of positional error was probably introduced at
each stage - photointerpretation, transfer, and digitization - of the
project. During photointerpretation, the interpreter had to make a best
judgement decision as to where a boundary between two covertypes
occur ed. Sometimes this was a very distinct line, often it was very
indistinct due to intergrading of species and communities. Since the
focus of this project was year to year change, the photointerpreter had
to be much more aware of where boundaries were drawn between covertypes
from one year to the next. This concern promoted more consistency in
drawing boundaries and identifing covertypes.

Relative positional error during the photointerpretation phase of
the project was probably in the range of .5mm or less (approximately 10
feet), at 1:6000 scale. This assumed a distinct boundary between
covertypes. Uhere there was an intergrading of covertypes, the relative

error was very difficult to define because there was no absolute
boundary.



In the transfer process, the placement of lines to denote
vegetation polygons had to be very precise. By projecting the current
year’s interpretation on plots of the previous year’s interpretation, it
was possible to exactly match polygons that were the same from year to
year. Only vegetation polygons that actually changed shape or size
needed to be drawn in, minimizing, if not eliminating, the problem

of slightly different line placement between years that would normally
be expected.

Due to the software problems associated with the overlay copying
routine and the cumbersome editing process, it was necessary to
digitize all polygons each year, regardless of whether there had been
changes in all polygons. This process did introduce a slight amount of
error. Several experiments were conducted to identify this error. It
appeared that the placement of a digitized line could be incorrect by
the width of a .5mm pencil lead at 1:6000 scale on -the map base, or 3

meters on the ground, as a maximum. This was probably not a significant
error.

The possible digitizing error was considered when selecting a 3
meter cell size for the rasterization process. It was assumed that
picking a cell size of approximately the same size as the maximum
potential digitizing error would prevent the addition of any positional
error that might have been introduced otherwise.

Interpretation accuracy was assessed by a U.S.B.R. biologist who
had studied the Las Vegas Wash area for several years. After reviewing

the first set of interpretations, the biologist found the typing to be
very accurate and at the correct level of detail.

4.3 ACREAGE SUMMARIES
4.3.1 OBSERVED VEGETATION CHANGES

The Las Vegas Wash study area covered a total of 4126.8 acres.
Desert and mixed shrub categories made up approximately 50 percent of
the total area. These classes dominated in the margins of the
floodplain, covering a large number of acres because of the extended
study boundaries. The majority of the barren disturbed lands and
facilities were located along the outer margins of the study area.
Acreage figures varied considerably between the reaches for the other
vegetation types delineated. Therefore, the following discussion
examines acreage summaries of all the delineated covertypes by reach,

with the exception of mixed shrub, desert, barren disturbed, and
facilities.

Reach 1 contained the least amount of acreage, and except for 1986,
salt cedar was the dominant vegetation type. In 1986, the mixed marsh
community was dominant as a result of the establishment of marsh species
on areas that were eroded or scoured in 1984 and 1985, This
establishment occurred primarily along the stream chamnel and on new
sediments in Las Vegas Bay.

Salt cedar was also dominant in Reach 2 throughout the study
period. Marsh species were negligible, with 1975 having the highest
percentage of marsh for the observed years (.025 percent).
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Unlike Reach 2, cattail marsh was abundant in Reach 3 in 1975.
Approximately 144 acres of cattail marsh existed, however, acreages have
significantly declined, with only 4 acres remaining in 1986. Salt cedar
has also been abundant, reaching a peak in 1982 of 192.2 acres, and a
low of approximately 142 acres following the floods of 1984. This reach
has been impacted by erosion and scouring, with a maximum extent in
1985 (84.6 acres). Areas that were formerly vegetated and now appear
dead reached a maximum extent of 160.1 acres in 1982. In general, these
dead areas have not revegetated except for some annual weedy growth.

The impacts of scouring and draining are evident in Reach 4. Over
130 acres of cattail marsh were lost from 1982 to 1986. Reed marsh is
more abundant in this section of the wash, reaching a high of 42.2 acres
in 1986. Wetland annuals have increased in this reach, however they
only comprise approximately .02 percent of the total area, Salt cedar
acreages remained constant in the 75 to 95 acre range in this reach.

Reach 5 has experienced a steady increase in salt cedar. There has
also been a considerable increase in reed marsh from 1975 to 1986,
although of the observed 90 acres, all but 20 acres existed by 1982,
Cattail marsh, however, has decreased in extent by nearly 40 acres since
1975. Wetland annuals have fluctuated while mixed marsh acres have
dropped considerably. Thistle and smotherweed have been reduced from
64.3 acres in 1975 to zero in 1986.

The dominant vegetation type in Reach 6 is salt cedar. This
covertype averaged over 35 percent of the total reach area cover.
Thistle and smotherweed were relatively abundant, although acres

declined significantly in 1984 and 1985. All other vegetation types
are of minimal importance.

4.3.2 RASTERIZATION EFFECTS

The raster acreage files generated as part of the overlay analysis
do not match exactly the numbers of acres reported in the vector files.
There is no difference, however, in the percentage present of a given
covertype for a given reach when comparing the vector files with the
raster files. This difference between raster and vector acreages has
been noted before in other projects. Using 3 meter cells in the
rasterization process helped to minimize the rasterization impact.

4.4 USE OF A DIGITAL DATABASE

To properly manage an area like the Las Vegas Hash, a manager needs
to know what has happened in the area in the past, and how the past
relates to the present. By knowing these things, the manager can make
more informed management decisions. Digitizing photointerpreted data
from previous years and referencing this data to a geographic base helps
the manager see what has been occurring in a given area.

Geographically referenced data in a digital database can be
manipulated, as was done in this project, to show changes between years
- both visually with map plots and numerically with acreage summaries.
This manipulation allows the manager to see the effects of natural and
human impacts on the area in a very clear and precise way. A digital
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database is very easy to update. New information is digitized and
entered into the database as it is received. In this manner, the
database is always current.

The plots and acreage summaries for the Las Vegas Wash area very
graphically show the changes that have occurred in the Wash between 1975
and 1986, especially the decline in marsh vegetation types. By looking
at photos, the manager, or resource specialist, can get a feel for
impacts, but without digitally combining data sets, it is difficult to
see the full impact and extent of the changes occurring in the Wash
area.

A geographically referenced database can contain more than just
photointerpreted data. Some data sets that could be used in a digitai
database are soils information, elevation, slope, and aspect, road
networks, urban centers, mining claims, and ownership. When studying
potential impacts on the Wash, it is much easier to use the computer to
merge data sets in the digital database, than to try to manually combine
data from several different maps onto a single hand-drawn overlay.

By visually seeing the thanges in the Wash between years, and
knowing what natural and human impacts occurred in those years, the
manager can make management decisions for future years. Being better
informed about the area and how it has changed with time, will allow the
manager to make better decisions,

The map plots produced to help the manager are also very useful for
public presentations. Often the public doesnt understand the reasons
for proposed management decisions. Visually showing them what has
occurred over time in an area will help them understand management
decisions and future impacts.
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APPENDIX 1

DOCUMENTATION OF GEOBLOCKS, OVERLAYS, AND CLASS LISTINGS USED IN THE

LAS VEGAS WASH PROJECT

Account Name: LVWASH.LVWASH.GIS
Geoblock Directory File: GDF

Location and Dimension of Geoblocks: LL: 36 00 00 N Xidth: 15.0 min.

115 07 30 W Height: 15.0 min.
UTM Zone 11

Transmatrix File: TXGEOBLO.LVWASH.GIS

Plot Transformations: Las Vegas NE LVNE
Las Vegas Se LVSE
Frenchman Mtn FRENCH
Henderson HNDERSON

Geoblocks and Overlays: GEOBLO 1982 photointerpreted data
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APPENDIX 1 - Continued.

GEOBL4 1986 photointerpreted data
CONTROL (P}
LINE (L)
R1VEG86 (A)
R2VEG86E (R)
. R3VEGS6 (1)
RAVEG86 (&)
RSVEG86 (A)
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GEOBLS 1975 photointerpreted data
CONTROL (P}
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Class Values in Each Overlay:
OVERLAY 1
Class
Class
Class

CONTROL

= All control points.

~ State Plane Points

- Subdivision of 1 for map
registration

wWprpoR !

OVERLAY 2 = LINE
Class 1 = Improved Roads
Class 2 = Trails
Class 3 - Drain
Class 4 - Lateral -
Class 5 = Transect
Class 30 = Open Water

OVERLAYS 3 teo 8 - VEG by Reach

Class 15 - HA
Class 16 = MM

Wetland Annuals
Mixed Marsh

Class 10 -~ SC = Salt Cedar

Class 11 = MS = Mixed Shrub

Class 12 - TS = Thistle/Smotherweed
Class 13 = RM = Reed Marsh

Class 14 - CM = Cattail Marsh

Class 2C = DS = Desert

Class 21 - BD = Barren/Disturbed
Class 22 = ES = Eroded/Scoured
Class 23 - Dd = Dead

Class 30 = OW = Open Water

Class 40 = FAC = Facilities
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Abstract

Comprehensive planning for the Las Vegas Wash (Wash) is evaluating and addressing water
quality and erosion 1ssues. In determining appropriate actions, planmng efforts need to analyze
the volume and frequency of stormwater flows in the Wash and also evaluate stormwater capture
as a potential management strategy in the Wash and/or water resource for Southern Nevada.

Stormwater flows in the Wash were estimated using two independent methods. One approach
uses the estimated daily volume of precipitation that occurs in the Valley based on historical
precipitation gage records and subfracts assumed transmission losses and ground-water
percolation to derive a stormwater flow volume in the Wash. The second approach uses
historical daily mean flows in the Wash and subtracts the estimated baseflow to derive the
remaining stormwater flow. Both methods demonstrate that the average annual stormwater
volume conveyed by the Wash from 1980 to 1997 was less than 3,500 acre-feet per year (afy)
with the highest year between 10,000 afy and 17,000 afy and the lowest year around ¢ to 400

afy.

Frequency analyses on the stormwater flows derived from the second method (daily mean
flows), which are considered more accurate because of the numerous assumptions in the first
method, illustrate that the Wash from 1980 to 1997 has conveyed stormwater flows an average of
13.3 days per year, and 87°0 of these days have yielded stormflow volumes between 1 and 400
acre-feet. Because the average annual volume of stormwater flow is so small and occurs
sporadically and infrequently, preliminary analyses indicate that the facilities needed to capture,
treat, and distribute the water make this potential resource very expensive relative to other
resource options. However, small-scale stormwater capture in the Wash may be a viable
management strategy for riparian habitat and erosion control. Cost-benefit analyses on capture
facilities must consider the volume and frequency of stormwater flows, impacts to return flow
credits and type of capture facilities, reasons for capturing stormwater and the use or disposal of
the stormwater, as well as existing surface water rights.
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Introduction

Comprehensive planning for the Las Vegas Wash (Wash) is evaluating and addressing water
quality and erosion issues. In determining appropriate actions, planning efforts need to analyze
the volume and frequency of stormwater flows in the Wash and also evaluate stormwater capture
as a potential management strategy in the Wash and/or water resource for Southern Nevada.

This paper estimates the volume of stormwater flows in the Wash using two independent
methods, and shows how stormwater is accounted for in the return flow credit methodology used
to determine Nevada’s Colorado River water “credit” from flows in the Wash. Basic premises
on potential stormwater capture both in the Wash as well as upstream of the Wash are also
discussed based on the calculated stormflow volumes and frequency. The information presented
is designed to support policy decisions regarding the feasibility of capturing stormwater flows
for beneficial use. It is not meant to provide a detailed engineering estimate of flows on which to
base design of specific structures.

Las Vegas Valley and Surface Water Flows in Las Vegas Wash

The Las Vegas Valley (Valley) is tributary to Lake Mead and the Colorado River system and
encompasses approximately 1,600 square miles (Figure 1). The urbanized area of the Valley is
located near the central and southern end of the Valley. Elevations in the Valley range from
11,918 feet at Charleston Peak in the Spring Mountains to about 1,500 feet at the eastern edge of
the Valley. The Valley floor in the Las Vegas metropolitan area generally lies between 3,000
and 1,500 feet mean sea level (msl).

The Valley is drained to the southeast by the Las Vegas Wash and its major tributaries, Range
Wash, Las Vegas Creek, Red Rock Wash, Flamingo Wash, Tropicana Wash, Duck Creek,
Pittman Wash, and C-1 Channel (Figure 1). Since the 1950s, the lower reaches of these streams
have been perennial, partly due to their interception of the shallow ground-water table and partly
due to drainage of urban irrigation and treated wastewater discharges (Hines, Cole, and
Donovan, 1993). Today, more than 90°. of the perennial flow on the lower reach of Las Vegas
Wash is comprised of treated wastewater from the City of Las Vegas, the Clark County
Sanitation District and the Advanced Wastewater Treatment Plant, and the City of Henderson
along with raw water returns from Basic Management Incorporated (BMI) (Figure 1). Figure 2
shows annual total flows in Las Vegas Wash from 1980 to 1997 (in acre-feet per year)
downstream of the wastewater treatment plants, BMI returns, and the majority of tributary
inflows.

Perennial baseflow in the Wash is characterized as having three components, 1) intercepted
shallow ground-water, 2) drainage from urban irrigation, and 3) metered returns, which include
treated wastewater and BMI returns. Stormwater flow resulting from occasional precipitation
events adds an additional flow component to the perennial baseflow of the Wash.
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Figure 1. Las Vegas Valley hydrographic basin.
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Figure 2. Annual flows in Las Vegas Wash at USGS gaging stations from 1980 through 1997.

Stormwater Flows in Las Vegas Wash

The separation of stormwater flow from the baseflow in the Wash is difficult, due to the lack of
flow data on main tributaries to the Wash, as well as the variable inflow of urban irrigation and
the unknown volume of ground-water interception. The U.S. Geological Survey (USGS) and the
Clark County Regional Flood Control District (Flood Control District) operate and maintain
surface water gages on many but not all of the tributaries. This lack of data combined with the
vast area of the Las Vegas Valley drainage system and the sporadic nature of precipitation events
over the area make it impossible to definitively measure stormwater flows.

Stormwater flows in the Wash, however, can be estimated by at least two independent methods.
Method 1 uses the estimated daily volume of precipitation that occurs in the Valley based on
historical precipitation gage records and subtracts assumed transmission losses and ground-water
percolation to derive a stormwater flow volume in the Wash. The second approach uses
historical daily mean flows in the Wash and subtracts the estimated baseflow to derive the
remaining stormwater flow. Both methods and their results are presented for comparison
purposes. Because of the relatively numerous assumptions in Method 1, stormwater volumes
derived from Method 2, which uses daily mean flows in the Wash, is considered more accurate.
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Method 1: Stormwater Flows Based on Precipitation

Stormwater flows in the Wash represent only a portion of the precipitation that occurs in the
Valley. Much of the rainfall that hits the ground is captured or lost before it reaches the Wash.
It pools on surfaces, evaporates and transpires from plants, and seeps into the ground prior to
reaching tributaries that drain to the Wash. In order to estimate stormwater flows derived from
precipitation, the actual volume of precipitation over the drainage area of the Wash must be
estimated and the losses calculated between the water hitting the ground and actual flow in the
Wash.

Estimate of Precipitation

The National Weather Service (NWS) maintains (or has maintained) at least ten precipitation
gages that collect precipitation data in and adjacent to the Valley. Some of these gages are at
high elevations where precipitation does not result in stormwater flows to Las Vegas Wash.
Because of this, the actual surface water drainage for the Las Vegas Wash is an area smaller than
the entire Las Vegas Valley.

Figure 3 depicts a January 1998 satellite image of the Las Vegas Valley along with elevation
contours. At an elevation of approximately 4,500 feet msl the mountain blocks grade into
alluvial fans. Above this contour, winter precipitation generally occurs as snowfall, which is the
source of natural recharge to the Valley’s principal ground-water aquifers. Summer precipitation
above 4,500 feet generally seeps into the ground through course sediments prior to reaching the
alluvial fans. Therefore, precipitation contributing to stormwater runoff in the Wash is estimated
to be derived from elevations less than 4,500 feet msl.

The satellite image in Figure 3 also shows a playa in the northwest portion of the Valley below
the 4,500-foot contour. This playa exists because surface water runoff from the northern end of
the Valley (area crosshatched in Figure 3} drains to this location and pools. While this playa has
a narrow channel that connects it to the lower portion of the Valley, it is thought that very little
water from this area contributes to flow in the Wash. Therefore, this area is also not considered
part of the Las Vegas Wash drainage area. Excluding this northern area and portions of the
Valley above 4,500 feet msl resuits in an area contributing to stormwater flows in the Wash of
approximately 923 square miles.

Eight precipitation gages have been maintained by the NWS at elevations less than 4,500 feet
msl (Figure 4) in and around the Valley. Table 1 summarizes the average annual precipitation
for each of these gages over its period of record. Additional agencies (USGS, Flood Control
District, and the Nevada State Engineer’s Office) collect precipitation data in the Valley, but
very few of the gages have daily, long-term precipitation records similar to the NWS gages.
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Figure 3. Estimated drainage area of Las Vegas Wash below 4,500 feet msl.
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Table 1. Average annual precipitation at National Weather Service gages below 4,500 ft msl.

Station Name Elevation Period of Meag Anpugl
(feet above msl) Record Precipitation, in inches
Las Vegas Airport (McCarran) 2,162 1949-1998 4.22
Desert Wildlife Range 2,922 1948-1998 4.42
Boulder City 2,525 1931-1998 5.73
Red Rock Canyon State Park 3,780 1977-1998 12.37
Sunrise Manor 1,820 1961-1987 4.52
North Las Vegas 1,880 1951-1998 433
Indian Springs 3,120 1948-1964 2.90
Nellis Air Force Base 1,881 1942-1993 4.25

Data obtained from:

1} Western Regional Climatic Center (WRCC) 1998. [online 3/99] Western Historical Summaries, Nevada,
“http: www.wrce.dri.eduw/summary/climsmnv.html”

2) Buchanan, 1997

The average annual precipitation in and around the Valley at elevations below 4,500 feet msl
recorded at NWS gages, with the exception of the Red Rock Canyon State Park gage, ranges
between 5.73 and 2.90 inches per year (Table 1). The Red Rock Canyon State Park gage is
believed to have a higher annual precipitation value because of its location in the Spring
Mountains, which results in higher than normal precipitation. Because the annual average
precipitation across the Valley is fairly consistent and a long-term record of precipitation is
needed, the McCarran Airport gage, with an average annual precipitation of 4.2 inches over 59-
years of complete record, is considered in this analysis as representative of precipitation in the
Valley below 4,500 feet msl.

It is important to note that, of the 4.2 inches of average annual precipitation at the McCarran
gage, approximately 1.5 inches occurs during the summer months of May through September.
During these months, moist tropical air from the south/southeast causes scattered and
occasionally severe convective thunderstorm activity. Winter precipitation averages 2.7 inches
per year, and is generally the result of winter frontal systems which tend to be regional in nature
(Buchanan, 1997). This phenomenon was used by French, 1983, to calculate rainfall intensities
based on summer and winter seasons and is one factor used to estimate precipitation losses.

Calculated Estimation of Precipitation Losses

Given the average annual precipitation within the drainage area of the Wash (as determined
above), it is possible to estimate the total potential stormwater flows by multiplying the depth of
precipitation (4.2 inches) by the area of the drainage basin (923 square miles). However, this
assumes all the precipitation runs off the surfaces of the Wash’s drainage area and results in flow
to the Wash, which is not true. In order to estimate the actual ranoff volume from precipitation
in the Wash, losses due to water pooling on surfaces, evaporation, evapotranspiration, and soil
infiltration need to be estimated.
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Precipitation losses within drainage basins have been studied extensively by the Soil
Conservation Service (SCS) (which is now the Natural Resources Conservation Service), the
Army Corp of Engineers, and the National Oceanic and Atmospheric Administration (NOAA)
(to name of few). These studies have resulted in mathematical relationships that derive actual
runoff from precipitation based on factors such as drainage basin size, precipitation intensity, soil
and vegetation characteristics, and channel conveyance characteristics.

Buchanan, 1997, developed a technique that derives actual runoff from historical daily
precipitation data using these established methods for estimating precipitation losses. His
technique was applied to the Red Rock drainage basin, which terminated at the Red Rock
detention basin. Buchanan’s method, which utilizes a Fortran program to compile the data, was
simplified for this analysis, so it could be performed in spreadsheets.

Under Buchanan’s method and this analysis, precipitation losses are estimated in three principal
steps. The first step accounts for the fact that precipitation over a drainage basin is not uniform.
It reduces the recorded daily precipitation based on the size of the drainage basin, interpolated
rainfall intensity, and the season in which the precipitation occurred (summer or winter). This
reduction is calculated using NOAA’s HY DRO-40 area-reduction curves. Step two accounts for
water that does not run off surfaces, and is instead captured in small pools and/or infiltrates into
the ground. This is accomplished by reducing the precipitation volume generated from step one
by estimating losses due to soil infiltration and water pooling on surfaces, which are functions of
soil type, vegetation cover, and soil moisture from precipitation over the previous five days.
These losses are calculated using SCS curve numbers. The third step accounts for transmission
losses as a result of additional soil infiltration once the water begins to flow and is derived using
SCS channel-loss reduction curves. (These three steps are explained in more detail in Appendix

L)
Results of Method 1

Buchanan’s method was applied to the daily precipitation data collected at the McCarran Airport
gage from 1980 to 1997. The analysis shows that the average annual stormwater runoff
estimated to reach the Wash over the 18-year period was between 440 and 5,700 acre-feet per
year (afy), with a most likely 18-year average annual stormwater runoff of about 2,500 afy. The
range in average annual stormwater runoff is a function of which SCS curve number and
transmission loss coefficient is used.

The curve numbers for the drainage area of the Wash is estimated to range from 87 to 93, based
on soil and vegetation classifications, and the transmission loss coefficient is estimated to be 0.15
to 0.65 based on climatic factors and channel characteristics. Figure 5 shows how this variability
derives a range for the 18-year average annual stormwater runoff in the Wash. The curves in
Figure 5 represent different transmission loss coefficients plotted against different curve
numbers. The y-axis then shows the calculated average annual stormwater runoff in acre-feet
per year. The vertical bars on the graph bracket the range of curve numbers and transmission
loss coefficients estimated for the drainage area of the Wash. Thus, the 18-year average annual
stormwater runoff in the Wash ranges from a low of 440 afy (curve number of 87 and
transmission loss coefficient of .15) and a high of 5,700 afy (curve number of 93 and
transmission loss coefficient of .65).
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Figure 5. Range of 18-year average annual stormwater flow in Las Vegas Wash based on
Method 1.

The most likely average annual stormwater runoff to reach the Wash is 2,500 afy and is based on
a curve number of 90 and a transmission loss coefficient of 0.5. These numbers best
approximate the overall characteristics of the Wash’s drainage area, which encompasses about
30%0 developed area (high runoff potential) and 70°0 undeveloped area (low runoff potential).
Developed portions of the drainage area have a higher runoff potential because of impermeable
surfaces (streets and buildings) and drainage channels that are concrete lined or saturated due to
urban irrigation and/or intercepted shallow ground-water (curve numbers 90 to 95 and
transmission loss coefficients between 0.4 and 0.65). This high runoff potential is balanced with
undeveloped areas that have low runoff potential due to exposed soils and drainage channels that
consist of course sediments, which remain dry until it rains (curve numbers 85 to 90 and
transmission loss coefficients between 0.15 to 0.25). Combining both the high and low runoff
potentials in the Valley results in the “most likely runoff.”

Table 2 shows the daily stormwater runoff in acre-feet summed by month under the most likely
annual runoff determination. Many of the months over the 18-year period had no stormflows. In
fact, of the 500 days with recorded precipitation at the McCarran precipitation gage from 1980 to
1997, only 26 of these days (5%) under this method resulted in stormwater flows in the Wash,
the maximum of which was 6,800 acre-feet. Categorizing these runoff events by volume shows
that 18 out of the 26 stormflows events (69°0) are under 1,500 acre-feet.
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Table 2. Total monthly stormwater flows derived from Method 1, based on historical

precipitation.

Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Total

1980 -| 8,097 - - - - - - - - - -1 8,097
1981 - - 1,562 - - - - - - - - -1 1,562
1982 -[ 2,438 4 - - - - - - ) - 1 2,438
1983 - - - - - - - - - - - - -
1984 - - - - - - 1,109 - - -l 1,266 -1 2,375
1985 - - - - - - - - - - - - -
1986 - - - - - - - - - -| 1,687 -1 1,687
1987 752 - - - 3 - - - - - 1,392 - 2,147
1988 - - - - - - - - - - - - -
1989 - - - - - - - - - - - - -
1990 578 - - - - 1 - - - - - - 580]
1991 - - - - - - - - - - - - -
1992 - - 12,894 - - - . . | 3,448 - 1,382] 17,724
1993 -| 5,600 - - - - - - - - - - 5,600]
1994 - - - - - - - - - - -| 846 846
1995 1 2,065 - - - - - - - - - - -1 2,065
1996 - - - - - - - - - - - - -
1997 - - - - - -

18-year average annual stormflow 2,500 afy

This method of determining the volume of stormwater flow reaching the Las Vegas Wash uses
well studied drainage basin characteristics, but only derives a rough estimate of stormwater flow.
A more accurate estimate of stormwater flows can be made by examining actual flow data in the
Wash that has been collected by the USGS.

Method 2: Stormwater Flows Derived from Daily Mean Flows in Las Vegas Wash

The USGS has monitored and published daily mean flows in the Wash since 1957, Daily mean
flows are comprised of baseflows {intercepted shallow ground-water, drainage from urban
irrigation, and treated wastewater discharge) plus sporadic stormwater flows. Using historical
daily mean flows, it is possible to identify stormflow events and calculate the volume of
stormwater by subtracting the estimated baseflow of the Wash during the storm event.

Surface Water Gage Data

Figure 6 shows the locations of four gaging stations operated and maintained by the USGS to
measure flows in the Wash during water years 1980 to 1997. (A water year is from October 1 to
September 30.) Table 3 lists these gages along with their period of record. The common names
used for the gages are the underlined portion of the USGS name.
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Figure 6. U.S. Geological Survey surface water gaging stations in Las Vegas Wash.
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Table 3. Period of records for USGS gaging stations in Las Vegas Wash

USGS Station Number and Name Period of Record
09419800 Las Vegas Wash near Boulder City 1969 - 1984
09419700 Las Vegas Wash near Henderson 1957 — 1988
09419753 Las Vegas Wash above Three Kids Wash near Henderson 1988 — 1698
09419790 Las Vegas Wash below Lake Las Vegas below Henderson 1991 present

These gages collect instantaneous water surface elevations every 15 to 60 minutes. Elevation
data is then converted to discharge in cubic-feet per second (cfs) using a stage-discharge
relationship and then compiled to derive daily mean flows. Daily mean flows are the data
published by the USGS on Las Vegas Wash from 1980 to 1997.

‘When more than one gage is present on the Wash, the USGS is able to compare records between
the gages to derive more definitive daily mean flow values (USGS, personal communication).
Calendar year 1992 is an example of this, when both the Three Kids and Lake Las Vegas gages
were present on the Wash, and each gage had periods of estimated or missing record. Since the
estimated or missing records generally did not occur simultaneously, a complete record could be
generated for each gage. Flow data from calendar year 1992 at the Three Kids gage is used to
help explain how Method 2 functions; calendar year 1992 also has the highest annual stormwater
flow volume from 1980 to 1997.

Separating Stormflow from Baseflow

The daily mean flows in the Wash from January 1, 1980 to December 31, 1997, are shown in
Figure 7, as recorded at the Boulder City gage (1980 - 1981, and water year 1984), the
Henderson gage (1983 and 1985 - 1988), and the Three Kids gage (1989 - 1997). The spikes in
the graph indicate stormflow events in which baseflows need to be estimated in order to
determine the remaining stormflow volume. To separate stormflow volumes from the baseflows,
two things must be accomplished. First, a determination must be made as to when the daily
mean flow values include stormflows, and second, what the actual estimated baseflow is, if the
daily mean flow includes stormflows.

To determine whether or not a daily mean flow in the Wash includes stormflows, an exceedance
threshold is used which approximates the baseflow of the Wash at that period in time plus some
constant flow which accounts for measurement errors and fluctuations in treated wastewater
discharge. If flows exceed the threshold, then they are assumed to include stormflows.

Although the flow rate in the Wash has increased over time (due to increased treated wastewater
discharge and possibly increased urban irrigation and shallow ground-water interception),
examination of daily mean flows indicates that flows in the Wash over a short time interval are
relatively steady. A good representation of the baseflow over a short time interval is the monthly
mean flow. Figure 8 shows the monthly mean flows as well as the daily mean flows in the Wash
for calendar year 1992.
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Figure 7. Daily mean flows in Las Vegas Wash from 1980 through 1997 at the USGS Gages.
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Figure 8. 1992 daily mean and monthly mean flows in Las Vegas Wash.
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To ensure that the exceedance threshold identifies only daily flows that include stormflow, a
constant of 20 cfs is added to the monthly mean flow. The 20 cfs accounts for flow variability in
the Wash caused by fluctuating treated wastewater discharge and gaging errors, which are
generally less than 15% of the total mean daily flow. Comparing the exceedance threshold
(monthly mean flow + 20 cfs) to the daily flow data in the Wash from 1980 to 1997 allows each
day that includes stormflows to be identified (Figure 9).

The second step determines what the baseflow should be during the days that stormflows
occurred. This is accomplished by recalculating the monthly mean flow without the identified
stormflow days. The result is a new monthly mean flow that excludes stormwater flows and
represents the baseflow of the Wash for that month. The volume of stormwater flow then equals

the total daily mean flow minus the calculated baseflow which excludes stormwater flows.
Figure 10 shows the stormflow volume calculated using this method.
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Figure 9. Identified stormflow days in 1992 using a threshold of the mean monthly flow + 20 cfs.
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Figure 10. 1992 stormwater flows resulting from Method 2 using a threshold of the mean
monthly flow 20 cfs,

Results of Method 2

This method, using an exceedance threshold equal to the monthly mean flow + 20 cfs, was
applied to the flow data published by the USGS in Wash from 1980 to 1997. The analysis
showed that the average annual stormwater runoff in the Wash was 3,190 afy over the 18-year
period. Figure 11 shows the yearly stormflow volumes computed for each year and its relative
proportion to the annual baseflow in the Wash. Examining the stormflows on a daily basis over
the 18-year period showed that 239 days (out of a total of 6,575 days) had stormflow events, and
87%¢ of these stormflows ranged between 1 and 400 acre-feet.
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Figure 11. Yearly stormwater flow volumes from 1980 to 1997 resulting from Method 2 using a
threshold of the mean monthly flow + 20 cfs.

Alternative for Method 2: Median + 20 cfs

An alternative exceedance threshold can be utilized to determine when stormflows occur and
how the baseflow is estimated. Instead of using the monthly mean flow + 20 cfs, the monthly
median flow + 20 cfs can be used. Utilizing the monthly median flow slightly lowers the
exceedance threshold that determines if the daily mean flow incorporates stormflows. This is
because the median is not affected by a few high flow days like the monthly mean flow. Figure
12 shows both the mean and median thresholds applied to flows in the Wash for 1992. The
graph shows that the median threshold identifies a few more days than the mean threshold. In
addition, the baseflow, from which the total flow on identified stormflow days is subtracted, is
derived from the monthly median flow. Figure 13 depicts the use of an exceedance threshold
equal to the monthly median flow + 20 cfs and a baseflow on stormflow days of the monthly
median flow.
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Figure 12. 1992 monthly mean and monthly median flows in Las Vegas Wash,
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Figure 13. Stormwater flow volumes resulting from Method 2 using a threshold of the monthly
median flow + 20 cfs.
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The monthly median 20 cfs alternative was applied to the flow data published by the USGS in
Wash from 1980 to 1997. The analysis showed that the average annual stormwater runoff in the
Wash was 3,390 afy over the 18-year period, an increase of only 200 afy compared to the
previous method which used the monthly mean flow + 20 cfs as the exceedance threshold.

Alternative for Method 2: Median + 0 cfs

To examine the influence that the 20 cfs addition to the monthly mean or monthly median flow
has on the stormflow volumes, an exceedance threshold equal to just the monthly median flow,
without the additional 20 cfs, was applied to the flows in the Wash from 1980 to 1998. When
this is done, half of the days in every month over the entire 18-year period are identified as
having stormflows, since the median is the middle ranked number in a data set. The identified
stormflow days were then subtracted from the individual monthly medians to derive the
stormflow volume. Application of this threshold and baseflow calculated an 18-year average
stormflow volume of 4,920 afy. This volume of stormflows clearly over estimates the actual
stormflow volume but does calculate a hypothetical maximum. It also demonstrates that both the
Mean + 20 cfs and Median + 20 cfs methods calculate very representative stormwater flow
volumes for the Las Vegas Wash. Figure 14 compares all three results of stormwater flow
calculations based on historical daily mean flows in the Wash from 1980 to 1997.
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Figure 14. Comparison of annual stormwater flow volumes resulting from Method 2 using the
three different thresholds.
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Comparison and Evaluation of Methods 1 and 2

Similar stormflow volumes in Las Vegas Wash were calculated using both the historical daily
precipitation data for the Las Vegas Wash drainage basin (Method 1) and the historical daily
mean flows in the Wash (Method 2) (Table 4).

Table 4. Comparison of results from Methods 1 and 2.

18-year Average Annual

Method 1. (Precipitation) Stormflow from 1980 to 1997

Range dependent on drainage characteristics 440 afy to 5,700 afy
Most likely stormflow 2,500 afy

Method 2. (Daily mean flow)

Exceedance threshold — monthly mean + 20 cfs 3,190 afy
Exceedance threshold = monthly median + 20 cfs 3,390 afy
*Exceedance threshold monthly median + 0 cfs 4,920 afy

The use of an exceedance threshold equal to the monthly median flow without an additional 20 ¢fs, in Method 2,
represents an unrealistic maximum stormflow and is listed only to show the validity of the other estimates.

While both methods give similar results (Figure 15), the stormflow volume calculated using
Method 2, which uses historical daily mean flows in the Wash, is considered more accurate,
because of the relatively numerous assumptions in Method 1. Method 1 is based on statistically
derived loss factors that are applied to the daily precipitation volume. These losses, while well
studied, may not accurately represent actual conditions in the Las Vegas Valley. Historical daily
mean flows in Las Vegas Wash, on the other hand, represent the results of both actual
precipitation and actual precipitation losses in the Valley.
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Figure 15. Comparison of annual stormwater flow volumes derived from Methods 1 and 2.

Return flow credits

Nevada’s apportionment of Colorado River water is based on consumptive use or “net” use units.
Consumptive use is defined by the laws governing Colorado River water as “diversions less
return flows.”

Nevada is apportioned 300,000 acre-feet of Colorado River consumptive use. Because Southern
Nevada returns flows back to the Colorado River (i.e., Lake Mead) that were originally Colorado
River water mostly in the form of treated wastewater via Las Vegas Wash Nevada receives a
credit for that volume and therefore can take or divert that much more Colorado River water in
the same year. Return flow credits constitute about a third of Southern Nevada’s permanent
resource. (1999 SNWA Water Resource Plan)

Of the four sources of flow in the Wash, metered returns (i.e., treated wastewater and BMI
returns), urban runoff, intercepted shallow ground-water, and stormwater, Nevada receives credit
for only those return flows that are considered Colorado River water. Nevada, by definition,
does not get credit for returned Las Vegas Valley ground water or stormwater.

In 1984, the Bureau of Reclamation and the Nevada Colorado River Commission (CRC) agreed

upon a method to calculate how much of the flows in the Wash would be Colorado River water
and therefore a “return flow credit,” and how much would be ground water and stormwater.
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Stormwater calculated using Method 2, mean monthly flows 20 cfs as described in this paper,
was developed by the CRC to derive stormwater flow estimates for use in the return flow credit
methodology. In the return flow credit methodology, all flows in the Wash are summed to the
total gage flows as measured by the USGS. Total gaged flows equal metered return flows plus
estimated stormwater flows plus urban runoff and intercepted shallow ground-water. (Urban
runoff and shallow ground-water are called “accruals” or “unmeasured returns” in the return
flow credit method.) (Figure 16)
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Figure 16. Total annual flow in Las Vegas Wash from 1980 to 1997 showing the flow
components used in Nevada’s return flow credit methodology.

By simple math, if stormwater is estimated higher, then accruals are correspondingly lower,
because the total gaged flows and the treated wastewater return flows are known (fixed). Since a
higher estimate of stormwater flow results in lower accruals, the Colorado River component of
the accruals for which Nevada receives return flow credit is also lower. Because of this
mathematical relationship among the volumes of the different flows in the Wash — particularly
the accruals and stormwater estimates of stormwater need to be as accurate as possible, so that
potential capture of stormwater does not capture existing resources (i.e., accruals).

Potential Capture and Use of Stormflows

Because Nevada does not receive Colorado River return flow credit for stormwater flows
generated from the Las Vegas Valley, there may be some potential benefit to capturing
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stormwater flows without reducing the regions Colorado River water resources. These beneficial
uses include water resources augmentation, reduction of erosion, and water quality improvement.
Ideas for stormwater impoundments have centered on either capturing stormwater flows once
they’ve reached the Wash or capturing the flows before they reach the Wash in existing
detention basins. The stormwater flow-volume analysis summarized in this paper provides
information on historical stormwater flows which is useful for discussing stormwater capture
both upstream and in lower Las Vegas Wash,

Stormwater Capture Upstream of Lower Las Vegas Wash

Discussions on stormwater capture facilities have brought up the concept of potentially utilizing
existing Flood Control District detention basins to capture stormflows. Currently there are
approximately 39 detention basins (total capacity approximately 30,000 af) in the Las Vegas
Valley (plus 30 proposed basins) that are designed to reduce peak flows by temporarily detaining
stormwater for less than 48-hours and releasing it through flow-reducing structures (Figure 17).
These facilities are designed to contain a 100-year storm event, which means that the basin has a
1°¢ chance of filling to capacity in any given year or statistically will fill to capacity once in 100-
years. This design criteria meets the legal objective of the Flood Control District which is to
protect life and property by conveying stormwater flows through the Las Vegas Valley. Because
of the design criteria, existing detention basins can not be used to store stormwater. Stormwater
capture above the Wash is then reduced to three primary alternatives, 1) expand existing
detention basins, 2) construct new retention basins, or 3) retain, treat, and convey stormwater out
of existing detention basins in a period less than 24-hours via artificial recharge or
treatment/distribution system.

While existing detention facilities could theoretically be expanded or new facilities constructed,
the volume of stormwater potentially captured in these basins on a yearly basis is equal to or less
than the volume capturable in the Wash. This is because each detention basin only captures a
portion of the stormwater flows in the Valley based on its location within the Las Vegas Valley
drainage system. Capturing stormwater volumes which approximate the average annual
stormwater runoff in the Wash of 3,190 afy would require constructing or expanding at least as
many facilities as are currently operated by the Flood Control District, and the facilities would
have to tie into existing structures.

Constructing individual treatment/distribution systems on existing or new detention basins to
capture and utilize only a portion of stormwater flows above the Wash is no doubt more costly
than a single system constructed in the Wash. Capture of stormwater in the lower Wash is
discussed in the Stormwater Capture in Lower Las Vegas Wash sub-section.

Capturing stormwater in existing detention basins for artificial recharge into the Valley’s
aquifers was examined by Bax-Valentine, Preator, and Hess, 1990, and by Buchanan, 1997.
Bax-Valentine, Preator, and Hess examined the economic feasibility of constructing wells in two
existing, off-channel detentton basins and recharging stormwater. The study concluded that
these two detention basins (the North Las Vegas Detention Basin and the Meadows Detention
Basin) should not be used for artificial recharge of stormwater due to potential water quality
concems for the principal aquifer, which supplies 15%¢ of the Valley’s water resources. The
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study also concluded that it was not economically feasible to use this type of recharge in the Red
Rock Detention Basin which is located upstream of the urban area where stormwater quality may
not be an issue. Cost of artificial recharge of stormwater in the Red Rock Detention Basin at the
titne was over four times the cost of delivering Colorado River water to the Las Vegas Valley.

In 1997, Buchanan re-examined the potential of artificially recharging stormwater; he also
concluded that water quality restrictions were a major obstacle. Legally, only potable water can
be recharged into the aquifer; therefore, stormwater would have to be treated to potable standards
prior to recharge. Buchanan also concluded that the volume of stormwater that might meet
recharge standards (generally in detention basins on the peripheral areas of the Las Vegas
Valley) is small. He pointed out that cost-benefit analyses on the use of stormwater need to take
into account the “significant temporal variability of stormwater flows™ and that “the use of
[annual] average flows in an economic analysis will not provide an accurate estimate of the
return investment for a [stormwater]) harvest/recharge system.”

Stormwater Capture in Lower Las Vegas Wash

Many discussions on stormwater capture have also focused on capturing stormwater in or
adjacent to the lower Wash. When considering whether stormwater capture in the lower Wash is
economically feasible, the following four factors should be considered: 1) the volume and
frequency of stormwater flows, 2) impacts to return flow credits and type of capture facilities, 3)
reasons for capturing stormwater and the use or disposal of the stormwater, and 4) existing
surface water rights. Each of these factors is discussed briefly.

Yolume and Frequency of Stormwater Flows

The frequency of stormflow in the Wash from 1980 to 1997, based on actual daily mean flows,
shows that the Wash has conveyed stormflows an average of 13.3 days per year (Figure 18), and
87%¢ of these days have yielded stormflow volumes between 1 and 400 acre-feet (Figure 19).
The analysis also shows that 43% (102 out of 239 days) of the stormflow days occurred during
two or more consecutive days. In addition, 59° of the total stormflow volume that flowed down
the Wash from 1980 to 1997 occurred during the winter months of October through the end of
April. These statistics combined with the fact that the average annual stormflow in the Wash
from 1980 to 1997 is approximately 3,190 afy is the foundation on which to consider future cost
analyses associated with a facility design option.
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Figure 18. Number of stormflow days in each year from 1980 to 1997.
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Return Flow Credit Impacts and in-Wash Capture Facilities

Design of stormwater capture facilities will depend on the reason the stormwater is being
captured and how the stormwater will be disposed of or utilized. If Colorado River return flow
credits are not to be captured, the basic design must capture only stormflows. To do this the
basic design of the facility will have to be similar to Lake Las Vegas. At Lake Las Vegas the
baseflow of the Wash is routed under and around the reservoir (Lake Las Vegas), only during
high flow events caused by stormwater flows does the flow in the Wash enter the reservoir. A
stormwater capture facility would also have to function in this manner, and by its basic design
will not be able to capture the entire annual average stormwater flow of approximately 3,190 af.

Two basic design options exist for a stormwater capture facilities, 1) a facility that leaves the
baseflow of the Wash in the main channel and exclusively diverts stormwater flows to a large
off-stream retention basin that retains the majority of stormwater flows, or 2) a facility that
diverts the baseflow of the Wash around a portion of the main channel and has a large retention
(or detention) basin in the main channel. Under both options the basin would have to be sized
appropriately, take the 100-year flood plain into consideration, and equip the diversion structure
with entrance gates that enable the volume of water routed through the facility to be regulated.

The size of a constructed retention/detention basin would depend on the reason the stormwater
was captured. If the purpose was to capture the maximum volume of stormflow, the retention
basin would have to have a capacity of at least 800 acre-feet (80 acres, 10-feet deep). The
stormflow frequency analysis showed that 8§7°o of the stormflow days were between 1 and 400
acre-feet and that 43°0 of the stormflow days occurred consecutively over two or more days.
Therefore, a facility smaller than 800 acre-feet would only be able to capture a portion of the
43%, of the events that occur consecutively and would capture less than 87° of the total
stormflow days. Even a facility twice this size (1,600 acre-feet) would not capture all
stormwater flows, because storm events do occur over 4 or more days or at extremely high
volumes like the recent September 1998 and July 1999 events.

Construction of a stormflow retention basin would also have to consider impacts to the 100-year
flood plain. According to federal regulations enforced by the Federal Emergency Management
Agency (FEMA), new construction generally is not allowed to raise the 100-year flood plain by
more than a foot, and if it does, land within the modified 100-year flood plain may have to be
purchased by the entity modifying the flood plain. Design criteria for an off-stream retention
basin would have to adhere to these guidelines.

Entrance gates or weirs, regulating flow through the facility, would also have to be capable of
accommodating the variable flows of the Wash to avoid diverting baseflows and impacting
return flow credits. This is because the baseflow in the Wash over the course of a day varies by
as much as 50 cfs as a result of daily operations at the wastewater treatment plants (Figure 20).
This varied flow, combined with additional seasonal variability and gradually increasing flows
caused by additional treated wastewater flows, make the design of the regulating gate, weir, or
other control structure critical. Overall, the design of both the detention/retention basin and
diversion control structure will restrict the volume of stormwater flows that could be captured to
a volume less than the calculated average annual stormwater flow volume of 3,190 af.
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Figure 20. Example of fluctuating daily flows in Las Vegas Wash.

Reasons to Capture Stormwater and Use or Disposal of the Stormwater

The use or benefit of captured stormwater is the key criteria for determining if it is economically
feasible to capture stormwater flows. Use of stormwater flows could range from augmentation
of existing water resources by treating the water to potable standards to simply containing
stormwater flows to avoid the addition of non-point source pollution (carried by stormwater) into
Lake Mead (the receiving body of water for the Las Vegas Wash) or reducing erosion in the
Wash channel.

Augmenting water resources in the Valley would require treating the stormwater to a specific
standard depending on use. Treatment facilities would have to be capable of treating water with
a varied water quality and would have to be able to treat the retained volume of stormwater in a
relatively short period of time. Stormwater quality is anticipated to vary with the magnitude of
runoff event and the location of the rainfall. These factors influence the concentration of
different dissolved, chemical constituents in the water and will vary the amount of suspended
sediments in the stormwater. Treatment facilities would also have to be capable of processing
the water relatively quickly due to losses of water and concentration of salts from evaporation.
Yearly evaporation rates for Lake Mead exceed 6.5 feet per year and would be higher for a
smaller body of water like a stormwater retention basin.
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Capturing stormwater to reduce non-point source pollution carried by stormwater is also a
possibility. Currently there are no numerical water quality standards for primary stormwater
contributions to the Wash under the Flood Control District’s National Pollutant Discharge
Elimination System (NPDES) permit. Under this permit, the Flood Control District has sampled
stormwater quality since 1990 on tributaries to the Las Vegas Wash (1997-1998 Annual Report
for Las Vegas Valley NPDES Municipal Stormwater Discharge Permit, July 1998). The data
collected demonstrate that primary stormwater quality (with minor exceptions) does not
contribute concentrations of constituents that exceed numerical water quality standards required
in the lower reaches of the Wash or Las Vegas Bay. Work by the Flood Control District and
Clark County to implement “best management practices” to reduce non-point source pollution in
stormwater is on going.

Reducing erosion in the Wash through stormwater capture has been a focus of stormwater
capture discussions and is probably the most viable reason to construct stormwater capture
facilities. Capture facilities designed to reduce erosion would have to comply with the facility
restrictions discussed above. In addition, the detention basin would have to be large enough to
detain the majority of the stormflow events and would have to tie into both existing and new
structures in the Wash, because the basin would not reduce erosion occurring from baseflows. If
these criteria can be met, the cost-benefit of capture facilities to reduce erosion will need to be
weighed against costs of other erosion-reducing facilities.

Water Rights to Stormwater Flows

To capture and use stormwater flows, a surface water right has to be granted by the State of
Nevada Division of Water Resources. Currently the Division of Water Resources has granted at
least one right to divert stormwater flows from the Wash. The right is held by Lake Las Vegas in
the amount of 2,029 afy. Additional rights to stormwater flows would be subordinate to this
existing right under Nevada State Law. Based on the average annual volume of stormflow in the
Wash, from 1980 to 1997 (3,190 afy), Lake Las Vegas has the first-priority right to
approximately 64°o of the stormwater in Las Vegas Wash.

Conclusion

Stormwater flows from 1980 to 1997 were estimated using two independent methods. Method 1
uses the estimated daily volume of precipitation that occurs in the Valley based on historical
gage records and subtracts assumed transmission losses and ground-water percolation to derive a
stormwater flow volume in the Wash. This method estimated that the 18-year average annual
stormwater runoff in the Wash was between 440 and 5,700 afy, with a most likely 18-year
average annual stormwater volume of 2,500 afy. While Method 1 uses well-studied drainage
basin characteristics, it only derives a rough estimate of stormwater flows. A more accurate
estimate of stormwater flows is made with Method 2, using actual historic surface water flows in
the Wash.

Historical surface water flows in the Wash have been measured by the USGS from 1980 to 1997
using four different gaging stations, each having a slightly different period of record. Method 2
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uses the historical daily mean flows in the Wash and subtracts the estimated baseflow of the
Wash to derive the remaining stormwater flow. Method 2 estimated that the 18-year average
annual stormwater runoff in the Wash was 3,190 afy. Frequency analysis of the stormwater
flows showed that 87°¢ of these flows were between 1 and 400 acre-feet, and 43°0 of the
stormflow days occur consecutively over two or more days.

Based on previous studies and the Flood Control District’s restriction on existing facilities,
potential capture of stormwater above the Wash would require construction of more facilities
than if capture facilities were constructed in the Wash.

When considering whether stormwater capture in the Wash is economically feasible, the
following factors, at a minimum, should be considered: 1) the volume and extreme temporal
variability of stormwater flows, 2) impacts to return flow credits and type of capture facilities 3)
reasons for capturing stormwater and the use or disposal of the stormwater, and 4) existing
surface water rights.
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Appendix I
Detailed Explanation of Method 1. —Stormflows based on historical daily precipitation

Under Buchanan’s method and in this analysis, precipitation losses are estimated in three
principal steps. The first step reduces the recorded daily precipitation based on the size of the
drainage basin, interpolated rainfall intensity, and the season (summer or winter) in which the
precipitation occurred. The second step further reduces the precipitation by estimating losses
due to soil infiltration and water capture, which are functions of soil type, vegetation cover, and
soil moisture from precipitation over the previous 5-days. The third step accounts for
transmission losses once the water begins to run off surfaces and is due to additional soil
infiltration. These three steps were applied to daily total precipitation data in this analysis using
spreadsheets.

Step 1

Precipitation over a drainage basin is not uniform. Because of this, recorded daily depths of
precipitation must be reduced in relationship to the size of the drainage basin to represent the true
depths over the entire basin. This is accomplished using depth-area reduction curves developed
by NOAA. Figure 1 is a re-production of NOAA’s HYDRO-40 depth-area reduction curves
(extended to 1,000-square miles) which Buchanan’s method utilizes, as recommend by the Flood
Control District (NOAA, 1984 and Buchanan, 1997).
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Figure 1. Modified National Oceanic and Atmospheric Administration HYDRO-40 depth-area
reduction curves.
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Daily rainfall intensities applied to the NOAA depth-area reduction curves are derived from
studies conducted by French, 1983, which analyzed a total of 855 summer and winter storms
occurring at the McCarran Airport gage over a 29-year period. Based on French’s study and
Buchanan’s method, daily precipitation data is classified into 3-hour, 6-hour, and 12-hour
intensities based on total daily precipitation (Table 1). These intensities are plotted on the depth-
area reduction curves to yield a coefficient that is used to reduce the recorded daily precipitation.

Table 1. Interpolation of storm duration from total daily precipitation and depth-area reduction
coefficient (Buchanan, 1997).

Winter Daily Summer Daily Derived Depth-Area Reduction
Precipitation (ppt) | Precipitation (ppt) S enveD . Coecfficient based on Wash’s
Range in inches Range in inches torm Duration 923-square miles drainage
0.00 <ppt<0.075 | 0.00<ppt<0.15 3 hour 0.44
0.075<ppt<0.25 |[0.15<ppt<0.42 6 hour 0.52

0.25 <ppt 0.42 <ppt 12 hour 0.66

Step 2

The second step further reduces the daily precipitation and accounts for losses due to soil
infiltration and depression storage, which are functions of soil type, vegetation cover, and
antecedent moisture conditions from the previous 5-days. The SCS Method of Abstractions
represents these losses using curve numbers (Buchanan, 1997), and the Flood Control District
recommends using this method to determine runoff in the Clark County area (WRC Engineering,
1990).

Buchanan represents the equation for direct runoff and its variables using the SCS Method of
Abstractions as follows:

(P 0.28)
Pe -
(P 0.89)
Where: Pe Direct runoff (or effective runoff)

P  Total precipitation (resulting from Step 1)
S  Potential maximum retention of water

And, P .2(S} P must be greater than .2(S) or Pe 0.0 inches
10060
R [
CN

CN = the SCS curve number
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The mathematical relationships between total precipitation (Pe), potential maximum retention of
water (8), and the SCS curve number (CN) is depicted in Figure 2.

0.18

Effective runoff (Pe), in inches
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X1
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Precipitation, in inches (after being reduce by depth-area coefficient)

Figure 2. Mathematical relationship between Pe, S, and CN.

The curve number for the drainage basin of the Wash (the area of the Las Vegas Valley
hydrographic basin below 4,500 ft) is estimated to be between 87 and 93. A single curve
number, however, may change based on antecedent moisture content of the soils when
calculating direct runoff (P). To estimate antecedent soil moisture and its affects on the curve
number, the total rainfall over the previous 5-days is totaled, and the curve number is modified
according to Table 2.

SNWA



Table 2. Modification of the inputted curve number based on antecedent soil moisture.

Total 5-day Antecedent Precipitation

Antecedent - - - Equation Used to Calculate D
Moisture Wlnife[: Da'nly Sumfn‘er l?ally at?d Wet Curve-Numbers baseily
Condition Pr ecxpl‘tat!on (ppt) Prempl‘tatpn (ppt) on Antecedent Soil Moisture

Range in inches Range in inches
4.2(CNID)
Dry (I) 0.00<ppt<0.50 |0.00<ppt<1.40 CN
10  0.058(CNID)

Normal (If) | 0.5<ppt<1.10 | 1.40 <ppt<2.10 (Inputted g:]‘;i’; Number)

23(CNII)

Wet (I | 1.10 < ppt 2.10 < ppt CN

10 + 0.13(CNII)
Step 3

The third step accounts for losses that occur once the water begins flow. These transmission
losses are the result of infiltration into the bed and banks of the channel and can be significant in
watershed runoff calculations (Buchanan, 1997). Transmission losses in Buchanan’s method are
estimated using an SCS method which generates a single coefficient that is applied to the
precipitation volume resulting from steps one and two. The method uses a calculated climatic-
index that is then used to determine the channel loss reduction coefficient based on empirically-
derived relationships between the climatic index, channel loss, and basin area (similar to the
depth-are reduction calculation).

Using the climatic index and drainage basin size, Buchanan estimated a transmission-loss
coefficient for the Red Rock drainage basin of less than 0.2. Application of this method on the
Wash drainage-area also estimated a loss coefficient of less than 0.2. This estimate, while
appropriate for the dry channels of the Red Rock drainage, over estimates transmission losses in
the Wash drainage because many of the tributaries to the Wash are concrete lined or are saturated
due to urban irrigation and/or intercepted shallow ground-water. For this reason transmission
losses in the Las Vegas Valley are estimated to range from 0.15 in the undeveloped portions of
the Valley to as high as 0.65 in the highly developed areas.
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Appendix II
Detailed Explanation of Method 2. —Stormflows based on historical daily mean flows

The example caiculations below show how stormwater flows are calculated using the Mean + 20
cfs method, Median + 20 c¢fs method, and Median 0 cfs method.

Method 2 using a threshold of the monthly mean + 20 cfs

Given daily mean flows in cfs for a single month:

1} Calculate the monthly mean flow in cfs

2) Note each daily mean flow in the month that exceeds the mean monthly flow + 20 cfs

3) Sum the daily mean flows in cfs that exceeds the mean monthly flow + 20 cfs

4) Determine the mean for the month without stormflows (stormflows are the days that
exceeded the mean monthly flow 20 cfs) as follows:

Mean monthly flow  Total monthly cfs total cfs of days exceeding mean monthly + 20 cfs
w out stormflows

# of days in month  # of days that exceeded mean monthly + 20 cfs

5) Determine the volume of flow on stormflow days that exceed the new monthly mean (i.e.,
baseflow):

(Sum of flows (in cfs) that exceeded actual monthly mean flow + 20 cfs
(# of days that exceeded monthly mean flow + 20 cfs) * (mean w/out stormflows)
Total monthly stormwater flow in cfs

6) Convert total monthly stormwater flows in cfs to acre-feet by multiplying total cfs by 1.9835.
Determine daily stormflows in acre-feet by subtracting the total cfs on the stormflow day
from the monthly mean flow without stormflows and multiply by 1.9835.

Method 2 using a threshold of the monthly median + 20 cfs

Given daily mean flows in cfs for a single month:

1) Calculate the monthly median flow in cfs

2} Note each day in the month that exceeds the monthly median + 20 cfs
3) Monthly stormwater flows then equal

Sum of daily mean flows that exceed the monthly median + 20 ¢fs
(Monthly median flow) * (# of days that exceeded monthly median + 20 cfs)
Total monthly stormwater flows in cfs

Method 2 using a threshold of the monthly median + 0 cfs

Same as Median 20 cfs method without adding 20 cfs to the monthly median flow.
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The Las Vegas region in Southern Nevada receives the majority of its water from the
Colorado River at Lake Mead. Nevada also receives what are called “return flow credits”
for the majority of the flows in the Las Vegas Wash that reach Lake Mead, thereby
increasing existing Colorado River water resources considerably.

Consumptive use return flow credit concept

The Colorado River is apportioned among the seven Colorado River basin states in
consumptive use or “net” use units. Consumptive use is defined in Colorado River law as
“diversions less return flows.”

Nevada receives 300,000 acre-feet of Colorado River consumptive use. If Nevada returns
flows back to the River that were originally Colorado River water, then Nevada receives
a credit for that volume and therefore can take or divert that much more Colorado River
water in the same year. (See Figure 1.} Parenthetically, because the Colorado River only
borders the southern part of the state, the state’s Colorado River apportionment is only
utilized by southern Nevada, primarily the Las Vegas region.

Colorado River water is southern Nevada’s primary source of water. Because the Las

Vegas Valley treats and returns the majority of its wastewater back to the River via the

Las Vegas Wash, Nevada receives credit for those return flows and southern Nevada is
able to divert more

Figure 1 than 300,000 acre-feet
RETURN FLOW in the same year. As
CREDIT 200 shown in Figure 2,
return flow credits
INDOOR allow southern Nevada
USE to divert more water

than the apportionment
and constitute about a

gg"é?_\.RADO third of the region’s
permanent resource.
DIVERSION 500 Return flow credit
OUTDOOR method
CONSUMPTIO
300

There are three sources

of water in the Wash:
Metered returns which are mostly treated wastewater flows, urban runoff and intercepted
shallow groundwater, and stormwater. By definition (diversions less return flows)
Nevada only receives credit for those return flows that are considered Colorado River,
not for groundwater nor for stormwater.

There currently is no way to actually measure how much of the flows in the Wash were
originally Colorado River diversions to the Valley. There are only meters on the
wastewater flows exiting the wastewater treatment plants, a meter on BMI’s surface
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return flows, and the Three Kids Wash and Lake Las Vegas gauges that measure total
flow in the Wash. Given only the meter and gauge measurements, in 1984 the Bureau of
Reclamation (Reclamation) and the Nevada Colorado River Commission (CRC) agreed
to a return flow credit methodology that would calculate how much of the flows in the
Wash were originally Colorado River water diversions.

To calculate the total Colorado River component in the Wash, the method calculates the
“groundwater” and Colorado River water components of metered returns and of
“accruals.”(See Figure 3.)

Accruals part of the return flow credit

Unmeasured return flows are called “accruals” in the return flow credit method;
hydrologically speaking they are urban runoff and intercepted shallow groundwater.
These flows truly are unmeasured. In the method, they are the remaining flows in the
Wash, once the measured wastewater flows and the estimated stormwater flows are
subtracted from the total gauged flows. (Note: In the method, what is called
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Figure 3
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“groundwater” is that flow in the Wash that originated from groundwater used in the
Valley and is delineated in this paper with quotes (“ ™); it is NOT used in the
hydrological sense, which would mean the intercepted shallow groundwater.)

Accruals are not an unutilized resource. This is generally not understood, because it is
always simpler to explain that return flow credits are, in concept, wastewater returns. In
reality, the method also calculates credits for the Colorado River component of the
accruals. In 1997, accruals were about 28,000 acre-feet, 89% of which Nevada received
return flow credit about 25,000 acre-feet. (See Figure 4.)

“Groundwater” returns  an unutilized resource

Nevada does not receive credit for return flows considered “groundwater.” The general
concept of the method is that the flows in the Wash (excluding stormwater flows) are in
the same proportions of Colorado River water and groundwater as those used in the
Valley (83% - 17%0 in 1997). One would then expect that Nevada would not receive
credit for about 17°0 of the flows considered “groundwater.” However, there are several
assumptions in the method agreed to by the CRC and Reclamation that reduce the
“groundwater” component, thereby minimizing the amount of lost “groundwater” returns.

Up to 9,190 acre-feet per year (AFY) of wastewater reuse is assumed to come
completely from the “groundwater” component of the wastewater, not from an mix of
Colorado River water (return flow credit) and “ground water” (no return flow credit).
This is based on Valley history whereby the maximum reuse (9,190) occurred when
only groundwater was used by customers engendering wastewater flows, prior to
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importation of Colorado River water in the Valley through the Southern Nevada
Water System.

* Water consumed by phreatophytes in the Wash is assumed to come solely from the

“groundwater” component of the wastewater flows, not from a mix of Colorado River

and “groundwater” wastewater flows. Maximum historical phreatophyte usage was
estimated at 12,000 acre-feet and was prior to the Southern Nevada Water System.

= Studies utilized by Reclamation showed that only 11°o of the “accruals” (urban runoff

and intercepted shallow groundwater) should be assumed to be “groundwater,” not
the portion of groundwater pumped in the Valley which in 1997 would have been
17%.

As a consequence of these assumptions, the “groundwater” flows lost to Lake Mead
were, for instance in 1997, 6% of the dry weather flows in the Wash or 9,000 acre-feet;
they were not 170 or 26,000 acre-feet. (See Figure 4.)

Stormwater flows in the Wash — an unutilized resource

Stormwater is currently an unutilized resource. We do not capture it and use it directly,
nor do we receive credit for it, because it does not originate from Colorado River water
used in the Valley. The stormwater volume in the Wash is estimated by the CRC, using
the daily flow measured at the Three Kids Wash gauge or, in recent years, the Lake Las

Fiaure 4
afy Wash components calculated in return flow credit method
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Vegas gauge. From 1980 1997, the average annual stormwater flows in the Wash as
estimated to be about 3,200 acre-feet. (Johnson, 1999.)

Because annual stormwater flows are estimated and not explicitly measured, then they
are subject to question. In discussions of potential stormwater capture, it is tempting to
estimate on the high side. However, if one of the intended purposes for capturing
stormwater is to increase our water resource, estimating a large volume of stormwater in
support of that purpose in reality does not make the total resource any larger. As shown
in Figure 4, in the return flow credit method, all flows in the Wash are summed to the
total gauged flows, except those flows that have been removed upstream of the gauge
(reuse and phreatophyte usage). Total gauged (measured) flow equals measured
wastewater and other metered returns plus estimated stormwater plus accruals. By simple
math, if stormwater is estimated higher, then accruals are lower, because the total flow
and wastewater flow is known through measurements and therefore fixed. If accruals are
lower, then the Colorado River component of the accruals for which we receive credit is
lower. Conversely, if the stormwater estimate is lower, then the accruals are higher and
the accrual return flow credit is higher.

More reuse does not extend our supply

SNWA purveyor member agencies reserve 21,800 AFY of the wastewater for reuse, not
sending it to the River for return flow credit. If the agencies reuse more than 21,800
AFY, it does not increase (or decrease) the total water resource. Instead, more reuse or
“reclaimed water” correspondingly decreases return flow credit, because a customer’s
water demand is switched from potable use (i.e., diversions, which equal consumptive
use plus return flows) to non-potable reuse.

To illustrate, Figures 5 and 6 show that the size of the total resource “pie” does not
change, whether more wastewater is used to meet a reuse demand or to meet a potable
demand.

Fizure 5 Figure 6
CONSUMP IVE CONSU P NV
; ATER ATER
us o) use t o)
REUSE REUSE
n table) {(non-potable)
e
Vs RETURN _~ RETURN
GREDIT FLOW
DIT
COLORADO RIVER COLORADO RIVER CRE
DIVERSIONS DIVERSIONS

(potable resource) (potable resource)
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Reclaimed water {wastewater reuse) “threshold”

The 1991 SNWA Cooperative Agreement, amended in 1994 and 1996, creates thresholds
of wastewater reuse for each purveyor, totaling 21,800 AFY, in order to ensure that most
of the wastewater is returned to the Colorado Ruver for return flow credits. The
Agreement language on this subject has been interpreted as meaning, if a purveyor reused
more than its threshold, then its potable supply would be reduced correspondingly.

However, in the actual language of the Cooperative Agreement there are a number of
caveats which mean that, even if the threshold is exceeded, a purveyor does not
necessarily have to reduce its potable supplies. If wastewater is reused in excess of the
amount specified to the purveyor in the Agreement and this causes a reduction in return
Slow credits, which in turn causes a reduction in other purveyors’ Colorado River
supplies, the excess reuse quantity is subtracted from the potable water purveyor in
whose service area the reuse provider resides.

Primarily because of increasing erosion in the Las Vegas Wash -- caused in part by
treated wastewater being returned to the River for credit -- it is now generally accepted
that reuse will increase above 21,800 AFY. However, it is not expected that this
increased reuse will affect purveyors’ abilities to meet their customer water demands,
because the increased reuse is expected to replace existing and planned potable demand
for Colorado River water.

If reuse increases above 21,800, it probably will reduce return flow credit and, hence,
Colorado River diversions available to Southern Nevada. However, the increased reuse
demand will likely replace existing or planned potable demand for Colorado River water,
a phenomenon that is already occurring. This means less Colorado River water diversions
(and return flow credits) are needed to meet potable customer demands. With
replacement occurring, one of the intents of the Cooperative Agreement is maintained,
namely, to ensure that no one purveyor’s increased reuse reduces another purveyor’s
ability to meet its customer demands.

Reporting

The CRC is responsible for calculating the official return flow credit numbers for the Las
Vegas Valley, using the method agreed upon between the CRC and Reclamation. On a
monthly basis, the CRC collects from different agencies all numbers needed for the
methodology (wastewater flows, total Wash gauge flows, etc.) and then calculates the
credit. The CRC provides the monthly return flow credit numbers to Reclamation, who
sums them in its annual “Decree Accounting” report. (Reclamation’s report is required
under the 1964 Supreme Court Decree in Arizona v. California, and shows annual and
monthly diversions, return flow credit and consumptive use for Arizona, California, and
Nevada.)

The CRC calculates return flow credits on a monthly basis, in order to know before the
end of the year how close Nevada will be to its 300,000 AFY consumptive use
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apportionment. SNWA also calculates return flow credit numbers using the official CRC-
Reclamation method, to do future water planning as described in its water budgets and
water resource plans. However, SNWA only calculates credits on an annual basis, not on
a monthly basis, because forecasting credits on a monthly basis for 30 to 50 years into the
future is pointless.

There can be a difference in historical annual return flow credit calculated by the two
agencies of a couple of thousand acre-feet, because calculating twelve monthly credits
and then adding them CRC’s method is not mathematically the same as a single
annual credit calculation SNWA’s variation of the method. However, both make sense,
given different purposes. In addition, SNWA recognizes that Reclamation’s Decree
Accounting report is required under the Supreme Court Decree and views CRC’s
calculations as the official return flow credit numbers.

Summa

The region’s wastewater is not an unutilized resource. Most of it is assumed to be
returned to the Colorado River for return flow credit and equates to about one third of our
permanent resource, as shown in SNWA’s water resource plans. 21,800 AFY of the
wastewater is reserved for reuse, rather than for return flow credit. Reuse of wastewater
beyond 21,800 does not extend our current resource. It just changes our mix of resources
from the currently estimated amount of return flow credit/diversion resource and reuse to
less return flow credit/diversion and more reuse.

For the past five years, the “groundwater” component returning to Mead via the Wash is
about 9,000 acre-feet of unutilized resource. Average annual stormwater over the last 18
years is about 3,200 acre-feet. To receive return flow credit for these two sources would
involve convincing Reclamation to do so. Receiving credit for the stormwater is highly
unlikely. Receiving credit for the groundwater might be slightly less unlikely, although it
has been attempted in previous years. SNWA intends to explore that opportunity again,
when the time is appropriate.

References:
Johnson, Jeffrey (1999). “Estimation of stormwater flows in Las Vegas Wash, Nevada

and potential stormwater capture,” September, 1999. Southern Nevada Water
Authority.
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Introduction

The Las Vegas metropolitan area has an abiding interest in the availability and quality of its water
resources. Because Las Vegas is a desert community that is now home to over one million
residents and host to over 30 million tourists each year, it can be said to have a more acute
interest in water and water quality than any other American city in the southwestern United
States.

For years, local public entities have worked to provide the area with sufficient water resources to
meet increasing demands. In response to the need for better coordination among entities, the
Southern Nevada Water Authority (SNWA) was formed in 1991. The SNWA created a new era
of cooperation and public participation in issues affecting water in Southern Nevada. By bringing
together local entities and encouraging public involvement through the use of citizen advisory
committees, SNWA has realized the goal of practical, long-term management of the area’s most
valuable resource.

However, while acquiring additional water resources is a primary goal for SNWA, an equally
important goal is to protect and preserve the water resources already available. This is the
essence of what is meant by “water quality.”

In July 1997, the SNWA Board of Directors appointed a 22-member citizens advisory committee
to review and discuss water quality issues as they related to the Las Vegas Wash, Las Vegas Bay,
and Lake Mead. The creation of the citizens committee followed the formation of the Lake Mead
Water Quality Forum in February 1997. The Forum brought together 19 local, state, and federal
entities involved in water quality issues related to the Wash, Bay, and Lake Mead. The goal of
the SNWA citizens committee was to develop water quality recommendations for submission to
the SNWA Board of Directors.

The SNWA Water Quality Citizens Advisory Committee began meeting in August 1997. Over
the next 10 months, the committee held 17 meetings, visited local water and wastewater facilities,
toured the Las Vegas Bay and Las Vegas Wash, and discussed at length issues affecting water
quality in Southern Nevada. The committee received extensive information on key water-related
issues and spent approximately four months developing recommendations in nine areas for
consideration by the SNWA Board.

This report provides the recommendations developed by the committee, along with an overview
of the meetings and tours held by the committee as it learned and discussed the issues firsthand.

WQCAC Recommendations Report -- Page v
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L Background

In the summer of 1997, the Southern Nevada Water Authority (SNWA) established a citizens
committee to obtain public input on water quality issues related to the Las Vegas Wash, Las
Vegas Bay, and Lake Mead. In the months preceding this action, important discussions on water
quality issues had begun that increasingly called for a concerted approach by state and local
entities. In February 1997, the Nevada Division of Environmental Protection (NDEP) had
established the Lake Mead Water Quality Forum to facilitate the sharing of water quality
information among government entities. The Forum brought together federal, state, and local
entities, but lacked a mechanism for encouraging significant community participation and
developing consensus from citizen stakeholders.

At approximately the same time, the SNWA and its member entities had begun considering ways
to solicit public input on various water quality issues related to the Las Vegas Wash, Bay, and
Lake Mead. This confluence of needs led SNWA to appoint a citizens advisory committee to
develop and provide input on key water quality decisions to the SNWA Board of Directors. This
input would also be forwarded to the Lake Mead Water Quality Forum for its consideration. The
Water Quality Citizens Advisory Committee (WQCAC) was first convened in August 1997. Over
the next ten months, the committee discussed such issues as:

. How to ensure compliance with future wastewater discharge regulations.

. How to address increasing volumes of treated wastewater and their impacts on the Las
Vegas Wash and Bay.

. How to address erosion and the loss of wetlands in the Las Vegas Wash from all flows,

including stormwater runoff and treated wastewater.

. How to address pollution entering the Wash from multiple sources, including groundwater
seepage, point sources, and nonpoint sources (for example, runoff).

The committee’s deliberations resulted in the nine recommendations contained in this report.
IL Structure of Advisory Committee

The members of the WQCAC were chosen to represent a broad cross-section of water quality and
demographic interests in the Southern Nevada area. The time commitment required of committee
members was considerable, so WQCAC members were chosen not only for their ability to
represent diverse stakeholder interests, but also for their willingness to participate in an intensive,
year-long series of meetings. Each of the seven members of the SNWA Board of Directors
appointed three individuals to participate, resulting in a committee of 21 citizen members. In
addition, a representative of the NDEP was included as an ad hoc member of the committee. The
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NDEP representative provided a nexus between the SNWA citizen advisory process and the Lake
Mead Water Quality Forum. To further enhance this relationship, the WQCAC also selected two
of its members to serve as liaisons to the Forum. A list of WQCAC members and their affiliations
is provided in Appendix A. A summary of the WQCAC meetings is provided in Appendix B.

III. Mission Statement and Decision-Making Process

At its first meeting, the WQCAC discussed and adopted a mission statement and set of ground
rules for conducting its meetings. The mission statement read as follows:

To learn about and discuss facts, issues, and concerns regarding water quality in the Las
Vegas Wash, Las Vegas Bay, and Lake Mead in order to make recommendation(s) to the

SNWA Board of Directors on possible plans, studies, or solutions related to water quality
needs in these areas.

In the adopted ground rules, the committee agreed to abide by the following statement in making
its decisions:

All perspectives are valued. The preferred approach to making decisions is collaborative
problem-solving leading to consensus. In cases of non-consensus, however, minority
viewpoints will be preserved.

To assist the WQCAC in consensus building, SNWA employed an independent third party to
conduct the meetings and provide neutral facilitation of discussions.

IV.  Discussion Topics

The WQCAC deliberations can be divided roughly into two phases. The first phase was
predominantly educational, consisting of an extensive presentation, review, and discussion of all
facets of water quality issues in the region. This phase also included field visits to the area’s

drinking water and wastewater treatment facilities, the Las Vegas Wash, and the Las Vegas Bay.

Many issues were discussed during this phase. The following list indicates the breadth of the
committee’s activities:

. Las Vegas Valley hydrologic cycle

. Lake Mead inflows and outflows

. Las Vegas Valley water consumption patterns

. Drinking water sources, quality, and treatment processes
. Wastewater treatment processes

Water quality standards for drinking water and treated wastewater
Contaminants present in the Wash, Bay, and Lake Mead

Status of studies being conducted and cleanup efforts regarding perchlorate
Water conservation programs

Current and planned reclaimed water projects

Stormwater runoff and nonpoint source pollution
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) Flood control and erosion

. Loss of wetlands and potential for restoration

. Endocrine disruption, fisheries, and the Wash intrusion

. Alternative discharge locations for treated wastewater

. Permitting and regulatory authorities that affect water quality in the region

. Water quality testing and monitoring

. Existing planning efforts (for example, 208 Water Quality Management Plan, Wastewater

Needs Assessment, Wetlands Park Plan)
. Designated and proposed beneficial uses for the Wash, Bay, and Lake Mead

The first phase culminated in a shared understanding of the primary water quality problems that
needed to be considered and addressed in the region, both from a technical standpoint and an

institutional one.

For the second phase of deliberations, the committee discussed and agreed to a water quality

“problem statement.” This statement took the form of a diagram that described the basic physical,
chemical, and biological cause-and-effect relationships the committee members believed should
guide their discussion and development of recommendations (see Figure 1). By systematically
considering and addressing all of the causes, the WQCAC was able to develop a comprehensive
set of recommendations to deliver to the SNWA Board of Directors.

Causes Contributors -

Figure 1. Diagram of Problem Statement
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V. Recommendations

In developing its recommendations, the WQCAC made several important decisions about the
process and form their recommendations would take. The committee members first decided they
would use the problem statement diagram to guide their discussions. They also decided to
develop their recommendations on what should be achieved regarding water quality before
addressing the question of who should be responsible. Committee members agreed it would be
difficuit to discuss institutional issues until they had the full range of potential water quality
objectives and solutions in front of them.

The members also decided it would be insufficient simply to suggest possible solutions without a
clear statement of the problems the solutions were meant to address and the objectives the
committee hoped to achieve. Accordingly, the committee agreed upon a structure for each of the
recommendations. This structure took the form of a problem statement, an objective, and
proposed solutions. These objectives form the heart of the WQCAC’s message to the SNWA and
other entities. Regardless of how any individual solution might fare in the future, it is the
objectives that reflect the committee’s fundamental goals and standards for water quality.

Before presenting the specific recommendations of the WQCAC, one other aspect of the
recommendations should be acknowledged. While the committee believes the recommendations
to be sound, the members were not able in all cases to determine the degree to which their
proposals may already be under some form of development or implementation. The committee
discussed trying to ascertain and reflect such efforts in their recommendations, but rejected the
idea as time-consuming and cumbersome. Therefore, the WQCAC wishes to make clear that
wherever any entity is already conducting activities that are consistent with the WQCAC
recommendations, the committee supports those efforts and encourages that the activities be
continued.

The committee recommendations are presented under the following titles:

Public confidence and perception of water quality.
Comprehensive management of the Las Vegas Wash.

1. Reducing wastewater flows in the Las Vegas Wash through reuse.

2. Reducing wastewater flows in the Las Vegas Wash through conservation.

3. Reducing wastewater flows in the Las Vegas Wash through alternate discharge.
4. Stormwater runoff and nonpoint sources.

5. Groundwater seepage.

6. Spills.

7. Water quality monitoring.

8.

9.

Following disposition of the enclosed recommendations by the SNWA Board of Directors, the
WQCAC will remain active, although meetings will be held much less frequently. It is expected
that the committee will be reconvened at appropriate times to receive progress reports and to
allow staff to solicit additional feedback when necessary.
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Recommendation 1:
Reducing wastewater flows in the Las Vegas Wash through reuse

P oblem. Local wastewater agencies have predicted that given historical trends in the Las Vegas
Valley, wastewater flows in the Las Vegas Wash will increase approximately 60°0 by 2027. If
projected levels of reuse are not met, the increase in flows will be even greater Left unaddressed,
these flows are expected to exacerbate erosion in the Las Vegas Wash. Erosion in the Wash
threatens water control structures, increases the amount of sediment entering Las Vegas Bay and
Lake Mead, and contributes to the loss of wetlands in and along the Wash.

Objective. The Water Quality Citizens Advisory Committee (WQCAC) believes steps must be
taken to slow the trend towards greater wastewater flows in the Wash. To do this, the WQCAC
believes the highest priorities should be to pursue more reuse of wastewater from treatment plants
than is currently planned and to reduce flows into the treatment plants by encouraging greater
on-site reuse by water users within the Valley.

Solutions. In this respect, the committee recommends:

1. Member agencies of the SNWA should continue their efforts to increase reuse in the
Valley, subject to certain conditions --

a. Agencies should consider promoting additional reuse (beyond currently planned
projects) primarily through the use of pricing mechanisms and other incentives.

b. In calculating the cost-benefit of any future reuse projects, agencies should factor
in the benefit of avoided costs, such as additional treatment, environmental
restoration, or other indirect costs, where possible.

c. Agencies should ensure that any new reuse project replaces an existing or
projected demand for potable water, rather than create an additional demand for
water. Reuse projects should be consistent with maintaining sufficient amounts of
return flow credits.

2. Member agencies of the SNWA should consider the use of reuse mandates as an
alternative means of promoting reuse.
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Recommendation 2:
Reducing wastewater flows in the Las Vegas Wash through conservation

Problem. Local wastewater agencies have predicted that given historical trends in the Las Ve
Valley, wastewater flows in the Las Vegas Wash will increase approximately 60%0 by 2027. L
unaddressed, these flows are expected to exacerbate erosion and water quality problems in the
Las Vegas Wash.

Objective. The Water Quality Citizens Advisory Committee (WQCAC) believes steps must be
taken to slow the trend towards greater wastewater flows in the Wash. Recognizing the
contribution that conservation can make to reducing flows, the WQCAC believes that efforts to
reduce the per capita consumption of water shouid continue, not just to reduce the demand for
potable water in the Valley, but also to reduce wastewater flows to treatment plants.

Solutions. Because indoor water use is the source of wastewater and various water conservation
programs are already in place, the committee recommends that member agencies of the SNWA
consider options where an opportunity still exists for reducing the amount of water used indoors.
Suggestions include retrofits for older, larger users; tying sewer rates to indoor water use;
educating users about products and practices that waste water; encouraging the sale of water
efficient products; and considering the effect of increased water rates on reducing indoor
consumption.
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Recommendation 3:

Reducing wastewater flows in the Las Vegas Wash through alternate discharge

blem. Although reuse and indoor conservation will slow the trend of increased wastewater
flows in the Las Vegas Wash, they are insufficient to stop or reverse it. In addition, increased
pollutant- and nutrient-loading in Lake Mead threatens the lake's recreational uses, impacts fish
production, contaminates lake sediments, and poses a potential contamination threat to the raw
water supply for drinking water.

Objective. Although the short-term goal is to slow the trend towards greater wastewater flows
in the Wash, the Water Quality Citizens Advisory Committee (WQCAC) believes the long-term
goal should be to reduce the flows into the Wash and Las Vegas Bay from their current levels.
By diverting flows from the Wash, the wastewater agencies could help solve water quality
problems in the Las Vegas Bay, protect drinking water supplies in the Las Vegas Valley, improve
the fishery in Lake Mead, and promote sustainable wetlands development in the Wash.

Solutions. In this respect, the committee recommends:

1. The member agencies of the SNWA should pursue feasibility studies of an alternate
discharge or diffuser pipeline. The studies should --

a.

Focus on locations in Lake Mead. This will allow the Las Vegas Valley to
continue to benefit from the existing system of return flow credits.

Take into consideration the minimum discharge to the Wash needed to maintain
wastewater flows sufficient for wetlands propagation.

Take into consideration the cost, environmental impact, and political feasibility of
specific locations. However, cost should simply be one criterion and not
necessarily the most important one.

Include a cost-benefit analysis on further treatment for reducing pollutant-loading

and consider the potential ramifications of such additional treatment on any
alternate discharge approach.
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Executive Summary

Figure ES-2
Las Vegas Valley Average Wastewater Flow and Strength Increases
(1991 -1996)
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Table ES-1
Influent Wastewater Flow Peaking Factors
Peaking Factors
Conditions CoH CLV CCsD
Average Annual 1.0 10 1.0
Peak Month
Recent 1.07 1.1 1.13
Past Studies and Reports {a) 1.16 1.15
Peak Day (a} 1.33 1.4
Peak Hour 2 1.5 1.6
{a) No data.
Table ES-2
: Las Vegas Dischargers Average Annual Flow
Existing Treatment Plant Capacities
CoH cLV CCSD Total
As designed 19.5 57 88 173.5
As designed {LV 10.0 57 88 164
Wash discharge)
As calculated {LV 9.3 49 80 138
Wash discharge)
Limiting Factor Oxidation Nitrificationy Activated
ditch facility sludge-BNR

MONTGOMERY WATSON




provide sewer service to their respective service
reas. Interlocal agreements between these agen-
ies allow for sewer service across jurisdictional
boundaries which reduces the potential for
unsewered areas, increases efficiency and mini-
mizes cost to rate payers

Figure ES-3 graphically depicts the instituttonal ar-
angements for wastewater in the Las Vegas Valley

WATER QUALITY AND REGULATIONS

The Las Vegas Wash receives drainage from a 1,600
quare mile area and discharges into the western
nd of Las Vegas Bay. The wash receives treated
ffluent flows from the Dischargers’ wastewater

treatment facilities and stormwater, nuisance wa
er, and groundwater non-point discharges from the

watershed.

Receiving Waters

In 1987 the Nevada Division of Environmental Pro-
tection (NDEP) published recommendations and

.G

Executive Summary

revisions to the standards for pH, total phospho-
rus, chlorophyll a, and un-ionized ammonia con-
centrations for the Las Vegas Wash and Lake Mead.
In 1989, the NDEP established Total Maximum
Daily Loads (TMDLs) for phosphorus (4341b day)
and ammonia (970 Ib/day). These TMDLs are di
vided into wasteload allocations (WLAs) among the
Dischargers with a portion of the phosphorus
TMDL (100 Ib/day) allocated to non-point sources.
The phosphorus TMDL is in effect from March 1*
through October 31% of each year; the ammonia
TMDL is in effect from April 1% through September
30* of each year

In accordance with their respective discharge per-
mits, the Dischargers collect and analyze samples
from Las Vegas Wash, Las Vegas Bay, and Lake

Nevada D vision
o Env'r-amental
P olection
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LASY AS VALLEY
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ARRANGEMENTS
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Figure ES-3

Las Vegas Valley Wastewater Institutional Arrangements
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Mead Actual water quality, when considering chlo-
rophyll a and un-ionized ammonia has significantly
improved for both Stations LM2 (Las Vegas Bay)
and LM3 (Lake Mead). The causative effect most
likely is the construction of new treatment facilities
at the CLV and CCSD. This data indicates a trend
towards improved water quality. Data show that
there is a considerable margin between the water
quality standard and actual water quality at both
Stations LM2 and EM3.

Water Sources

Wastewater treatment facility discharges account for
the majority of flows in Las Vegas Wash, with an
average of 125 mgd in 1996. These facilities treat
almost all residential, commercial and industrial
wastewater generated within the Las Vegas Valley
watershed. The Dischargers monitor treated efflu-
ent from the facilities in accordance with the require-
ments of the NPDES permits. In many instances,
effluent water quality far exceeds (is of significantly
better quality than) the discharge limits.

Non-point sources also contribute nutrients (phos-
phorus and nitrogen) to the Las Vegas Wash through
six major storm drainage outfalls, numerous minor
outfalls, and overland flow. Total phosphorus load-
ing from non-point sources discharged through the
storm drainage system is computed as the total of
the dry and wet weather loadings. A non-point load
estimate using stormwater NPDES 1992-1995 data
results in an estimated total phosphorus loading of
591b/day in an average year. The phosphorus load
in a particular year could range from one-half to
two to three times this amount based on actual hy-
drologic conditions affecting the wet weather con-
tribution.

Most of the non-peint phosphorus load is contrib-
uted to Las Vegas Wash during storm events. In an
average year, 12 storms produce significant runoff
in the Las Vegas Valley with about one-half of the
mean annual rainfall occuring during the March
October TMDL allocation period.

MONTGOMERY WATSON

The total phosphorus load of 100 Ib/day appears
to overestimate the actual load in dry and average
years, but is reasonable for wet years. Further study
of this issue may be warranted in order to lower
the allocated non-point source total phosphorus
load and thereby increase the total phosphorus
TMDL available to the wastewater treatment plants.

FUTURE FLOWS AND LOADINGS

Wastewater influent and reuse flows are projected
to significantly increase during the planning period.
Influent wastewater strengths are a significant pa-
rameter in the design of future treatment facilities
and have steadily increased during the last five
years.

Wastewater Influent and Reuse Fiows

Wastewater influent flows are expected to increase
from the average annual 125 mgd flow of 1996 to
282 mgd in the year 2027. Reuse demand, currently
a minor portion of total effluent flows, is also ex-
pected to increase as dedicated reclamation facili-
ties are constructed. Figure ES-4 depicts the pro-
jected reuse and wastewater flows during the plan-
ning rod

Wastewater Influent Concentrations

Wastewater concentrat ons for BOD, TSS, nitrogen,
and TDS have steadil increased over the past 5
years. The phosphoru concentrations, however,
have continued to steadily decline over the same
period. The concentrations of the various waste-
water constituents have been assumed to remain
constant over the entire planning period through
the year 2027. This assumption could have a sig-
nificant impact on the selection, sizing and overall
cost of future wastewater treatment facilities and
actual wastewater characteristics should continue
to be monitored and evaluated to ensure that the
design criteria used for new treatment facilities are
appropriate.

The year 2027 projected influent and reuse flows
and influent concentrations are presented in Table
ES-3. Peak month values are reported for influent
flows and concentrations.

FUTURE REGULATIONS

Future regulations for wastewater treatment may
include more stringent requirements for a variety
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Executive Summary

of constituents including phosphorus and bacteria.
The current issues with respect to water quality and
the location of wastewater discharge in relation to
the Southern Nevada Water Authority water intake
indicate that alternate discharge locations should
be investigated. The potential future regulations
that may result from more stringent discharge re-
quirements and alternate discharge locations result
in four distinct future scenarios summarized in
Table ES-4.

The year 2027 Las Vegas Valley projected influent
wastewater flow of 282 mgd is more than double
the current flow. The current TMDLs for phospho

rus and ammonia result in future effluent concen-
trations that are quite low and may, in the case of
ammonia, be difficult to consistently achiev e with
conventional, biological treatment proc se

TREATMENT NEEDS

The Dischargers own and operate treatment facili-
ties serving the Las Vegas Valley that have a com-
bined, as-calculated treatment capacity of 138 mgd
on an average daily flow basis. The average an-
nual wastewater flow in 1996 was 125 mgd and by
the year 2027, the total wastewater flow requiring
treatment is estimated to be 282 mgd Table ES 5

ummarizes the existing facility capacities and fu
ture capacity needs for the year 2027.

Avariety of treatment processes and configurations
can be employed to meet future requirements. The
alternative processes range from the continued ap
plication of the existing processes at each treatment
facility to more advanced systems depending on the
future scenarios as presented by Table ES-6

The types of treatment processes that could be em-
ployed at each Discharger’s facility to meet the re
quirements of these scenarios are discussed in the
paragraphs below.

City of Henderson

The projected 2027 wastewater flows for the CoH
are 40 mgd total. With an existing Las Vegas Wash
discharge capacity of 9.3 mgd, the capacity deficit
is 31 mgd.

Continued application of the existing treatment pro-
cesses of the WRF can meet the stringent potential
discharge requirements for phosphorus. The exist-
ing extended aeration process of the WREF is the
most efficient biological process for ammonia re-
duction with the potential of achieving the lowest
effluent ammonia concentrations. However, with
the current ammonia TMDL applied in the future,
the effluent ammonia concentrations that will be
required may be difficult to achieve even with the
extended aeration process

Secondary level treatment only couid be achieved
by continued application of the extended aeration
activated sludge process.

Figure ES-4
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Executive Summary

unrestricted use
levels

Table ES-4
Current and Potential Future Discharge Conditions
Current
Conditions Future Conditions
Scenario Description (at 282 mgd) {at 282 mgdz
1. Existing Current Requirements - -

Phosphorus 50 percent reduction { WLA 334 Ib/day WLA = 167 Ib/day
restriction in WLA

Coliform level Reduction to 200 mpn/100 ml Fecal | 2.2 mpn/100 mt Total

Discharge location { Eliminate/reduce Las Vegas Bay Deep water outfall
potential impact on Alternate lake surface
water supply discharge

Non-lake discharge
Table ES-5
Future Wastewater Facility Needs
Capacity Under Projected Capacity
Nominal Average| Current Conditions for| Needs in 2027 for
Annual Capacity,] Discharge to Las Discharge to Las Capacity
Discharger mgd Vegas Wash, mgd Vegas Wash, mgd | Deficit, mgd |
City of Henderson 185 9.3 40 31
City of Las Vegas 57 49 111 62
Clark County Sanitation
District : 88 80 131 51
Total 165 138 282 144
MONTGOMERY WATSON




Table ES-6

Treatment Process Alternatives

Treatment Requirement

Treatment Alternative

Scenario 1 - Current Standards.
Application of the current effluent
discharge requirements.

Scenario 2 - Future Standards.
Application of current regulations
with a 50 percent reduction in the
phosphorus waste load allocation
and a more stringent disinfection
criteria.

Scenario 3 - Tertiary Treatment
Standards. Production of a fittered
disinfected effluent following
secondary treatment, for non-bay,
surface lake discharge.

Scenario 4 - Secondary -Treatment
Standards. Treatment to secondary
level standards only for fully-diffused
lake discharge or alternate discharge
location.

Pathogen Barrier. Current discharge
standards with added requirement for
inclusion of a pathogen barrier.

Biological nitrification and chemical phosphorus precipitation

Biological nitrification and enhanced biological phosphorus
removal with chemical phosphaorus precipitation

Biological treatment for BOD removal with membrane
(reverse osmosis) processes for ammonia and phosphorus
removal

Biological nitrification and chemical phosphorus precipitaton

Biological nitrification and enhanced biolegical phosphorus
removal with chemical phosphorus precipitation

Biological treatment for BOD removal with membrane
(reverse osmasis) processes for ammonia and phosphorus
removal

Conventional activated sludge pr ess
Trickling filter process
Extended aeration activated sludge process

Any of the above secondary treatment systems followed by
filtration

Conventional activated sludge proc
Trickling filter process
Extended aeration activated sludge process

Biological and chemical treatment for ammonia and
phosphorus removal with ultrafiltration as a barrier to the
passage of microorganisms

MONTGOMERY WATSON




City of Las Vegas

The CLV’s projected average annual wastewater
flow rate is 111 mgd by the year 2027. With an ex-
isting capacity of 49 mgd, the capacity deficit is 62
mgd. To meet future capacity needs, the following
facilities will be required:

* Upgrade the existing secondary treatment
nitrification process to 57 mgd average annual
capacity.

* Construct new primary, secondary and tertiary
treatment facilities for 54 mgd of additional
average annual capacity

With the current ammonia TMDL, the future efflu-
ent ammonia concentrations that will be required
will be difficult to achieve on a reliable basis. New
facilities, and upgrades to the existing nitrification
process, will require special consideration for im-
proved performance. Alternatively, a higher degree
of ammonia removal can be achieved through the
implementation of break-point chlorination or the
addition of reverse osmosis or ion ex hange pro
cesses.

Clark County Sanitation District

The CCSD’s projected average annual wastewater
flow rate is 131 mgd by the year 2027. With an ex-
isting capacity of 80 mgd, the capacity deficit is 51
mgd. Facilities needed to satisfy this capacity defi-
cit are:

* Upgrade the existing secondary treatment
activated sludge process to 88 mgd.

* Construct new primary, secondary and tertiary
treatment facilities for 43 mgd of additional
capacity.

With the current ammonia TMDL, the future efflu

ent ammonia concentrations that will be required

will be difficult to achieve on a reliable basis. New
facilities and upgrades to the existing activated
sludge phosphotus and nitrogen removal process
will require special consideration for improved per-
formance. Alternatively, a higher degree of ammo
nia removal can be achieved through the addition
of reverse osmosis or ion exchange processes. Given
the CCSD’s plans to utilize ultraviolet disinfection,
breakpoint chlorination for the further reduction of
ammonia may not be a viable option.
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ALTERNATIVE DEVELOPMENT

Six alternatives were developed from the future
discharge scenarios discussed previously. These
alternatives are summarized in the paragraphs be-
low.

Alternative 1. Las Vegas Wash

This alternative consists of providing future treat-
ment through the continued application of treat-
ment processes currently in use by the Dischargers.

Alternative 2. Full Biological Nutrient
Removal (BNR)

Thz alternative consists of providing future treat-
ment through the implementation of biological
pho phorus removal (BPR) activated sludge pro-
cesses that optimize phosphorus removal and ni-
trification performance. Key process requirements
include anaerobic zones, anoxic zones for denitrifi-
cation, and primary sludge fermentation. Tertiary
treatment for chemical phosphorus polishing by
precipitation with filtration and disinfection are also
necessary.

Alternative 3. Tertiary Treatment with
Discharge to Virgin Basin

This alternative consists of providing future treat-
ment to meet tertiary treatment levels for an alter-
nate location for surface discharge of effluent in
Lake Mead. A non-Las Vegas Bay discharge point
would remove the effluent disposal impacts on Las
Vegas Bay and increase the separation between the
effluent discharge and the water intake for the Las
Vegas Valley. The downstream end of Lake Mead's
Virgin Basin, just upstream of the Narrows region,
was selected as the alternate surface discharge lo-
cation due to its distance from the water intake, its
proximity to a narrow and relatively active reach of
the Lake, and the availability of roadway access
along the majority of the conveyance route. A com-
mon conveyance system from the wastewater treat-
ment plants to the Virgin Basin would be sized to
pump peak month effluent flows. Figure ES-5 de-
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