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RAINWATER HARVESTING

Sustainable Drainage Management for SSCAFCA,
Sandoval County, City of Rie Rancho, Town of Bernalillo
and Village of Corrales

June, 2011
DRAFT
ABSTRACT

Depletion of the groundwater, arroyo erosion and water quality impairment of the Rio
Grande are on-going public health, safety and welfare issues in the SSCAFCA
jurisdiction. Urban and suburban development increases potable watar use as well as
both the volume of stormwater runoff and the frequency of runoff events, Allowing
increased runoff from developed properties results in increased erosion and more
pollutants conveyed to the river as well as the missed oppaortunity to use rainwater as a
renewable resource to reduce polable water use.

Rainwater harvesting addresses these
issues, Itis one component of an overall
drainage strategy to provide health, safety
and welfare, effective use of tax dollars
and quality of life. The sitrategy consists of
two complimentary philosophies:
= Recognize the value of rainwater by
using it where it falls. This is the
rainwater harvesting objective.
= Manage the runoff that does occur
with safe naturalistic features.

What is rainwater harvesting?

Rainwater harvesting is the art of
intercepting and collecting precipitation so
that it can be used to support life,

Why collect rainwater?
« Rainwater harvesting conserves water by making use of a sustainable renewable

resource. Every gallon of rainwater used for irrigation is one less gallon of municipal
or well water used.
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The Rainwaler Harvesting
Program includes of the following
elements:

L
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Pollution in the Rio Grande is reduced. Runoff transports trash, fecal matter from
animals, bacteria, nutrients, chemicals and other pollutants to the river through the
arroyo system. Rainwater harvesting reduces runoff and thus the pollution entering
the river is less.

Rainwater is free. It doesn't come with a monthly utility bill

Rainwater harvesting conserves energy. Extracting, treating and distributing
groundwater, whether for an individual well or for the municipal system, requires a
tremendous amount of energy.

Erosion is reduced. The collected rainwater doesn’t leave the site and therefore
doesn't increase erosion in the ditches along the roadways and in the arroyos,

Rainwater is naturally low in salts (sodium), so plants thrive an it,

Fublic funds are better utilized. Reduced erosion means less roadway ditch and
arrayo maintenance, allowing those funds to be directed to other public needs.

Rainwater Harvesling is straight forward and easy to implement. This program is to
collect rainwater from the roof and use it for irrigation. The elevation of the collectad
roof water, which will be 6 to 10 feet above ground, provides the opportunity to store
and use the water in numerous ways such as rain gardens, cisterns, infillration beds,
alc,

Joint implementation by
SSCAFCA, Rio Rancho,
Sandoval Co., Bemalillo and
Corrales.

Develop agency agreemenis,
policies, procedures and
educational materials.
Participation by all new single :
family residential (SFR) "‘?ii’ T
construction in previously
platted areas.

Promotle a voluntary rainwater
harvesting program for exisling development with technical assistance.
Consider a cost share or rebate component to the program.
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+ Develop a “how to” Guidance Manual with safety criteria, design standards,
guidelines, examples and references.

= Capture rainwater runoff from all new SFR roof areas

« Retain and use on-site the initial 2/3 gallon per square fool of roof area runoff
(equivalent to 1" aver the roof area).

+ Provide retention facilities with verifiable capacity such as cisterns, rain gardens with
fixed boundaries, engineered infiltration beds, el

* Flood control is not recommended since the retention facilities may not be empty to
attenuate the paak flow rate.

= Administration of the program includes:
o A Grade & Drain Plan incorporating the Rainwater Harvesting Plan.
o Engineer or Landscape Architect certification of construction conformance.
o Annual homeowner verification that rainwater harvesting facilities are still in-place

and functicnal,

o Occasional follow-up verification by a public agency.

» Future implementation would include roads and streets, planned communities and
non-residential development.

N E - .-"-I.--:-r:‘. ; . |:'-|'
Example of Above Ground
Cistern System
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A RAINWA VESTING & AR LIZATION ST GY.

SSCAFCA has developed an overall drainage strategy to provide for the public health,

safely and weifare. The goal is to recognize the value of rainfall in the high plains semi-
and SSCAFCA jurisdiction and maximize the community value of the arroyo system by
implementing two complimentary principles:

+ RAINWATER HARVESTING
- A RUNOFF REDUCTION
TECHNIQUE
Reduce runoff due to
development at the source -
Usa the rain where it falis.

Rainwater Harvesting is the

technique of reducing runoff from

development by intercepting and : g —
using the rainwater on-site. This 559 A s '*T"‘*.; b
low impact development method o EECFLGA Office Hamw&tﬁ

is to collect runoff from Harvesting, 3 5 000 Gallon Cisterns

impenvious areas such as roof ! _ ; :
tops and “micro-catchment” systems m‘lpfmnanied on an individual lot basis lnr on- 5|ta
use. Stormwater runoff volume and frequency of rain events that cause runoff from
individual properties is reduced. The SSCAFCA Rainwater Harvesting analysis
indicates that potable water use, arroyo erosion and pollutant discharges can all be
reduced by 30% to 80%.

* ARROYD UTILIZATION - NATURALISTIC ARROYDS
Provide flood and eresion control with naturalistic features and multiple-uses

Lomitas Megras east of NM
528, Naturalistic Stabilized
Arrovo w/ Trail,

When upland development occurs, both the
volume and velocity of the stormwater runoff
increases, causing armoyo damage. Rainwater
Harvesting reduces the volume of runoff, may
not reduce the velocity and thus doesn't
eliminate the nead for flood control
conveyance, The Naturalistic Arroyo concept is
to mimic natural arroyos to maintain a healthy
arroyo system using natural landforms and
materials to provide flood and erosion control,
multi-use for the public and wildlife habitat.
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Il. RAINWATE STING PRO OALS & OBJECT
RAINWATER IS A VALUABLE SUSTAINABLE RESOURCE

Rainwater Harvesting is a cormerstone of the Rainwater Harvesting & Arroye Utilization
Strategy.

A. WHAT IS RAINWATER HARVESTING?

Rainwater harvesting is the art of intercepling or diverting and collecting precipitation sa
that it can be used to support life. Rainwater harvesting is an increasingly popular
practica in arid climates, but it isn't a new idea. The native inhabitants of New Mexico
knew that water was a precious commodity in the desert, so they collected rainwater for
drinking and cooking, and they planted their crops where rainwater could be diverted.

The term rainwater harvesting as proposed for the SSCAFCA program is a landscaping
strategy designed to use naturally falling rainwater to irigate landscape. No matter what
kind of plants, rainwater harvesting can reduce the amount of supplemental irrigation
required. The SSCAFCA program is for non-potable uses only, not for drinking water.

B. WHAT ARE THE ADVANTAGES OF COLLECTING RAINWATER?

= Rainwater harvesling conserves water. Every gallon of rainwater used for irigation
reduces the amount of potable municipal or well water used thus reducing
groundwaler depletion.

= Rainwater harvesting reduces pollution in the Rio Grande. Rainwater runoff
transports trash, fecal matter from animals, bacteria, nutrients, chemicals and other
poliutants to the river through the arroyo system. Rainwater harvesting reduces this
runoff.

* Rainwaler is free. It doesn't come with a monthly utility bill,

* Rainwaler harvesting conserves energy. The energy to extract groundwater,
whether for an individual well or for the municipal system, and to treat and distribute
municipal water requires a tremendous amount of energy.

» Rainwater harvesting reduces erosion. The collected rainwater doesn't leave the site
and therefore doesn't increase erosion on the homeowner's property, in the ditches
along the roadways and in the arroyos.

= Rainwaler is naturally low in salts (sodium), so plants thrive on it.

* Public funds are better utilized. Reduced erosion means less dirt roadway, ditch and
arroyo maintenance, allowing those funds to be directed to other public needs.
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OBJECTIV ATER HARVE
= Safety. Provide public health, safety and welfare and property preservation by
reducing erosion, pollution and flooding,
« Financial Viability - Develop a system that provides long term financial stability.
» Security - Provide secure facilittes for Chigee ' by ok
public safety. o R T

» Water Congervation - Lessen City water
demand and reduce groundwater

deplation.

* Reduce Erosion Risk - Reduce risk of
erosion damage to public and private
properies.

»  Water Qualily —~ Reduce storm water
poliutants in the system and into the Rio

Grande.

* Watershed Park — Achieve community
connectivity and enhanced quality of life.

« Recognize Rainwater as a Valuable Asse
~ Develop a public appreciation of
rainwater as a valuable resource.

» Prudent Use of Public Funds ~Provide cost effective drainage solutions.

= Wildlife Habital — Provide wildlife habitat and migration corridors.

» Sustainability - Conserve water, maintain habitat and provide adequate funding,
« Sense of Community — Develop "arroyo ownership” and "doing-the-right-thing".
« Property Value — Enhance property values along arroyo corridors.

» Economic Benefit. Provide economic benefits for the homeowner and the general
public,

» Flooding. Improve safety by reducing sediment build-up leading to flocding,
= Neighbor Conflicts. Reduce conflicts from cross-lot drainage,

« Affordable. Implement a program that is affordable for the residential owner,
» Infrastructure Funds, Maximize the benefits from public funds.

= Phasing. Increase phasing opportunities of drainage infrastructure needs,

« Public Awareness. Minimize unintended consequences by maintaining dialog with
the public, encourage voluntary rainwater conservation.

SSCAFCA RAINWATER HARVESTING PROGRAM PAGE &
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. R ARVE QGRAM
THE ART OF COLLECTING AND USING RAINWATER TO SUPPORT LIFE.

The Rainwater Harvesting Program (RWH) is the result of an exhaustive investigation of
the benefits and potential issues of a RWH program for the SSCAFCA jurisdiction. This
investigation is summarized in Section IV with supporting analysis and details included
in the Appendices.

The investigation clearly demonstrates that RWH can reduce erosion, lessen pollutant
generalion, conserve water and provide other critical drainage benefits in the upland
areas of the SSCAFCA jurisdiction. Therefore, rainwater harvesting is proposed as part
of the overall drainage control strategy. Since conservation, stormwater quality and
erosion are directly influenced by the volume of rainwater runoff, the Rainwater
Harvesting Program focuses on runoff volume reduction. The collected rainwater would
be used on-site for irrigation or infiliration and does not leave the site.

The Rainwater Harvesting Program is a straight forward concept with two components:

* Intercept and collect all runoff from all roof tops on new single family residential
development,

* Retain on-site and use for irigation and/or infiltration the initial 2/3 gallon/square foot
{17) of this runcff.

Roof top collection is proposed
rather than collection of all
impervious area due to the
advantages provided by the
elevation of the collection point,
Also, the roof top collection
conforms to the State Engineer
Rainwater/Snowmelt Harvesting
Policy (NMOSE, 2005)°. Retention
of the initial 1° of runoff was
selected since increased storage
capacity provides litthe benefit bul

adds substantial cost A Simple Passive Roof Top
Collection System

“Referances are Fsted alphabetically in appendix B
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Rainwater Harvesling can be implemented using two basic concepls or techniques:

» Passive. Increase the effectiveness of rainwater when it falls using rain gardens,
swales, permeable surfaces, elc. Passive RWH does not store the rainwater far
fulure use,

» Active, Caplure and store rainwater for the future using cisterns, Active RWH
provides the opportunity for the reduction of irrigation water when rainfall is scarce

Either of these techniques, or a combination, can be used to accomplish the rainwater
harvesting program.

The LUMI, A Modern Rainwater Cislern: (source www.mataefficiant com)

| |

The rainwater harvesting collection technigue investigated in this analysis is frequently
referred to as “impenvious disconnection”. Runoff from impervious surfaces is prevented
from discharging off-site and this runoff is nat hydraulically connected to off-site
drainage facilities. This effectively “disconnecis” those impervious areas reducing runoff
volume, particularly for the smaller storms. The retained runoff is used on-site for
irrigation and other non-potable functions. In this report, rainwater harvesting and
impervious disconnection are used interchangeably.

Implementation of the rainwater harvesting program will utilize components from other

successful programs in the southwest to ensure safety, maintainability and conformance

with criteria. The program guidelines include the following elements:

« A roof drainage plan and water harvesting plan submitted and accapted in
conjunction with the grading and drainage plan.

« A maintenance plan including a cleaning schedule.

SSCAFCA RAINWATER HARVESTING PROGRAM PAGE B
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The rainwater system sized to intercept and hold on-site the initial 2/3 gallon per
square foot of roof area. This volume may include cisterns, rain gardens or a
combination of the two.

Rain gardens, if used with fixed boundaries to identify the required volume for
maintenance and verification,

Rain garden depth less than 8" for safety.

Rain gardens located a minimum of 10" from building foundations.

Cisterns have locking covers, screens andlor lids.

All spigots/outiets connected to the system marked “non-potable water”,

All piping buried a minimum of 18",

Cistern systems with a first flush diverter, screen, sediment trap and/or filter to
prevent particles entering the system,

Above ground cistems incorporating integral pigment to reduce algae growth.
All system components protected from freeze damage.

All systems include an overflow outlet or discharge point.

All systems comply with local, state and federal requirements.

(source

NN

§
§
.

All systems constructed by a licensed contractor or other qualified individual as
approved.

All systems certified by a professional engineer or landscape architect prior to
acceptance,

Annual cerification by the homeowner that the rainwater harvesting system
conforms to and is operating in accordance with the accepted plan.

SSCAFCA RAINWATER HARVESTING PROGRAM PAGE 9



WHPacific
IV. FEEASIBILITY INVESTIGATION

USING RAINWATER HARVESTING IN THE SEMI-ARID SSCAFCA AREA

An extensive technical investigation was performed to evaluate the feasibility,
advantages, disadvantages and prudence of a rainwaler harvesting program (RWH) for
the unique situation in the SSCAFCA jurisdiction. A project team guided and performed
the invesligation including representatives from SSCAFCA, City of Rio Rancho,
WHPacific, Huitt-Zollars and Bohannan-Huston with participation by the public

This investigation provides justification for and forms the basis of the proposed
SSCAFCA rainwater harvesting program. The results of this investigation are presented
in the following sections and the details are included in the Appendices. References are
listed in appendix B, "References.” Specific references for analysis details are listed in
Appendix H, H&E Analysis.

A. BACKGROUND

The SSCAFCA jurisdiction has several unique conditions as the result of topography,
s0il conditions and previous human activity including the Rio Rancho Estates platting in
the 1860s. Some of these considerations are:
. Single family residential (SFR) building
in antiquated platting areas, such as Unit 17,
cause severe erosion as highlighted by the
2008 and 2010 storms.
. Risk and property damage increase
due lo the increased erosion and subsequent
sadimentation.
. Emergency repairs and maintenance
increases, diverting funds from permanent
- . . improvements
Rainwater Fence Storage . Unique conditions including antiquated
platting, erosive soils, steep slopes and
developmant combine to exacerbate the problem.
+ One objective is to keep a naluralistic armoyo system with quality of life amenities
minimizing the use of concrete channels to solve erosion problems.
» Watershed based stormwater quality NPDES Permit requirements are anticipated in
the next permit cycle. RHW has been shown to help improve water quality on a
watershed basis and conforms o one aspect of the proposed permit conditions,

SSCAFCA RAINWATER HARVESTING PROGRAM PAGE 10
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B. OTHER AGENCY RAINWATER HARVESTING PROGRAMS REVIEW

A review of present rainwater harvesting and similar practices in other communities was
performed by Bohannan-Huston. The details are included in Appendix G, Other Agency
Program Data. Sixty four community programs were reviewed summarized as follows:

» |5 water harvesting required? 10 programs

= Required for residential? 9 programs

» Required for subdivision? 8 programs

= Required for Commercial? 14 programs

e |5 retrofit required? T programs

» |5 adepressed pond required? 30 programs {many flood control related)
« Pond capacity requiremant? 16 programs

* |mpervious disconneclion? 9 programs

* Funding sourca? 14 programs, impact fees and utility fees
« Combined system? 12 programs (combined sanitary and drainage)
= Stomwater Ltility 27 programs

= Program Stari Date First programs identified in 1992

= Enforcement? 9 programs.

= Incentives? 23 programs (utility credits most common)

Six New Mexico rainwater harvesting programs were identified:
+ Albuquerque — Water Authority rebate, voluntary with utility invoice based rebates,
initiated in 1988
Las Cruces — Pond requiremant;
Los Ranchos de Albuguerque — Pond and impervious disconnection required,
City of Santa Fe - Voluntary harvesting as conservation measure;
New Mexico Office of the State Engineer (statewide) - Violuntary rainwater
harvesting for water conservation .
= Santa Fe Counly — Rainwater harvesting required for residential and commercial,
including retrofits. The Santa Fe County requirements, from the County website, are
quated below:
“Residences 2,500 fi? of healed area or less must utilize
C A U T I 0 N rain barrels, cisterns, or other catchment basins.
Residences 2,500 ft° of heated area and greater must
NON-POTABLE| install an active rainwater catchment system comprised of
RAINWATER | cisterns
¥ DO NOT DRINK « Cisterns must be buried or partially buried,

« Cisterns must hold 1.15 gallons per ft* of
residential heated area; this figure can be adjusted based on
landscaping, but not eliminated.

« Landscaping must be watered by a pump and
drip imigation system connected to cisterns.”

SSCAFCA RAINWATER HARVESTING PROGRAM PAGE 11
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From a funding viewpoint, Texas has several tax break and rebate programs (Texas

2003) including:

» Sales tax exemption — Texas (statewide)

» Property tax exemption — Hayes Co. TX (cost of system)

+ Rebate on system cost — Austin, TX ($500), San Antonio, TX (50% of cost, limited
total amount)

Crawl space or under deck
rainwater pillow. kit (source
www. aquabarrel com)

L
Hundreds of rainwaler il I
resources are available T |
including brochures, design
data, guidance manuals,

suppliers and conlractors. For  SE B ] SHE I
example, a web search for the i — ;
| = ?-.. || N '|:||- i
- ; :
B[t — Jf’ |

specific phrase "rainwater -
harvesting in New Maxico®
provided G386 results. .

This review demaonstrates that rainwater rainwaler cistern at Columbia
harvesting has proven to be a viable method of Credit Union in Vancouver
drainage management for other agencies and {source technoccult net)
communities. The example ordinances, guidance
manuals and supplemental data gathered from
this review form the basis of the proposed SSCAFCA rainwater harvesting program.

SSCAFCA RAINWATER HARVESTING PROGRAM PAGE 12
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C. HYDROLOGY & E IGATION

Can rainwater harvesting be used to
effectively reduce runoff velume and
arroyo erosion’?

Rainwater Harvesting (RWH) is widely
recognized as a water conservation and
stormwater quality technique. For
axampie, several RWH programs in Mew
Mexico, Anzona and Texas focus on
S ot consarving potable water. The New
I UFIJ-Er Calabacillas, 1 Mexico State Engineer publication
H-il’tural-ﬁ.my'q 000 acre ﬂrgm;ga YE "ROOF RELIANT LANDSCAPING™

LT T o4 Rainmwater Harvestling with Cistern
Eyst&m's in Hm l'.n'l-amcu {NM-DEE EBI]E} i5 an excellent example of a conservation
focused program. Numerous RWH
programs where rainfall is more
frequent focus on stormwater runoff
quality. For example, the "URBAN
STORM DRAINAGE, Bast
Management Practices (UDFCD,
2010} is focused on reducing
pollutant runcff. However, erosion
control in sand bed arroyos is not a
major component of these programs.
Since erosion is a major SSCAFCA
concern, a detailed investigation was
conducted to determine the RWH
impact on erosion. The “Hydrology and
Erosion Analysis” with the analysis details is
included in Appendix H.

Existing Condition, Barranca

,“ ﬁ.rrwu
Ty

Arroyos developed from erosion long before
the influence of man. However, human
impacts accelerate the erosion and
degradation of the arroyo system. The
investigation found that more than 80% of
the total arroyo erosion from developed
property runoff is attributable to human

SSCAFCA RAINWATER HARVESTING PROGRAM PAGE 13
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influences. If this erosion can be reduced with rainwater harvesting, safety will be

improved and public costs for maintenance and emergency repairs can be better
utilized for flood control,

The erosion volume, in addition to being closely tied to rainwater runoff volume, is a
function of erosive factors such as soil type, slope, rainfall intensity, land uses, ete. This
analysis is based on typical conditions in the semi-arid upland areas of the SSCAFCA
Jurisdiction which are very erosive. The resulls of an erosion analysis in other areas
such as the valley or Albuquerque east mesa may be different.

A team consisting of representatives from SSCAFCA, Rio Rancho, WHPacific,
Bohannan-Huston and Huitt-Zollars plus citizen input investigated the feasibility and
practicality of using RWH to address
erosion and other drainage issues. The
analysis is based on typical 1/2 acre
residential lols in a hypothetical 21-
acre block with 40 lots. Hydrology,
erosion, fiood control, water
conservation and stormwater quality
impacts of RWH wera investigated.
The typical lot assumed for the
analysis consists of 3,500 squara faet
of roof area and 2,380 SF of driveway,
palio, etc. and the 15,900 SF
remainder is a combination of
landscaping and native vegetation. The
roadway is nnnsld&red to be paved with dirt bar ditches. Standard SSCAFCA analytical
procedures were ulilized. The results were compared to other studies and programs to
verify reasonableness,

(08, A0

Three development conditions without RWH were considered to establish the current

conditions without runoff source contral:

« Predevelopment — Open space rangeland prior to the platting of Rie Rancho
Estates. There is no impervious area in this model. This is the basis of comparison
for determining the impact of development and to evaluate the effectiveness of
RWH. Also, this is the condition used by the State Engineer to evaluate water rights
and by EPA to evaluate water quality improvements.

SSCAFCA RAINWATER HARVESTING PROGRAM PAGE 14
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+ Exisling - Rio Rancho Estates platted but vacant single family residential (SFR)
platting with graded roads and human impacts. This model has 5% impervious area.

» Developed — All 5FR lots are built-out. This is the “do nothing” hydrology model with
27% impenvious area.

The impact of development is significant. The preceding photographs comparing the

upper Calabacillas Arroyo with minimal human activity to the Black Amroyo with runoff

from a developed area illustrate the on-going erosion issue due to upstream

development, The investigation identified the following impacts due to SFR

development:

* The annual stormwater runcff volume is about 7 times greater than the
pradevelopment valume.

* The annual ercsion volume, the amount of soil material eroded from the roadside
ditch in an average year, is about B times greater than the predevelopment erosion,

« The frequency of runoff events increases by a factor of 10, from one every two years
to over 5 runoff events per year,

+ Peak flood control flow based on 1% probability in any given year (100-year storm)
doubles.

Example

Four Raimwater Harvesting scenarios were investigated.

« Scenario 'A'. Capture roof runoff only, retain and use on-site the initial 1° of runaff
(2/3 galfSF) (2,200 gallons for a 1/2 acre SFR lot). This is the recommended
alternate as discussed in the following.

» Scenario 'B'. Caplure roof runoff only, retain all runoff up to the 100-year event, 2 4"
of runoff (1.5 galisf, 5,200 galions for 1/2 acre SFR lot).

» Scenario ‘C’. Capture runoff from all the impervious area (roof, driveway, patio,
hardscape), retain and use on-site the initial 17 (2/3 gal/sf, 3,700 gallons for 1/2 acre
SFR lot).

SSCAFCA RAINWATER HARVESTING PROGRAM PAGE 15
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» Scepano [¥. Caplure runoff from all impervious area (roof, driveway, patio,

hardscape), retain and use on-site all runoff up to the 100-year event, 2.4” (1.5
galisf, B,B00 gallons for 1/2 acre lat),

3. Rainwater Harvesting Investigation Results.

The results of this investigation are summarized on the two graphs on the following
page and on the bar chart on Figure RWH1 at the end of the text. The general
conclusions are:

» Collecting roof top runoff and using this rainwater on-site reduces the average
annual stormwater runoff volume by about 50%.

+ Collecting roof top runoff and using this rainwater on-site reduces the average
annual erosion volumea by about 309%.

* Retaining roof runcff volume up to the 100-year event (2.47) is only 10% more
effective than retaining just the first 17 of runoff, even though the required storage
volume increases by a factor of 2.4,

= Capluring all of the impervious area is about 30% more effective than capturing the
roof runoff only,

= The average annual number of runoff events decreases from over 5 times per year
for developed "do nothing™ SFR development to about twice per year with RWH,

* Runoff volume, erosion volume and frequency of runoff events are greater than the
predevelopment and the existing volumes and rates for all RWH scenarios.

a. Erosion

As shown in the graph below and on the bar chart on Figure RWH1 at the end of
the text, the runoff from predevelopment conditions generates only about 10% as
much erosion as fully developed SFR areas. The graded roads and increased
human activity resulting from the platting of Rio Rancho Estates increases the
erosion by about 15% of the total developed erosion with the remaining 75% of
the erosion due to SFR development. The Rainwater Harvesting Program with
roof top collection can reduce the average annual erosion by approximately 30%,
but does nol totally eliminate the impacis of SFR development. One result of the
invesligation is that the erosion compulations are very sensitive to the
assumptions used with results varying between 15% to over 50%. The 30%
reduction is used as a nominal value for comparison purposes.

Details of the investigation were presented as a stand alone report included in
Appendix H, Hydrology and Erosion Analysis,
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SFR with RWH

B Conirolied with RYWH
5FR I Uncontrolied runoff
Roads, platting
Matural

SFR

Roads, plalling
Matural
Current with RWH
im rrove Erosion Fr Runaff
b. Stormwater Runoff

The stormwater runoff volume follows a pattern similar to the erosion with about
20% of the total average annual runoff atiributable 1o natural conditions and
existing roads and vacant platting. The average annual runoff volume reduction
with roof top rainwater harvesting is approximately 50% as illustrated on the
following graph.

SFR with RWH
o - Controlied with RWH
SFR B UncontroBed runoff
Roads, platting Roads, platting
Matural Matural

Current with RWH
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D. WATER CONSERVATION
1. References

Water conservation is the primary purpose of many of the rainwater harvesting

programs in the southwesl. Several good references for programs that focus on water

conservation include:

* Roof-Reliant Landscaping™, Rainwater Harvesting with Cistern Systems in New

Mexico prepared by the Office of the State Engineer (NMOSE, 2005),

Santa Fe County Water Harvesting Guidelines (Santa Fe, 2003),

The Texas Manual on Rainwater Harvesting (Texas, 2005),

Stormwater as a Resource, Santa Fe, (Morgan and Trevathan),

Sustainability Of Semi-Arid Hydrology And Riparian Habitat,

« Rainwater Harvesting, Supply from the Sky, Cily of Albuquerque (Albuquerque,
1895)

» Rainwater Harvesting: System Planning, Texas, New Mexico & Arizona (Texas
A&M, 2010).

« Harvest the Rain, How to Enrich Your Life by Seeing Every Storm as a Resource
(Downay, 2010)

These documenis, as well as many more southwest based raimwater harvesting

publications, are listed in the References Appendix in this report.

Many rainwater harvesting programs in more moderate or humid climates utilize
raimwater harvesting primarily as a stormwater quality BMP. Examples include Danver,
CO (UDFCD, 2010) and Maryland (Maryland, 2000},

2. Passive and Active Systems.

Rainwater Harvesting can put rainwater o use on-site and therefore consaerve potabla
andfor ground water in two fundamentally different ways, passive systems and active
systems. Both are embraced by the proposed rainwater harvesting program.

a. Passiy i r Ha n

Passive techniques are the use of on-site surface and shallow drainage features to
calch or slow the runoff and allow the stormwater to soak into the soil for plant use or as
infiltration. This is a commeon landscaping or permaculture technique using "micro
catchment” basins, swales, tree wells, permeable pavement, infiltration basins, bio-
retention and similar facilities (Downey, 2010). Permaculture, as defined in Wikipedia, is
sustainable land use design based on ecological and biological principles, often using
pattemns thal occur in nature lo maximise effect and minimise work, Permaculture aims
to create stable, productive systems that provide for human needs, harmoniously
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integrating the land with its inhabitants. The ecological processes of plants, animals,
their nutrient cycles, climalic factors and weather cycles are all part of the picture.
Inhabitants’ needs are provided for using proven technologies for food, energy, shelter
and infrastructure. Elements in a system are viewed in relationship to other elements,
whera the outputs of one element become the inputs of another. Within a Permaculture
syslem, work is minimised,
“wastes" bacome resources,
productivity and yields increase,
and environments are restored.
Permacullure principles can be
apphed to any environment, at any
scale from dense urban
sattlements to individual homes,
from farms to entire regions.

Collecting and storing the rainwater
in cisterns for future use is another
mathod that potentially provides a
mare effective use of the rainfall
over a longer period. This is a8 mora
structured approach and provides a
mare effective use of the rainwater
(NMOSE 2005, Texas, 2005).

™S The Rainwater Harvesting Program
- promotes the collection of the

rainwater and storing it for future
use for irrigation. Three resources based on local conditions to evaluate the
effectiveness of rainwater harvesting in reducing the use of potable water for
irigation are the City of Albuquerque Rainwater Harvesting, Supply from the Sky
(COA, 1995), Roof-Reliant Landscaping™ (NMOSE, 2005) and an online calculator
available from the Texas Agrilife Extension (Texas ASM, 2010).

3. Water Balance
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Water balance is the concept of balancing supply with demand. The amount of
rainwater available over a time period including rainfall and stored water is the supply.
The demand is the iigation required over that same period plus any leakage or losses.
The difference is the amount of potable water needed. Typically, rainwater harvesting
water balances are based on monthly averages. Also, the average rainfall amount is
skewed in the southwest due to infrequent but large storms. For example, in
Albuquerque, the average annual precipitation is about 8.6". So a single 2 storm has a
major impact on the annual rainfall available for harvesting. A "normal” rainfall depth is
used for the rainwater harvesting calculations. A depth of about 80% of the average
amount is recommanded, which for the S3CAFCA jurisdiction is assumed to be
approximately 7.8" (NMOSE, 2005).

Two different models were used to estimate the amount of water that can be conserved
using active rainwater harvesting technigues.

o Online Calculator (Texas A&M, 2010)
o Roof Reliant Landscaping (RRL) (NMOSE, 2005)

Several different examples, all based on a 1/2 acre SFR developed lot, were evaluated.
The details of this investigation are included in the Appendix C, Conservation. Tha
resulls are:

a. Online Calculator Mathodology.

Sample water balance calculations were developed using the online calculator at
hitp:/frainwatarharvesting tamu edwonlinecalculator/NM. This calculator was
developed as part of a cooperative effort with NMSU, University of Arizona,
Texas ARM and others. The following assumptions were used with the online
calculator to provide a water balance estimate:

o Rainfall for a “nomal” year of 7.8°
o lrrigation demand for two different types of plant communities;

o Low Use - Blue Grama Grass, Desert Willow (native sand-scrub mesa

habitat)

o Medum - Buffalo Grass, Bermuda Grass
Catchment runoff coefficient for roofs = 0.9 (90% of the rainfall runs off).
100% efficient irrigation system.
No additional waler allocated for first year plant establishment.
The first year and second year cumulative storage and the supplemental
water use required to balance demand are computed assuming the cistern is
empty on January 1% of the first year.

303
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The following examples demonstrate the potential water conservation value of the
Rainwater Harvesting program. The printouts from the online calculator are included
in Appendix C, Conservation. Based on the assumptions above, the following
combinations of roof area and landscape area can be maintained without
supplemental walering:
o 2,500 5F roof area, 1,700 gallon cistern
low water use plantings, landscape area = 2,300 SF
medium water use plantings, landscape area = 500 SF
o 3,500 5F roof area, 2,200 gallon cistarn (This is the baseline 1/2 acre SFR
site)
Low water use plantings, landscape area = 3,100 SF
Medium water use plantings, landscape area = 1,200 S5F
Based on these same assumptlions and using the online calculator, the
supplemental water demand for the same landscape area without R\WH is:
Low water use plantings, 4.7 gallons/SF of landscape area
(14,720 gallons for 3,100 5SF of landscape)
Medium water use plantings, 11.9 gallons/SF of landscape area
(14,280 gallons for 1,200 SF landscaping)

e Sy omcnanm

S W

Sample Site Layout with a Combination of
Cistern and Rain Garden Rainwater Harvesting
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b. Reof Reliant Landscaping ™ Methodelogy

A water balance estimate was also made using the data provided in the State
Engineer Roof Reliant Landscaping™ Manual (NMOSE, 2005), The
spreadsheets for this analysis are in Appendix C, Conservation. Using the same
assumptions listed above, the following combinations of roof area and landscape
area are estimated without supplemental watering:

o 2,500 SF roof area, 1,700 gallon cistern

low water use plantings, landscape area = 1,750 SF
medium water use plantings, landscape area = 700 SF
o 3,500 SF roof area, 2,200 gallon cistern (This is the baseline 1/2 acre SFR
site)
Low water use plantings, landscape area = 2 400 SF
Medium water use plantings, landscape area = 1,000 SF
Based on these same assumplions and using the RRL methodology, the
supplemental water demand for the same landscape area without RWH is:
Low water use plantings, 5.8 gallons/SF of landscape area
{13,920 gallons for 2,400 SF of landscapa)
Medium water use plantings, 14.38 gallons/SF of landscape area
(14,380 gallons for 1,000
SF landscaping)

I ial

Based on these estimates,
rainwater harvesting can save
approximately 14,000 gallons of
irrigation water per year for a
3,500 square foot roof area, The
Rio Rancho monthly potable
water rates for a 58" meter are
37.35 base rale plus $3.00 water
rights fee plus $3.39/1000gallon
{www.cl.rio-rancho.nm.us). This
is a polential savings to the '
homeowner of 547 per year. This is not considered adequate to pay for the
rainwater harvesting system based on water use cost only.
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d. Conservation Conclusions

The following conclusions are supported by this analysis:

o [For the baseline 1/2 acre SFR site with 3,500 square feet of roof capiure and
a 4,200 gallon cistern, approximatealy 14,000 gallon per year of polable water
can be conserved,

o Numerous combinations of calchment area, active rainwater harvesting
cistern size and reasonable landscape area result in a break even water use
without supplemental irrigation water for a typical rainfall year. Using the rule
of thumb that 1/2 of ihe waler use in suburban areas is for irrigation, rainwater
harvasting could save about half of the potable water use and associated
groundwater depletion,

o For tha baseline 1/2 acre SFR site with 3,500 square feat of roof caplure and
2,200 gallons of storage, a landscape area of about 3,000 square feet can be
maintained with a break even water balance for the typical year. This is a plot
of 40° by 70°, or a little over 1/16 acre.

o Increasing the storage volume does not significantly decrease the demand for
supplemental water for a given landscape area since the supply is fixed,

o Using medium water use plantings dramatically increases the water use,
ragardless of the storage volume.

o A break even walter balance can be achieved even with medium water use
plants by significantly reducing the landscape area.

o With a reduced impervious area representative of a smaller house, a
Le;:nnabry sized landscape area can be supported at a break even water

FHCE,

Irrigation
System

In Ground
Haln Tanks

Simple Active System
Schematic (source
properycreationsing, com)
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E. STORMWATER QUALITY

Essentially all of tha SSCAFCA jurisdiction drains to the Rie Grande and pollutants that
are picked up by stormwater runoff are discharged to the river. This area drains to the
Rio Grande reach from the Alameda Bridge to the US 550 bridge. The designated use
for this reach is Marginal Warmwater Aquatic Life and Secondary Contact. This reach
does not meet minimum water quality standards for this use (NMENY, 2010). Probabie
Causes of Impairment are listed as E. coli, Dissolved Oxygen and PCBs in Fish Tissue.
For the downstream reach from the Isleta Pueblo o the Alameda Bridge, the same
impairments are listed with water temperature as an added pollutant,

Discharge of stormwater into the Rio Grande is permitted by the EPA National Pollutant
Discharge Elimination System (NPDES) (a good source of general NPDES information
is the EPA website hitp:licfpub1.epa govinpdes). SSCAFCA currently has a NPDES
permit which is in the process of being updated (MS4, 2010). At the time of this repor, a
draft parmit is baing developed as a watershed based permit including all communities
draining to the middle Rio Grande. Since the river does not meel water quality

standards, the permit may require reduction of discharge of poliutants to the Rio Grande
below curment levels.

Feduchion of pollutants can be accomplished by controfling the source of the poliution
and by “end of pipa” or regional treatment facilities.

Due to the volume of stormwater runoff that comes all at once, the “end of pipe®
treatmant facilities are large and very expansive, although they can ba combinad with
flood control facilities in some instances. Additionally, treatment of some pollutants,
such as bacteria, are either infeasible or not prudent. Therefore, reduction of pollutants
al the source is a practical method for improving stormwater quality and may be
nacassary for adequate poliutant control.

Pollution source control
is accomplished by a
combination of
education, such as anti-
litter and pet waste
pickup programs and by
on-site pollutant runoff
reduction. The raimaater
harvesting program
retains the mitial 1"
portion of the roof runoff
and thus eliminates the
pollution from this
stormwater source.

Galvanized Steel Cistern
Located Close to Supply and
Landscape Area ; -
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However, runoff from other impervious areas such as driveways, patios, landscape

araas and roof runoff greater than 1" will continue to drain directly to downstream
conveyance and carry pollutants to the Rio Grande.

1. Stormwater Quality Treatment Metrics

Several measuras are used to design and evaluate water quality techniques.
Stormwater quality source control metrics include stormwater quality treatment volume,
the percent of rainfall treated, the percent of runoff events treated, etc. The criteria for
water quality source control varies by communily and by location. Comparison of the
rainwater harvesting program with some of these criteria follows.

The SSCAFCA DPM recommends that all development address stormwalar quality,
although single family residential (3FR) development is not required to include
stormwater quality controls, The DPM defines the “stormwater quality storm event” as
0.6" of precipitation within a 6-hour period. The “stormwater quality treatment volume™
for developments smaller than 40 acres is tabulated in the DPM as a percent of
imparvious area.

For a developed 1/2 acre SFR site, the DPM defines the impervious area as 27% and
the resultant SWQV is 0.12°, This equates lo 218 cubic feet or 1631 gallons for a 1/2
acre SFR site, For the 172 acre example, the 27% impervious area is 5,880 SF and the
roof area is assumed to be 3,500 SF. Rainwater harvesting captures all roof runoff up to
1%, thus all of the roof runoff from the stormwater quality storm event of 0.6" will be
captured and retained on-site. This is equivalent to 175 cubic feet. Thus capturing the
roof runoff treats approximately 80% (175/218) of the SWQV as defined in the DFM.
Capture of additional area would be required to meet the SWQV.

b. Average Annual Treatment Volume

Treatment of 805 of the runoff volume is a common stormwalter qualty treatmeant
criteria (Maryland, 2000),

The Hydrology and Erosion Analysis (H&E Analysis, included in this report as Appendix
H) identified that the rainwater harvesting program reduces the average annual runoff
volume from 1.14" to 0.52" for the example 1/2 acre site. This reduction equates to a
45% stormwaler quality treatment volume on an annual basis. Additional treatment,
aither on-site or in regional facilities would be required to meat the 80% requirement.

¢. Draft Albuguerque M54 NPDES Permit

The draft renewal permit for the Albuquerque MS4 Permit (MS4, 2010} includes
requirements that may be similar to those incorporated into future SSCAFCA parmits.
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One requirement is for post-construction stormwater management to conform to the
following criteria:
“The program shall address post-construction stormwater management and include
ihe following elements in the Storm Water Management Plan and comply with the
schedules contained in Table |.B:
iv. Implemantation and enforcement, via ordinance andior other enforceabla
mechanism(s), of site design standards that prevent an increase in the one-
hundred-year (100-yr), two-hour (2-hr) peak runoff, a change in the time of the
peak, or an increase in the total runoff from its pre-development values to ensure
the hydrology associated with new development and redevelopment sites mimic
the pre-development hydrology of the previously undeveloped site. Management of
runoff volume may be achieved by canopy interceplion, soil amendments, rainfall
harvesting, engineered infiltration, extended filtration, other appropriate techniques,
and any combination of these practices. Pre-development runoff values may be
achieved through on-site utilization of practices including dry swalas, bioretention
rain tanks and cisterns, soil amendments, roof top disconnections, permeable
pavement, porous concrate, permeable pavers, reforestation, grass channels,
green roofs or other green infrastructure practices as appropriate.”

The H&E Analysis used the B-hour storm duration and the AHYMO program for the
hydrolegy analysis. The 100-yr rainfall depth is 2.37" with approximately 80% of the
rainfall oecurring during the peak hour. The H&E analysis identified the following

predevelopment and post-development rates and volumes for the 100-year, 5-hour

storm event.
Peak Runoff Rate Runoff Volume
Condition (cfalac) (inches)
Predevelopment 1.31 cfsfac 0.66"
Developed 2.50 cfsfac 1.23"
Rainwater Harvesling 2.27 cfslac 1.08"

With rainwater harvesting, the peak 100-year discharge rate and runaff volume are
approximately 1.7 times the predevelopment rate and volume. The 100-year discharge
rate and volume with rainwater harvesting are approximately 10% less than developed
conditions without runoff control. Since the rainwater harvesting program focuses on
reducing the annual volume rather than the runoff from infrequent large events, itis
expectad thal the 100-year event with rainwater harvesting will not mimic
predevelopment conditions. This is consistent with the condition that the rainwater
harvesting program does not provide flood control,

Also, this paints out thal mimicking the single 100-year event could result in a program

or system that would control the annual average runoff to less than the predevelopment
condition,
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d. Mimi lopme ndi

Another measura of stormwater quality treatment i I8 o mnfmm o ona nl l:rle L-uw Impact
Development (LID) goals of 5

mimicking predevelopment
conditions (Guo, et al, 2010).

For the 1/2 acre SFR axampla,
the average annual runoff volume
increases from 0.15" for
predevelopment conditions to
1.15" for uncontrolled SFR runoff
which is reduced to 0.52" with
rainwater harvesting. Thus on an
annual basis, the runoff volume - i
with rainwater harvesting is

approximately 3.5 times the : E&hll:t: F'ﬂl”fl.lt-El:l' Collection,
predevelopment volurme, although e VT

the runoff is reduced to about half of the duv&l-np-ed “do-nothing” volume.

e. Number of Runoff Events

Small frequent runcff events can contribute dispropertionally to the total annual pollutant
loading, One criteria using frequency as a measure is lo treat 80% of the runoff events
as defined in the “Effectiveness of Urban Stormwater BMPs in Semi-Arid Chimates”
(Urbonas, 2003).
“Watershed-wide use of BMPs that significantly reduce runcff rates and control
runoff volumes from the majority of most frequently occurring smaller storms (i.e.,
80% of runoff events) can reduce the impact on receiving waters and their biota.
Effactive BMPs, in addition to controlling runoff velumes and rates of runoff. nead to
remove T35 particles less than 60 pm in size from stormwater runoff o the
maximum extent practicable, should be integrated into the urban landscape to the
maximum extent possible and be readily accessible and visible for maintenance "

For the average rainfall year, there are approximately 39 storms with rainfall greater
than 0.05". The Hydrology and Erosion Analysis (Appendix H) identified that a
developed 1/2 acre SFR site produces about 5 stormalyear with runoff greater than
0.05°, With rainwater harvesting, the storms with greater than 0.05" runoff are reduced
o approximately 2 stormsfyear, or a treatment of 80% of the runoff events. Thus
rainwater harvesting with rooftop collection provides significant reduction in the number
of runoff events but does not satisfy the recommended 80% criteria.
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Above Ground Cistern with

FPump (source
watertankspumpsandirigation.com)

2. Sloi I nclusions

In conclusion, rainwater harvesting provides treatment of 50% to 80% of the stormwater
velume and frequency and is a significant improvement over developed runoff without
controls. However, rainwater harvesting with roof only collection does not meat
generally accepted stormwater quality treatment goals. Increased impervious area
collection, secondary landscape retention or infiltration, end-of-pipe facilities and
regional stormwater flood control detenticn facilities all could provide additional
stormwater quality treatment as elements of an integrated stormwater management

program.
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F. WATER RIGHTS

The use of rainwater and the possible impairment of the water rights of downstream
users are of particular concemn in the semi-arid southwest. The New Maxico Office of
the State Engineer (NMOSE) has addressed the issues of water conservation and
rainwater harvesting in the following policies.

The NMOSE official policy on rainwater harvesting is )
published in a NMOSE document titled “Water Roof-Reliant Landscaping

B 17 T lwrsesy) mdhi 4 i n bl o Beyy Bl

Conservation — Policy Development” and in the
"Roof-Reliant Landscaping™" manual. These
policies are reproduced below and are available from
the NMOSE web site, www.0se state.nm.us.

“NEW MEXICO OFFICE OF THE STATE
ENGINEER

WATER USE AND COONSERVATION

Water Consarvation - Policy Developmant

The New Mexico Office of the Stale Engineer
encourages water consenvation in all water usea
sectors through the educational efforts of its Water
Conservation Program. Tha agency is alzo
aslablishing water conservation policy guidefines
for water rights applicants.

MNew Mexico law stales that the siate enginesr must consider water conservation when
reviewing an application for water rights. Water right permits that are issued include a
waler conservation condition stating that the permittee “shall utilize the highest and bast
technology avadable to ensure conservation of water to the maximum extent practical
OSE policy on specific water conservation requiremants for water right applicants is still
evolving. However, there are several sources of OSE assistance to help water right
applicants, and others as well, in preparing water conservation plans and programs,

A water conservation guide for industrial, commercial and institutional water users and a
guide for municipal water suppliers prepared by OSE are available frea of charge. Also
available are draft guidelines on how to prepare a waler conservation plan prepared
specifically for municipal and industrial water right applicants.

To request these and other assistance documents, call 1-800-WATERNM or e-mail
waternm@ose state.nm.us. °

"NEW MEXICO OFFICE OF THE STATE ENGINEER

RAINWATER/SNOWMELT HARVESTING POLICY

The New Mexico Office of the Stale Engineer supports the wise and efficient use of the
stale’s waler resources; and, therefore, encourages the harvesling, collection and use of
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rainwater from residential and commercial roof surfaces for on-site landscape irigation
and other on-site domestic uses.

The collection of water harvested in this manner should not reduce the amount of runoff
thatl would have occurred from the site in its nalural, pre-development state. Harvested

rasnwater may not be appropriated for any other uses.
11724104, Source: www.ose. state. nm.usiwucp_policy hml™

The Rainwater Harvesting Program retains the initial 1" of the runoff volume from roof
lop areas on new SFR developments. The average annual predevelopment stormwater
runoff is approcamately 0.15°. Stormwater runoff from a developed SFR site without
control is approximately 1.14°. With roof top harvesting, the average annual runoff is
about 0.52° or approximately 3.5 times the runoff volume from predevelopment
conditions. Thus, the Rainwater Harvesting Program with reof top capture and 1°
retention satisfies the NMOSE Rainwater/Snowmelt Harvesting Palicy.
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Some programs allow or promote the treatment and use of collected rainwater for
drinking and other potable water uses. Thesa typically are areas without a ready source
of water, such as island areas (Hawaii, 2010), or arid climates (Texas, 2005).

The collected rainwater for the SSCAFCA Rainwater Program is intended for non-
drinking water uses only. Labeling of all spigots and other access locations to the
collected rainwater would be required to be labeled appropriately. The use of the
rainwater for irrigation and/or infiltration does not require treatment to drinking water

standards.

eyt (% born ess
Fi ~ 3

Lirect connection potable water supply
systems to irngation systems is common
practice with backflow prevention devices
required. Such connections may also be an
integral component of some RWH systems,
such as buried tanks and/or systems with
pumps. Connaclions to the irrigation system
from potable water supplies when the cistern is
emply will require a means to pravent
contamination of the drinking water supply,
such as backflow preventers.
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H. COST CONSIDERATIONS

1. Cost Data from Other Sources

Limited published data regarding system costs were found during the literature
survey. The data thal was recovered varies significantly based on type, size and
complexity of the system. The data from these documents and the source of the
data is included in Appendix E, Cost Data. In general, the result of reviewing the cost
data sources are:

« Cistern tank costs range from $0.15/gal to over $2/gal. (Texas, 2005:
rainwatertechnology.org; Hawaii, 2010; rainharvest.com).

o Concrete and ferrocement tanks are the least expensive at $0.15/gal to
$1.25/gal, may be constructed on site but are heavy to transport and place if
pracast.

o Polyethylene and polypropylene tanks range from $0.35/gallon to
$1.20/gallon, are very popular and are easy 1o transport and place. .

o Galvanized steel tanks range from $0.50/gal to $1.61/gal and are frequently
used for the larger sizes.

o Wooden tanks are the most costly but may be incorporated into the site
aesthetics easier than other tanks,

o Above ground swimming pools are the least costly at approximately
$0.20/gallon but are basically temporary storage and are not recommended.

o Fiberglass tanks cost between $0.45/gal. to $2.00/gal. Minimal use is
reported in the literature.

+ Rain Garden costs, constructed as bioretention cells, range between $0.25/gal to
over $1.00/gal (Maryland, 2000, Prince George's, 2007; UCR, 2008).

« Supplier data for package above ground cistemn systems with pump and
appurtenances range from $1.28/gal. to $1.7 1/gal. with an underground system
cost of $2.10/gal. (Rainmaster 1700 IG, 2011; RMS, 2011)

« Minimal maintenance cost data was found in the literature. An annualized median
maintenance cost of $8.00Mousehold was estimated for “Water Sensitive Urban
Design” in an Australian subdivision (WUSD, 2003).

2. Cost Estimalas

Example site Grading and Drainage Plans and Rainwater Harvesting Plans were
developed by Huitt-Zollars for a typical SFR lot in Rio Rancho conforming to current
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criteria for Grade and Drain Plans and the proposed rool-top rainwater harvesting
plan. The examples included detailed site grading for several conditions to evaluate
the impact of site constraints. These examples were for a typical 80' by 274" 1/2 acre
lot. Note that these examples were developed to evaluate the feasibilty of placing
the rainwater harvesting facilities on the lot and may not safisfy future design
standards to be defined in the Guidance Manual. Cost estimates were developed for
each of these examples based on typical contractor prices. These examples are
included in Appendix F, Grade and Drain Examples and are summarized below:

Example 1 - Site below roadway elevation with off-site flow through the
back of the lot. Sterm drain piping of reof runcff to a below ground 2,850
gallon cerrugated metal cistern,

Estimated cost - $16 460 = §5.78/gallon = $3 87/5F roof area
Example 2 — Site below roadway elevation with no off-site discharge onto
the site. Surface drainage with stabilized swales of roof runoff to an above
ground rain garden with 2,850 gallon capacity at the back of the lot.

Estimated cost - $4,216 = $1 48/gallon = $.995F roof area
Example 3 - Site above roadway elevation with no off-site discharge onto
the site. Surface drainage with stabilized swalas of roof runoff to a below
ground 2,850 gallon comugated metal cistern.

Estimated cost - $6,690 = $2.37/gallon=- $1.57/5F roof area
Example 4 — Site below roadway elevation with off-site discharge through
the back of the site. Storm drain piping of roof runcff to a below ground
3,370 gallon precast concrete cistern (seplic tank),

Estimated cost - $16,600 = $4.93/gallon = $3.30/SF roof area
Example 5 — Site below roadway elevation with no off-site discharge onto
the site. Surface drainage with stabilized swales of roof runoff to an above
ground rain garden with 3,370 gallon capacity at the back of the lot.

Estimated cost - $5,020 = $1.48/gallon = $1.00/SF roof area
Example 6 — Site above roadway elevation with no off-site discharge onto
the site. Roof runoff drains directly to 5 above ground precast concrete
cisterns with tolal capacity of 3,370 gallons, one at each downspout
location.

Estimated cost - 56,420 = §1.91/gallon = $1.28/5F Roof Area

b. Generic System Cost Examples

Above ground cistern - Above ground cistern with gravity or low head
irrigation system,

A simple above ground cistern storage with gravity irmigation following the
guidelines in the Santa Fe Counly requirements (Santa Fe, 2003) and
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NMOSE Roof-Reliant Landscaping™ (NMOSE, 2005) guidelines is
estimated to cost approximately $2,200 ($0.92/gallon or $0.62/SF roof
area) for a 3,5005F roof area. This system includes:

o twa 1,200 gallon polyethylene or polypropylene ground mounted
tanks with UV inhibitor to reduce algae growth and deterioration
{($0.67/gal. median tank estimate = $1,600)

o two downspoul first flush diverters and connections to reduce roof
contaminants from entaring the cistern ($400) and

o gravel mounting pads ($200).

o Ifa pump is added to boost the pressure for irigation, an additional
cost of $500 1o $1,000 is estimated.

. Package systems - Supplier quotes were obtained for two package
systems.

o 1,100 gallon cistern with garden hose pump for residential use,
$1.411 + shipping @ $300 = $1,711 or $1.55/gallon or $1.04/SF.

o 2,500 gallon cistern with suction pump for residential or commercial
uses, $4,287 + shipping @ $500 = $4 787 or $1.92/gallon or
$1.28/SF.

Watarwall Fatboy™ 650 gal. Tank
v, walanwalitanks.com,

Low Cost, Developing Country
Basic System
(www.rainwalertechnotogy.ong)

#Hm.luumintml-:.mﬁ
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iii.  Simple Rain Garden(s)
Roof discharge to a rain garden
comprised of typical vegetable
andfor flower bed(s) can be
connected to roof runoff by direct
downspout discharge, by piping
andior by surface swales. A
hardenad boundary is proposed as a
required compenent of rain gardens
to define the retention volume area
for maintenance and cerification,
The added cost above crdinary
landscape cost is just the curb
boundary and possibly an extension
of the gutter downspoul. :
Underdrains and other typical bioretention cell components are not
expected to be needed for this semi-arid climate for at-grade gardens. A
concrete cutoff curb for two 1,100 gallon 10' x 30" x 8° gardens = 160" @
$20/ft = $3,200 = $1.45/gal = $0.98/SF of roof area ($3,430 for 3.500 SF
roof). A maximum depth of 8" is proposed for the design criteria for safety
and to allow infiltration/drainage before mosquitoes can breed,

A do-it-yourself system with cheaper edge material, such as railroad ties,
could be much less expensive, depending on the price of materials,

w.  Underground Cistern with Pump Irrigation System
These systems consist of an underground cistern and associated pumping
system for irrigation use. The advantages over an above ground system
include the ability to use the surface for other uses, lack of UV
deterioration considerations, lack of freeze/thaw issues and aesthetics.
The primary disadvantage is cost. A package system including a 1,700
gallon cistern, pump, fittings, ele. is listed at $3.600. Installation would
include shipping ($300), excavation and backfill ($400) and electrical and
miscellaneous($500) for a total cost of about $4,800 or $2.82/gallon. This
equates to 51.90/SF or $6.650 for the example 3,500 SF roof area.
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v. Underground Modular . -
Storage
Mumerous manufacturers
make plastic modular units for
underground installation with
high void ratios which stack to
provide structural support.
These can be designed to
provide different loadings, up
to highway truck loads and
can be used under driveways
and other surfaca uses.
Impermeable plastic
membranes are used to hold
rainwater for pumping to an | go 000 gallon madular underground cistern
irrigation system. In lisu of w! roaf runoff collection for iraation use.
using the rainwater for
irigation, a system using a permeable fabric can be designed to allow the
collected waler to infiltrate. A typical system includes excavation,
membrane fabric, the modules, pumps, controls, backfill and surfacing, A
typical cost for an installed system is in the range of $2.50/gallon
($1.68/5F) based on supplier estimated cost.

vi. Swimming Pool Cisterns
Rainwater harvesting cisterns using above ground plastic swimming pools
have been used because of low costs. These are "backyard pools”
available at discount stores and are about half as expensive as
polyethylene or metal tanks, although they don't last nearly as long
{Hawaii, 2010). When used for drinking water storage, they are covered to
prevent mosquito problems and to avoid contamination. As long term
storage for irrigation use, they would not require covering, but mosquito
control as well as algae and other maintenance issues would need fo be
addressed. Due to these factors, use of above ground swimming pool
cisterns is not recommended.

3. Maintenance Considerations

The rainwater harvesting system is comprised of three primary components that require
maintenance:
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a. Collection - This consists of the roof area, gutters, downspouts, and canales,
Maintenance of these components is considered to be a routine homeowner
maintanance activity and is not included as an additional cost for the rainwater
harvesting program.

b, Landscape - These componenis are considered to be routine homeowner
activities and are not included as an addition cost in the maintenance effort
related to rainwater harvesting,

c. Rainwater harvesting elements - Components such as cisterns, piping,
distribution swales, etc. will require on-going maintenance, depending on the
complexity of the system.

Also, the proposed pregram requires submittal and acceptance of a rainwater

harvesting maintenance schedule and/or plan as parn of the Rainwater

Harvesting Plan.

Some potential activities include:

o Passive systems using rain gardens with foxes borders will require essentially
no additional maintenance.

o Active systems with above ground tanks, first flush diverters, leaf guards,
vermin screens, etc. will require periodic cleaning and operational verification.
Sediment may build up over time in cisterns and need to be removed,
perhaps annually (e.g. similar to rain barrels). If this effort is assumed o
require 6 hours per year, this is $3000yr at $50/Mour.

o For systems with pumps, with or without controls, the maintenance effort and
cost will be greater than systems without pumps. If this effort is assumed to
be 1 hours per month at $50/hr with a $200/yr sinking fund for equipment
replacement based on a $1000 pump system with a 5 year life, this is
approximately $800/year.

4, Cost Summary

Based on the data investigated, rainwater harvesting system costs are projected to vary
from less than $1,000/SFR to about $7,000/SFR cost could be in excess of
$10,000/SFR for extensive or complex systems. Maintenance varies from essentially no
additional cost to over $800/year, again depending on the complexity of the system,

To abtain the most waler conservation, an active system with a cistern is needed. Costs
for cistern systems are in the range of $0.60/5F to $2/SF. Thus for a 2,000 sguare foot
roof area, the cost could be $1,200 to $4,000. For the 3,5005F roof area example, the
cost range would be $2,100 to $7,000.
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V. BENEFITS AND ISSUES
RAINWATER HARVESTING ADDS COMMUNITY VALUE

Patential banefits and issues of implamenting the recommeanded roof top rainwater
harvesting program are summarized below:

+ Water Conservation:
Benefits. Up to 50% potable water savings potential. Sustainability is improved.
For example, about 3,000 square feel of xeric waterwisa landscaping can be
imigated with an active rainwater harvesting system in a normal 7.8" rainfall year
with 3,500 squara fool roof top collection and a 2,200 gallon cistern. By
conserving water, it is anticipated that there will be less cost for public waler
nghts.
Issues. An active RWH system with cistern storage is required to maximize
conservation, The potential reduction in the City water bill probably will not cover
the cost of the syslem.

= Stormwater Quality:
Benelits. There is limited runoff for rain events with less than 0.77, approximately
745% of all rainfall. This volume does not transport pollutants to the Rio Grande
and partially satisfies one major NPDES Stormwater Discharge Permit
component. Since very axpensive “end-of-pipe” treatment facilities are reduced,
this is a major long term cost savings.
Issues, The runoff that does occur will still pick up pollutants and ultimately some
treatment may be required, although at a reduced scale.

+ Erosion:
Benefits. RWH reduces erosion from developed properties by about 30%.
Issues, This is the long term average annual erosion, not erosion from one large
infrequent event.

« Slormwater Runoff Volume:
Benefits, Runoff volume is reduced by about 30%. While downstream
conveyance arroyos and channels are designed to convey the peak flow rata,
dams and detention ponds are sensitive
to the volume passing through the facility.
Decreased volume may decrease the
size of detention facilities in some
siluations.
Issues. None identified.

+ Flood Control.
Benefits. The 1% probability storm peak
runoff rate (Q100) is reduced by about
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10%, if the retention facility is empty at
the start of the storm.
Issues. Use of RVWH for flood contral is
dependent on available retention volume
at the time of the large event. Given that
the intent is to use the rainwater for later
use and the minimal impact,
dependence on rainwater harvesting for
flocd control is not recommended.
= \Water REQME
Benefits, The State Engineer rainwater
and snowmalt harvesting policy
encourages the harvesting and collection :
and use of rainwater from residential and 500 Gallon Gravity Cistern
commercial roof surfaces for on-site
landscape irrigation and other on-site domestic uses (Roof Reliant
Landscaping™, www.ose.state.nm.us). The proposed program conforms to this
pelicy. The average annual stormwater runoff with rainwater harvesting is
approximatealy 3.5 times the pradevelopment volume,
The NMOSE Rainwater/Snowmelt Harvesting Policy is quoted below:
"STATE ENGINEER RAINWA LT HARVESTING P
The Mew Mexico Office of the Stale Engineer supporis the wise and efficlent use
of the stale’s waler resources and, therefore, encourages the harvesting,
collection and use of rainwater from residential and commescial roof surfaces for
on-gite landscape irrigation and other on-site domestic uses.
The collection of water harvested in this manner should net reduce the amount of
runaff that would have occurred from the site in its natural, pre-development
stale,
Harvested rainwater may not be appropriated for any other uses.
www.ose giate nm, ys
Issues. None identified.
« Cosis:
Benefits. Significant public funds are expended for emergency actionsirepairs
and maintenance due to erosion. RWH will reduce the need for these on-going
expenses allowing better use of public funds for flood control and other drainage
improvements.
lssues. The estimated cost of a typical SFR rainwater harvesting system ranges
from less than $1,000 to over $5,000. Typical costs for 3,500 5F roof area for the
different types of systems are:
Raingardens - $1,000
Above ground cislerns — $3,500
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Buried cisterns w/ pumps - $8 650

Investigation of a rebate program, perhaps based on reduction of the drainage
impact fee, is recommended. Rebates are included in many other rainwater
harvesting programs for conservation and for stormwater quality.

* Risk and Safety:
Benefits, Public health, safety and welfare will be improved due to less frequent
runoff events, less erosion and less pollution in the stormwater. Also,
sustainability is improved reducing the long term impacts on water supplies.
Issues. Major events with large flows will still present risk. Implementation of
RWH methods will utilize standards developed in other programs in the
southwest to ensure safety such as locking covers on cisterns, shallow rain
gardens, mosquito control, ete.

« Quality of Life:
Benefits, Less erosion = more habitat, more mulliuse and improved sustainability.
Everyone participales, fostering a sense of community and of being part of the
solution by “doing the right thing”.
Issues, RWH will require on-site maintenance by the homeowner. Some may
consider this to be a burden.

* [Future Aclions:
Althaugh the proposed RWH program reduces erosion, provides significant
stormwater quality benefit and the opporiunity for water conservation; erosion will
continue to be an issue and further water quality and conservation improvements
may be neaded. ldeally, the developed runoff would mimic the predevelopment
runcff in volume, frequency and rate. The RWH program does not meet this goal,
even if expanded from roof anly to all impervious area collection. A combination
of implementation techniques will be required to mimic predevelopment
hydrolagy.
Future actions may include addressing roadways and streets, existing
development, non-residential properties, platted but vacant SFR areas, etc.
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VI. RECOMMENDED RAINWATER HARVESTING PROGRAM

The recommended rainwater harvesting program consists of the following:

Joint Implementation of the roof-top rainwater harvesting plan by SSCAFCA, City
of Rio Rancho, Sandoval Co,, Town of Bemalillo and Village of Corrales.

Develop agency agreements, policies, ordinances, procedures and

administrative processes,

Develop a "how 10" Guidance Manual with safety criteria, design standards,
guidelines, examples and references.

Require all new single family residential (SFR) construction in previously platted
areas in the SSCAFCA jurisdiction to incorporate the rainwater harvesting
program. SFR is the primary source of uncontrolled increased stormwater runoff
valume and erosion. To meat
consemnvalion, erosion and
stormwater quality objectives,
the program would be
mandatory for all new SFR.
Develop a voluntary program for
existing developmenl. Promote
voluntear raimaater harveslting
on existing SFR by providing
technical assistance, pilot Ay
projects, examples, standards, Wooden Cisterns offer
education, elc. aesthetic opportunities
Investigate a cost share or
rebate program. Costs . ;
estimates range from less than $1,000 to over $5,000 for a typical 3,500 SF roof
area SFR site. Consider a rebate program, maybe in conjunction with drainage
impact fees.

Capture rainwater runoff from all roof areas. Capluring the roof area conforms to
the Stale Engineer rainwaler harvesting policy, is easy to do and maintain, is cost
effective and has an immediate impact.

Retain and use on-site the initial 2/3 gallon per square foot (equivalent to 1° of
runoff) of roof area runoff. Increasing the storage volume to include all runoff,
regardless of the size of the storm, requires a 240% cistern increase, but is only
20% more effective in reducing the average annual runoff,
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* Provide retention facilities with verifiable capacity such as cisterns, rain gardens
with fixed boundaries, engineered infiltration beds, etc.

» Flood control is nol recommended. If the cistern is emply, the peak flow rate is
reduced by about 10%. Cisterns, infiltration facilities, rain gardens, etc. cannot be
assured of being empty at the time of the severe storm avent. In fact, if
conservation is to be attained some stormwater in storage is likely. For example,
for the baseline model for a normal rainfall year (7.87), the cistern would be about
20% full in July & August. In wet years, probably more.

» Administration of the program includes:

o A Grade & Drain Plan incorporating the Rainwater Harvesting Plan and a
maintenance schedule for all new SFR.

o Engineer or landscape architect certification that construction conforms to the
Rainwater Harvesting Plan,

o To maintain the effectiveness of the RWH program, an annual mail-out for
homeowner cerification that the rainwater harvesting system has been
inspected and maintained and is operating as originally designed.

o Occasional verification inspections accomplished by the appropriate agency
(i.e. SSCAFCA, City, etc.).

Future implementation would consider roads and sireets, planned communities and
non-residential development
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RAINWATER HARVESTING

Strstainable Drainage Management for SSCAFCA,
sandoval County. City of Rie Rancho, Town of Bernalillo
and Yillage of Corrales

GLOS3ARY

HOTE. The fallowing definlons have been developed spechcally for use with this
repaont and are nat ntended to be genaralized 1 ather uges

BEST MANAGEMENT PRACTICE (BMP}: A technigue, pracess. aclivity. or stiucture
wsed to reduce pollulant discharges in starmeatar. BMPs include soures contral
practices (nan-steuctural BMPz) and engineered structures designed i freat mnoff,

BIGRETENTION: & method of stormwater quality treatment that relies an seils and
veetatian far reduction o the quantity {volume) of stormwsaler runaff and
remoyvalfretenticn of stomiwater pollutants. Bioretention faciiies reduce nunoff volume
chscharged dowinsiream by infiltration and evapotranspiration. Bicretentran facinies Py
be designed for infiliration 1o subsoils ar with underdrains, depending on sile-specihic
canchitions, Follilan removal processes include filfratian, biplogical uptake . sarphan and
sedinentatian (in the temporary surface poel during an event). Bioretntion facilties ane
also known us rain gardens and porgus landsca pe detention.

CANOPY INTERCEFTION: The interceptun af precipitanen, by leavee and Branches of
rees and vegetation that dows ol reach the saoil,

CISTERMN. A water tank used Lo slore harvested sionmwaler

CWA: Llean Water Act (farmerly ceferrad to as the Federal Water Palluben Gontral

Act or Fealeral Water Pollubon Control Azt amendments of 1972 Puk L 92-500. as
armended Pulp. L 95217, Pub L 95.576, Pub. L. 96-463 ard Pub. L. 97117 33U S0
1201 et .geq.

CHRECTLY CONNECTED IMPERVIOUS AREA (DCIA): The partian of impery.cus area
with a dirgct hydradtic connection 1o he muricpal separate storm sewer system ar a
walerbody via canhnuous paved surfaces. guiters, pipes, and odher mpervicus features
Lurect connected imperaous area typically dees nod include isolated imperiaus aress
wilh an ndrecd hydravlic connechan 1 the munic.pal separate slorm sewer sysiom le.g.
swale or detention basin) or that clherwice drain (o 3 pervious arca.

DISTRIBUTED CONTROLS: Use of multiple BMP3 distribuled throughout a
development site to contral and treal stormwater clote to d spurce, 55 opposed to



routing flows to a larger, centralized stormwater facility. Use of distributed stormwater
controls is key component of Low tmpact Development.

ENGINEERED INFILTRATION: An underground device or system designed to accept
stormwater and slowly exfiltrates it into the underlying soil. This device or system is
designed based on soil tests that define the exfiltration rate.

EVAPOTRANSPIRATION: The sum of evaporation and transpiration of water from the
earth’s surface to the atmosphere. It includes evaporation of liquid or solid water plus
the transpiration of plants.

EXTENDED FILTRATION: A structural stormwater practice which filters stormwater
runoff through vegetation and engineered soil media. A portion of the stormwater runoff
drains into an underdrain system which slowly releases it after the storm is over.

GREEN INFRASTRUCTURE: An array of products, technologies, and practices that
use natural systems — or engineered systems that mimic natural processes —to
enhance overall environmental quality and provide utility services. As a general
principal, Green Infrastructure techniques use soils and vegetation to infiltrate,
evapotranspirate, and/or recycle stormwater runoff. When used as components of a
stormwater management system, Green Infrastructure practices such as green roofs,
porous pavement, rain gardens, and vegetated swales can produce a variety of
environmental benefits. In addition to effectively retaining and infiltrating rainfall, these
technologies can simultaneously help filter air pollutants, reduce energy demands,
mitigate urban heat islands, and sequester carbon whilg also providing communities
with aesthetic and natural resource benefits.

GREEN ROOF: An engineered vegetated roof that can be used to retain and/or detain
and treat precipitation. Green roofs require an engineered structure that can support
soils, vegetation and {oads associated with rainfall, stored water, snow, people and
equipment. Key components include a waterproof membrane, root barrier, drainage
layer, soil/growing medium, irrigation system and plants.

HYDROMODIFICATION: The alteration of the natural flow of water through a
landscape, and often takes the form of channel straightening, widening, deepening, or
relocating existing, natural stream channels. It also can involve excavation of borrow
pits or canals, building of levees, streambank erosion, or other conditions or practices
that change the depth, width or location of waterways. Hydromodification usually results
in water quality and habitat impacts.

ILLICIT DISCHARGE: Any discharge to a municipal separate storm sewer that is not
composed entirely of stormwater except discharges pursuant to a NPDES permit (other
than the NPDES permit for discharges from the municipal separate storm sewer) and
discharges resulting from fire fighting activities. :
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RAINWATER HARVESTING

Sustainable Dramage Management for SSCAFCA,
Sandoval County, City of Rio Ranche, Town of Baemalile
and Village of Caorrales
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IMPERVIOUS DISCONNECTION. Runoff from impervious surfaces is prevented from
discharging to and is not hydraulically connected to off-site locations. In these
guidelines, impervious disconnection is the same thing as rainwater harvesting.

IMPERVIOUS SURFACE. The portion of a parcel that has a covering which does not
permit or severely restricts water to percolate into the naturai soil. Impervious surface
includes, but is not be limited to, buildings, roofs, all driveways and parking areas
(whether paved or not), dense graded gravel material, sidewalks, patios, tennis and
basketball courts, covered and uncovered decks, porches, patio blocks, paver bricks,
hard landscape materials (hardscape) and other structures where the majority of water
runs off the surface rather than being absorbed into natural soils underneath. Surfaces
that are specifically designed, constructed and maintained to percolate or infiltrate water
into the natural soils underneath are not considered impervious surfaces.

INFILTRATION. Movement of water from the surface to below ground through soil pore
spaces.

LOW IMPACT DEVELOPMENT (LID): LID is an overall land planning and engineering
design approach to managing stormwater runoff. LID emphasizes conservation and use
of on-site natural features to protect water quality. This approach implements
.engmeered small-scale hydrologic controls to mimic the pre-development hydrologic
regime of watersheds through infiltrating, filtering, storing, evaporating, and detaining
runoff close to its source. The term Green infrastructure (Gl) may also be used.

MICROBASIN. A small relatively shallow basin used to capture, store and utilize
stormwater.

MICROCLIMATE. Localized conditions of moisture, sun, wind, etc.

MUNICIPAL SEPARATE STORM SEWER SYSTEM (MS4): A publicly owned
conveyance or system of conveyances that discharges to waters of the U.S. and is
designed or used for collecting or conveying stormwater, is not a combined sewer, and
is not part of a publicly owned treatment works (POTW). All separate storm sewers that
are defined as “large” or “medium” or “small” municipal separate storm sewer systems
pursuant to paragraphs 40 CFR §122.26(b)(4), (b)(7), and (b)(16), or designated under
paragraph 40 CFR §122.26(a)(1)(v).

MS4 PERMIT: A state or federal stormwater discharge permit to regulate discharges
from municipal separate storm sewers (MS4s) for compliance with Clean Water Act
regulations.



NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES): The
national program under Section 402 of the Clean Water Act for regulation of discharges
of pollutants from point sources to waters of the U.S.

NON-POINT SOURCE (NPS) POLLUTION: Pollution that occurs when rainwater,
snowmelt, or irrigation transports poliutants from diffuse sources across land surfaces
into waterbodies. Nonpoint source pollution is contrasted with point source poliution in
that it is not discharged from single discharge points such as wastewater treatment
plants.

OVERFLOW DEVICE. Component of a water harvesting structure that allows excess
stormwater to flow out of the structure without damaging the structure.

RAINWATER. Liquid precipitation falling from the sky before it has hit a solid surface.
RAINWATER HARVESTING. The collection, conveyance, and storage of rainwater.

The scope, method, technologies, system complexity, purpose, and end uses vary from
rain barrels for garden irrigation in urban areas, to large-scale collection of rainwater for

- all domestic uses,

REVISED UNIVERSAL SOIL LOSS EQUATION (RUSLE): An erosion prediction
method originally developed for agricultural land use that can also be used for
estimating erosion potential on construction sites and adjusting BMPs to reduce the
estimated erosion. Factors included in this equation include rainfall-runoff erosivity, soil
erodibility, slope length and steepness, surface cover management, and erosion control
practice implementation.

SOIL AMENDMENT: Adding components to in-situ or native soils to increase the
spacing between soil particles so that the soil can absorb and hold more moisture. The
amendment of soils changes various other physical, chemical and biological
characteristics so that the soils become more effective in maintaining water quality.

SOURCE CONTROLS: A variety of practices implemented to minimize runoff by
confrolling stormwater where it originates and/or accumulates

STORMWATER. Rainwater becomes stormwater once it has landed on a surface.

SWALE. A curvilinear depression in the land surface that collects, stores and utilizes
stormwater.



TOTAL MAXIMUM DAILY LOAD (TMDL): A calculation of the maximum amount of a
pollutant that a waterbody can receive and still meet water quality standards. A TMDL is
the sum of individual wasteload allocations for point sources (WLA), load allocations for
non-point sources and natural background (LA), and must consider seasonal variation
and include a margin of safety. The TMDL comes in the form of a technical document or
plan.

UDFCD: Urban Drainage and Flood Control District. (Denver and Colorado vicinity)

WATER QUALITY CAPTURE VOLUME (WQCYV, as defined by UDCFD}: The quantity
of stormwater runoff that must be treated in stormwater quality BMPs. This volume is
equivalent to the runoff from an 80th percentile storm, meaning that 80 percent of the
most frequently occurring storms are fully captured and treated and larger events are
partially treated.

WATERSHED. a term commonly used to describe a catchment area within which all
stormwater drains toward a common coliection point.

WETLANDS: Those areas that are inundated or saturated by surface or ground water
at a frequency and duration to support, and that under normal circumstances do
support, a prevalence of vegetation typically adapted for life in saturated soil conditions.
Wetlands generally include swamps, marshes, bogs, and similar areas.

XERISCAPE. Landscaping that saves water by using water conserving designs,
drought tolerant plants, native plants, water harvesting téchniques, reduced turf areas,
appropriate irrigation methods, soil improvements and mulching, and proper
maintenance practices.

303(D) LIST: Section 303(d) of federal Clean Water Act requires states to list those
waterbodies that are not attaining water quality standards, including designated uses,
and identify relative priorities among the impaired waterbodies. Once a stream is listed
on the state 303(d) list, a Total Maximum Daily Load (TMDL) is typically required to
assign allowable pollutant loads to various sources to enable the waterbody to attain
designated uses in the future. ‘

404 PERMIT: A federal discharge permit authorized under Section 404 of the Clean
Water Act, which regulates the discharge of dredged, excavated, or fill material into
wetlands, streams, rivers, and other Waters of the U.S. The U.S. Army Corps of
Engineers is the federal agency authorized to issue Section 404 Permits for certain
activities conducted in wetlands or other U.S. waters. When working in or around
waterways or wetlands, 404 Permits are often required.
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RAINWATER HARVESTING

APPENDIX C
WATER CONSERVATION

An estimate of the amount of potable water that could be saved with the Rainwater
Harvesting Program was investigated.

1.

References

Water conservation is the primary purpose of many of the rainwater harvesting
programs in the southwest. Several good references for programs that focus on water
conservation include:

Roof-Refiant Landscaping™, Rainwater Harvesting with Cistern Systems in New
Mexico prepared by the Office of the State Engineer (NMOSE, 2005),

Santa Fe County Water Harvesting Guidelines (Santa Fe, 2003),

The Texas Manual on Rainwater Harvesting (Texas, 2005).

Stormwater as a Resource, Santa Fe, (Morgan and Trevathan),

Sustainability Of Semi-Arid Hydrology And Riparian Habitat,
(www.sahra.arizona.edu),

Rainwater Harvesting, Supply from the Sky, City of Albuguergque (Albuquerque,
1995)

Rainwater Harvesting: System Planning, Texas, New Mexico & Arizona (Texas
A&M, 2010).

Harvest the Rain, How to Enrich Your Life by Seeing Every Storm as a Resource
(Downey, 2010)

These documents, as well as many more southwest based rainwater harvesting
publications, are listed in the References Appendix.

2. Passive and Active Systems,

Rainwater Harvesting can put rainwater to use on-site and therefore conserve
potable and/or ground water in two fundamentally different ways, passive systems
and active systems. Both are embraced by the proposed rainwater harvesting
program.

1. Passive Rainwater Harvesting Systems.

Passive techniques are the use of on-site surface and shallow drainage features to
catch or slow the runoff and allow the stormwater to soak into the soil for plant use
or as infiltration. This is @ common landscaping or permaculture technique using
"micro catchment” basins, swales, tree wells, permeable pavement, infiltration
basins, bioretention and similar facilities (Downey, 2010).Permaculture, as defined in

1



Wikipedia, is: “Permaculture is sustainable land use design. This is based on
ecological and biolegical principles, often using patterns that occur in nature to
maximise effect and minimise work. Permaculture aims to create stable, productive
systems that provide for human needs, harmoniously integrating the land with its
inhabitants. The ecological processes of plants, animals, their nutrient cycles,
climatic factors and weather cycles are all part of the picture. Inhabitants’ needs are
provided for using proven technologies for food, energy, shelter and infrastructure.
Elements in a system are viewed in relationship to other elements, where the
outputs of one element become the inputs of another. Within a Permaculture
system, work is minimised, "wastes" become resources, productivity and yields
increase, and environments are restored. Permaculture principles can be applied to
any environment, at any scale from dense urban settlements to individual homes,
from farms to entire regions.”

. Active Rainwater Harvesting Systems.

Collecting and storing the rainwater in cisterns for future use is another method that
potentially provides a more effective use of the rainfall over a tonger period. This is a
more structured approach and provides a more effective use of the rainwater
(NMOSE 2005, Texas, 2005).

The Rainwater Harvesting Program promotes the collection of the rainwater and
storing it for future use for irrigation. Two resources based on local conditions were
used to evaluate the effectiveness of rainwater harvesting in reducing the use of
potable water for irrigation. These are Roof-Reliant Landscaping™ (NMOSE, 2005)
and an online calculator available from the Texas Agrilife Extension (Texas A&M,
2010).

. Water Balance

Water balance is the concept of balancing supply with demand. The amount of
rainwater available over a time period including rainfall and stored water is the
supply. The demand is the irrigation required over that same period plus any
leakage or losses. The difference is the amount of potable water needed. Typically,
rainwater harvesting water balances are based on monthly averages. Also, the
average rainfall amount is skewed in the southwest due to infrequent but large
storms. For example, in Albuquerque, the average annual precipitation is about 8.6”.
So a single 2" storm has a major impact on the annual rainfall available for
harvesting. A “normal” rainfall depth is used for the rainwater harvesting calculations.
A depth of about 80% of the average amount is recommended, which for the
SSCAFCA jurisdiction is approximately 7.8” (NMOSE, 2005).
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Two different models were used to estimate the amount of water that can be
conserved using active rainwater harvesting techniques.

o Online Calculator (Texas A&M, 2010)
o Roof Reliant Landscaping (RRL) (NMOSE, 2005)

The following examples based on a 1/2 acre SFR developed Iot are included in this
evaluation to determine water balance and potential supplemental water use:

a. Online Cajculator. Sample water balance calculations were developed using the
online calculator at http://rainwaterharvesting.tamu.edu/onlinecalculator/NM. This
calculator was developed as part of a cooperative effort with NMSU, University of
Arizona, Texas A&M and others.

A. Roof top collection (3,500 square feet), 2,200 gallon (1") cistern, 5,000 SF
landscape, low water use plantings.

B. Roof top collection (3,500 square feet), 5,200 gallon (2.4”) cistern, 5,000
square foot irrigated area, low water use plantings.

C. Baseline model. All impervious collection (5,880 square feet), 3,700 gallon
cistern (17), 5,000 square foot irrigated area, low water use plantings

D. Allimpervious collection (5,880 square feet), 8,800 gallon cistern (2.4"), 5,000

square foot irrigated area, fow water use plantings

. Allimpervious collection (5,880 square feet), 8,800 gallon cistern (2.4", 6,000

square foot irrigated area, low water use plantings to determine the increase
in irrigation area for the larger cistern.

F. Allimpervious collection (5,880 square feet), 3,700 gallon cistern (17, 2,100
square foot irrigated area, medium water use plantings to investigate the
impact of medium water use plants.

G. Allimpervious collection (5,880 square feet), 3,700 gallon cistern (1"), 1,400
square foot irrigated area, high water use plantings to investigate the impact
of high water use.

H. Smali house model, 2,000 square foot impervious collection, 1,250 gallon
cistern (17), 1,800 square foot irmigated area, low water use plantings to
investigate the impact of smaller footprint.

I Ali impervious collection (5,880 square feet), 3,700 gallon cistern (17, 5,000
square foot irrigated area, medium water use plantings.

J. Allimpervious collection (5,880 square feet), 3,700 gallon cistern (1), 5,000
square foot irrigated area, high water use plantings

K. Roof top collection (3,500 square feet), 2,200 gallon cistern (17), 3,100 square
foot irrigated area, low water use plantings.

L. Roof top collection (3,500 square feet), 2,200 gallon cistern (1), 2,300 square
foot irrigated area, medium water use plantings.

m
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WATER COMSERVATION EXAMPLES
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b. Roof Reliant Landscaping™ (RRL).
Sample water balance calculations were developed using the data and
methodology in the Roof Reliant Landscaping manual prepared by the NM Office
of the State Engineer.

Z Roof top collection (3,500 square feet), 2,200 galion (1") cistern, 2,400 SF
landscape, low water use plantings.

Y All impervious collection (5,880 square feet), 3,700 gallon (1") cistern,
5,000 square foot irrigated area, low water use plantings.

X All impervious collection (5,880 square feet), 8,800 gallon cistern (2.4"),
5,000 square foot irrigated area, low water use plantings

w Small house model, 2,000 square foot impervious collection, 1,250 gallon
cistern (17), 1,400 square foot irrigated area, low water use plantings

\' Small house model, 2,000 square foot impervious collection, 1,250 gallon
cistern (17), 550 square foot irrigated area, medium water use plantings.

U Roof top collection (3,500 square feet), 5,200 gallon cistern (2.4"), 2,650
square foot irrigated area, low water use plantings.

T Roof top collection (3,500 square feet), 2,200 gallon cistern (1%), 375
square foot irrigated area, high water use plantings.

S Roof top collection (3,500 square feet), 2,200 gallon cistern (17), 950
square foot irrigated area, medium water use plantings

R Roof top collection (3,500 square feet), no cistern, 2,400 square foot
irrigated area, low water use plantings.

The RRL method to estimate the water balance uses the following assumptions:

o Monthly City of Albuguerque rainfall data for a “normal” year of 7.83 ”
o Irrigation demand for three different types of plant communities;

o Low Use — Blue Grama, Desert Willow (native sand-scrub mesa-

habitat)

o Medium - Buffalo Grass, Bermuda Grass

o High — St. Augustine, Fescue
Catchment runoff coefficient for roof = 0.9, (20% of the rainfall runs off).
100% efficient irrigation system.
No additional water allocated for plant establishment.
The first year and second year cumulative storage and the supplemental
water use required to balance demand are computed assuming the cistern is
empty on January of the first year.

o Catchment area, storage volume and landscape area are variables
Using this calculator, the following examples demonstrate the potential conservation

value of the Rainwater Harvesting program.

0 0o 0



WATER CONSERVATION EXAMPLES

Roof-Reliant Landscaping Methodology
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4, Conclusions.

The following conclusions are supported by this analysis:

o

Numerous combinations of catchment area and reasonable landscape area
result in a break even water use without supplemental irrigation water far the
typical rainfall year (Examples C, D, E, F, G and H). Using the rule of thumb
that 1/2 of the water use in suburban areas is for irrigation, rainwater
harvesting could save about half of the potable water use.

For the baseline 1/2 acre SFR site with 5,880 square foot of impervious
capture and 3,700 gallons of storage, a landscape area of 5,000 square feet
can be maintained with a break even water balance for the typical year
(Example C). This is a plot of 70’ by 70’ or about 1/8 acre.

Increasing the storage volume does not decrease the demand for
supplemental water for a given landscape area (Examples A to B and C to D)
Increasing storage from 3,700 gallons to 8,800 gallons allows only an
increase of 1000 sf of landscape area to achieve a break even water balance
(Example D to E).

Using medium water use plantings or high water use plants dramatically
increases the water use, regardless of the storage volume (Examples | and
).

break even water balance can be achieved even with medium and high water
use plants by reducing the landscape area (Examples F and G).

With a reduced impervious area representative of a smaller house, a
reasonably sized landscape area can be supported at a break even water
balance (Example H).
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Southern Sandoval County Arroyo Flood Control Authority
Prediminasy Englneers Oplaion of Probable Costs for On-lol Waler Hrvesting

EXAMPLE 1
Prapared bry:| i
Dabe: MOVEMBER 2010
ITEM
HO DESCRIPTION
i Wiator Harvesting Cheantithes
2 E” DfA Dvpin Pigss wi' connaclisns
1 B DA CRP W METAL LID (I DEPTH)
] Construction Bubiolal
] 25% CONTINGENCY
L MNMGRT & T.0525%
T Comiruciion Todal

LT
FRICE LT CrlAM AMOUNT

00 W M5 § T 30000
00000 Es f &,000.00

¥ 100

: 3,075,00

1,088 85
—



Southern Sandoval County Arroyo Flood Control Auvthority
Prelimimary Engincer's Opindon of Probable Costs for On-lot Waster Harveiting

EXAMPLE 2

Pregared by ||
Drala; HOAVEMBER 3010

Ll L o EE

DESCRIPTICH

Waler Haresting Quardiiies
TYPE A& RETAINING WALL
Constnsction Sublolal
29% CONTINGENCY
NBAGHT §f) 7.0625%
Conafructicn Tedal

UNIT
PRICE UINIT QM AMOUNT

3000 IULF 105 i 3. 150000
] THT.50
278,00

(8 az1559]



Southern Sandoeval County Arroyo Flood Control Authority
Preliminary Engineer's Opinion of Frobable Costs for On-lol Waler Harvesting

EXAMPLE 3
Date: NOVEMBER 2010

IMEM

MO, DESCRIPTION
i Wiber Marvosling Susntiiies
2 B' DUA CRAP WY METAL LID (¥ DEPTH)
3 Consiruction Subdalal
4 25% CONTINGEMCY
5 NMGRT @ 7 Okri%
§ Consirection Totsl

LT

PRICE URIT Ouam ARHINT

5300000 EA

1

B, 000,00
o
125000

441,41
& 141

P o,
=]



Southern Sandoval County Arroyo Flood Control Authority

Prelimmary Engineer’s Opinion of Probable Costs for OBt Water Harvesting

EXAMPLE 4
Peppared by |
Date: RIVEMBER 2010
ITEM
MO, DERCRIFTION
| Water Harvesling Qusnisies
2 E" DiA Dvwin Pipe wi connachions
3 40000 Gial. Geptic Tank, CHY
4 Caonsliisciion Subiotal
§ 25% CONTINGENCY
B HMGRT ) 7.0825%
T Consdruction Totad

UNIT
PRIGE UNIT Qiuas AMOUNT

52000 LF 330 3 540000
$6.00000 EA 1 ;_

12,400,040

$ 310000

[ o]



Southern Sandoval County Arroyo Flood Control Authority

Preliminary Enginecr's Opinion of Probable Costs for On-lol Waler Varvesting

EXAMPLE 5

Preguiesd byl (| ||
Dats: MOVERSER 2010

T . EE

CESCRIPTION

Waator Hernga bing Quantities
TYPE A RETAINING WhLL
Construction Sulstsl
25% CONTINGEHCY
NMGRT @ T.06E8%
Cangtruciion Totsl

(4 3,750.00 ]
3 7.5
5 331,05

[s soiass




Southern Sandoval County Armoyo Flood Control Authority

Prefiminary Engineer's Opinion of Probable Costs for Ou-bol Water Harvesting

EXAMPLE 6
Prepared by | |
Diabs: HOWVERBER 2010
ITEM LMIT
N DESCRIPTICN PRICE UMNIT  QlAK AMOUNT
i Water Harvesting Cuaanidios
2 1000 Gal Aoyve Ciround Pre-Fab Tank 170000 EA 4 L] {5 1)
| Constructicn Swblolal | 5 Ei
4 J55% CONTINGENCY ¥ 1. 30000
- MMOGRT & 7.06825% 423
L

Coesdruction Tolal § BATLTS
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Eco-Plus Package
The Ideal Solution for use in the Home and Garden

Carat Underground Tank G2 /.-*"-'ﬂ-r .:-f
Package 500 Glee.
wiGi 9] ¢ igrer
. - Scope of Supply Optional Accessories
* Ecotomic package sclution * 1,0 gadled Catal undnigiomad tank Raimwater Syviem Controller | |
* Fatenied seif dleaning fBter bechnobogy # Iind leleriropic dome shalt foe pedeyiian The Riimmater Satem "
* Automatic THP pump system boading with as afusiabie FE d and Controder mansges #ll of the
* Eagy 1o ssseemble with modular and tareenlen] hite cennection socea in lid functinen required in @ Eypical residential or

campatible components + Foo-Plut package, conshits of: comene ] epiwa et colibslion vyitem,

* Dedy one cover vicwable = inzernal Oplieas- Pro [sel - cleaning) Fies
Digital Water Level Indlcator
if 1hie surface = WPaw slifllag wytem lor contrelling ;
+ Mosapits prosf design water inflow e s Lot IR W oty
] - Chweflorw Siphan and maen! geard "= e | 5010 100w
= Spannfix pige connection seeve i
* Eto-Phe pump package conshis of: -
= 1HP. 15V aulomatic pump A
= Stnlrless siecl Noating extincion Vehicie Loading Dpdion
=40 1L cord Hiewey duty ey
wailh £ail inon lid

Wi v"ﬂ"l"l“l &arwﬂx eomm,
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PACKAGE 1:

IN-LINE ABOVE GROUND GARDEN
Package 1 is designed for a small residential storage capacity with above ground storage,
Thits package s ideal for small gardens and each downspout filter will collect & roof areafsection
up to 1,600 s.0. The pump system will allow for drip or hand irrigation,

INCLUDES:

1* Flodbile Mows .

""‘-\..H‘h-:' ADov s iouna

CONNECTION CONFIGURATION:

WAL IR

Aoy Swadw Laza
ey Dl

T Wi i




PACKAGE 4:

ABOVE GROUND RESIDENTIAL/ COMMERCIAL

Package 4 is designed for a large residential or small commercial building with abave ground
storage. This package Is ideal for non-potable neads ingide and outside the bulding, Each filter
will filter up to 5,500 sq.ft. of roof arca. Multiple filters and tanks can be instatled for @ larger roof
area and langer storage capacity,

INCLUDES:

Tanks
Sucfion Pump

L

Flsaking
Flltar and

Pl

CoNNECTION CONFIGURATION:




D'ndﬂe, Clint

From. Al Lprgh biynzl-fEgeas ap iy camt
ank; Tooadiy May 31 2011 4 40 FM
F Lol iy
Sufect: B i resaler - 2rpa shng sramage
Ot

Typera SN 2.0 SPSI8TE & fur gppiaamately §5500 deliwso=l Aot fepends an Re shipping i me aca
I> Mo 10 S ECLES

Bill Lyich

Genkral Manaper
Geosupply Sail Solutions
blyrchiFig eorupply Com

Cfice: BOZ-305-8094

Fan: B&2-305-8096

Call: 480-710.4344

Fram: Modee, Clint [man'teoc Dodggginedpa < Dc.com)
Sent: Tuesaay, May 24, 2211 301 #M

To! Ecl Ly h

Subject Pairmwanr harvesting slorage

Wean: werking 09 3 prozoted iainaater hartestieg crogian fo: the Lin fancho arca and are renquisbing soma panenc
s1inda For nsealdea v cdoereronrid resd ular cissans wsine -ansrfeene with ineperreeaBle ke, ur siculer, o be e e fur
vgdtion e proaseld zrogram wsuld regquire sainwater Jamae s1onn an every new e denee weth 3 typcalinstallalion
pdabout 2000 palans.
Can wou helo wath sonwe date to compare weth o1k Bppes, nf gister-5?
Than<s
Clant Dadpe

WHPacie



Components:

Froject: Iype Harvesting
Ta sore 2200 gallons ¢ walor.. Regquires a Minimum 9 HS3 Lnits
Your Site Uit Length 4 x Uit YWidth o x L'nit Depth 4

Configrrntion  Tikal Rainstore?* Units Needed = 9%

Centextily Fabric (8 oz) Necded = 147 5q yds 23 m?
oy oyt vt o 745 yds 52
Geoprid Needed = 13950 yids 114 m?
Excavated Yolume MNeeded = tdcue yds 49 m?
oyt ackfill Material® =
SR i A o et 37cu yds 28 m’
12 inches Cover {Parous Base Coursc) = 14cu yds 11 m?
"UCover winien foom 12 6o 36 inches
Approx. Labor to [nstall System = 2 man hougs
<< back I Print Resulis | nexl »» I
Lip b2 M7, ovpigris bacme been cakelabed Lk pn o ibons alowe Thiz iz o & gueshe

Wl Bt FIHIN



Components:

T'ropuect: Type: Harvesting
Tor Sure 2200 zallions af worter... Feguires a M 9 RS3 Cnms
Your Site Lluid Length 4 x Unin Widih 5 % Lmit Depth 4

Configueetionr Total Rainstore? Units Needed = 94

Greotextile Fabric (B oz) Needed = 147 5q yds 121 m?
Geomembrane Liner (40 mil PVC }=

"maed meLinby fne caplire And reuse 74 s | }"'dﬁ Rl e
Geagrid Needed = 139 5q yds 116 m?
Excavated Volume Needed = &4 cu yds 49 m’
Struclural Back{ill Material* = 3
"Rt sarls may b uged, check wilh s0ils engincer A }rdﬁ I8 m
12 inches Cover (Forous Base Course) = 14 yuds 11 m?
"Lover waries frone 12 W 36 inches
Approx. Labor Lo Install System = 2 man hours
<< back I Frinl Resalis | next »>» I
Up o 25 cvorng @1 buve baen coleulaad Bu spns (i abae T3 iz ot 2 que

gy ELO2037 - F0CH
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APPENDIX F
GRADE AND DRAIN EXAMPLES
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