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1 INTRODUCTION

Section 303(d) of the Clean Water Act and the Bi&ironmental Protection Agency’s
(EPA’s) Water Quality Planning and Management Ratgoms (Title 40 of th€ode of
Federal RegulationfCFR] Part 130) require states to develop totatimam daily loads
(TMDLs) for waterbodies that are not meeting tliwsignated uses even though
pollutant sources have implemented technology-basettols. A TMDL establishes the
allowable load of a pollutant or other quantifiapkrameters on the basis of the
relationship between pollutant sources and in-streater quality. A TMDL provides

the scientific basis for a state to establish wateity-based controls to reduce pollution
from both point and nonpoint sources and restodenaaintain the quality of the state’s
water resources (USEPA 1991).

EPA Region 2 and the Puerto Rico Environmental QuBbard (PREQB) have
coordinated a watershed assessment and an aradlgsidient water quality monitoring
data to support the calculation of a fecal colifdracteria TMDL for the Rio Grande de
Afasco watershed in Puerto Rico. This waterbodigtisd as impaired on Puerto Rico’s
2008 section 303(d) list. This document preserggésults of the TMDL study and
provides the technical basis for calculating theDIM
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2 PROBLEM IDENTIFICATION

2.1 Background

The Rio Grande de Afasco is in western Puerto fFigure 2-1). Its headwaters are in
the Cordillera Central mountain range. From there river flows in west toward the
Canal de La Mona, draining approximately 468 sqidoeneters of land. The Rio
Grande de Afasco watershed is part of the 10-di§&S Cataloging Unit 2101000302.
Major tributaries are Rio Humata, Rio Arenas, R&s&€y, Rio Blanco, Rio Mayaguecillo,
Rio Canas, Rio Guaba, Rio Prieto, Rio Guilarte,RindGuayo. Prieto, and Guayo lakes
are in the watershed, and a dam on Rio Guilaregesd.ago Yahuecas in the eastern
headwaters of the watershed. The Rio Grande decAivestershed falls within the
municipalities of Adjuntas, Afiasco, Lares, Las MayiMaricao, Mayaguez, San
Sebastian, and Yauco. Land use in the watershesisteof a mix of urban and rural
populated sections, agriculture, pastures, andtedeareas.

The Rio Grande de Afiasco watershed’s topograpmmpgtly mountainous in the
headwaters and level in the areas close to thegiwatlet. The highest point in the
watershed is 1,200 meters above sea level. Thestqeaint of the watershed is its outlet
at sea level. The mean elevation of the watersh8d2 meters above sea level.

The Afasco watershed has a tropical climate ati@yations and a subtropical climate
at higher elevations. Both temperatures and rdiafalaffected by the northeastern trade
winds. Humidity is relatively high in the summendamost rainfall occurs between May
and December. Showers, which can be locally hezarybe expected any time of the
year. Most showers have a short duration. The ¢ame season runs from June to
November, but hurricanes occur most often betwegguat and October.

Because of minor industrial point sources, confiaginal feeding operations,
agricultural practices, and onsite wastewater syst¢he Rio Grande de Aflasco system
no longer meets the applicable water quality stedgltor Puerto Rico (PRWQSR
Section 3.2.4[B][2]). As a result, Assessment Umitthe Rio Grande de Afasco
watershed are listed on Puerto Rico’s 2006 CleatekMsct Section 303(d) lists of
impaired waterbodies for “Fecal Coliform Bacter{@able 2-1).
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Figure 2-1. The Rio Grande de Aflasco watershed amtirrounding municipalities.
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Table 2-1. Assessment units in the Rio Grande de A$co watershed, including those

identified on Puerto Rico’s section 303(d) list oimpairments

2006 Assessment Associated
BASIN Unit State Impairment Station(s) Priority Ranking
LAGO GUAYO Unlisted ] ]
(PRWL83H)
RIO GRANDE DE Fecal Coliform 50146000
ANASCO (1700) 50144000 High
(PRWR83A) 50143000
RIO CANAS .
(PRWR83B) Unlisted - -
RIO CASEY Fecal Coliform .
(PRWRS3C) (1700) 50146000 High
RIO HUMATA Fecal Coliform .
(PRWRS3D) (1700) 50146000 High
RIO ARENAS .
(PRWRS3E) Unlisted - -
RiO RIO
GRANDE DE MAYAGUECILLO Unlisted - -
ARIASCO (PRWRS3F)
RIO GUABA Unlisted - -
(PRWR83G)
RIO BLANCO Fecal Coliform .
(PRWRS3H) (1700) 50143000 High
RIO PRIETO Fecal Coliform .
(PRWRS3) (1700) 50143000 High
Unnamed AN-1 .
(1131) Unlisted - -
Unnamed AN-2
(1141, PRWEO0291 / Unlisted - -
PRWE0289)
Unnamed AN-3
(1151, PRWE0271 / Unlisted ) )
PRWKO0275/
PRWC0274)

2.2 Water Quality Criteria

Impaired waters in the Rio Grande de Afasco syarenclassified as “SD” and are
subject to assessment methodologies and benefgaal described in the “Rivers”
category of Puerto Rico’s section 303(d) list opaired waters. Four beneficial use
categories are identified here: Primary Contactr&smn (R1); Secondary Contact
Recreation (R2), Aquatic Life (AL), and Drinking \téa (DW).

Of the thirteen assessment units identified in @&blL, eight are not listed for fecal
coliform bacteria impairments. None of the five eimed assessment units fully support
the designated uses of aquatic life or drinkinganall of the five remaining assessment
units support the designated use of secondary comtereation, but none fully support
the designated use of primary contact recreatibe.Water quality standards that apply
to these waters are as follows:
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= Section 3.2.4.(A) of the Puerto Rico Water Quaitgndards Regulations (PRWQSR)
includes the following designated use for Classwiiers:
“Surface waters intended for use as raw water sypptopagation and
preservation of desirable species, including theead or endangered species,
as well as primary and secondary contact recreation

= Section 3.2.4(B)(2) of the PRWQSR, as amendedancM2003, includes the
following criteria for coliform:

“Coliforms: The coliform geometric mean of a series of repnégtive samples (at
least five samples) of the water taken sequentsalatl not exceed 10,000
colonies/100 mL of total coliforms or 200 colonigX) mL of fecal coliforms. Not
more than 20 percent of the samples shall exce@adi@dnies/100 mL of fecal
coliforms.”

The water bodies are impaired for fecal colifornsteda, so the numeric criteria
described above will define the water quality taidentified for determining the TMDL.
Because the TMDL development approach uses a watéraodel to compare fecal
coliform bacteria concentrations against the watedity target, those streams that
exhibit exceedances of the water quality targegscansidered impaired by fecal coliform
bacteria and will require TMDLSs, even if they wera specifically listed in the 303d list.
The watershed model shows fecal coliform bactet@eding water quality standards
throughout the watershed for all thirteen waterable 2-1. Therefore, all thirteen
waters are impaired by fecal coliform bacteria, esglire TMDLSs.

2.3 Pollutant Sources

Potential sources that contribute fecal coliformtbda can be grouped into two
categories: point sources and nonpoint sourcest Bources include permitted
discharges that were calculated on the basis abhatPollutant Discharge Elimination
System (NPDES) limits for each facility and pereutistormwater under NPDES
General Permit PRR040000 for Discharges from SMallicipal Separate Storm Sewer
Systems (MS4). Nonpoint sources are diffuse anddecwatershed contributions (e.g.,
non-permitted stormwater runoff and septic contidns; estimated on the basis of
population data) and local sources.

2.3.1 Point Sources

A point source, according to Title 40 of tBede of Federal Regulatiof€FR), Section
122.3, is any discernible, confined, and discret@veyance, including but not limited to
any pipe, ditch, channel, tunnel, conduit, welsadéte fissure, container, rolling stock,
concentrated animal feeding operation, landfiltlegte collection system, and vessel or
other floating craft from which pollutants are oayrbe discharged. The National
Pollutant Discharge Elimination System (NPDES) pang, established under Clean
Water Act sections 318, 402, and 405, requires peffior the discharge of pollutants
from point sources.
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NPDES permit information was obtained from EPA’srie Compliance System (PCS)
database and verified with PREQB for 11 total paadifacilities in théRio Grande de
Afiascowatershed. The data from PCS include permit limuitd discharge monitoring
data for the 11 active facilities, which were colagiand used to configure the Loading
Simulation Program C++ (LSPC) model. See Figuref@2he locations of these
facilities, and Sections 4 and 5 for details on lpmint sources were accounted for in the
TMDL. Table 2-2 shows the permitted flows, concatitns, and calculated fecal
coliforms bacteria loads for each permitted fagilfable 2.2 includes the filter plants
because each one is permitted to discharge fetifdroobacteria. However, this does
not mean that these facilities are currently disgimg above their limits, it just means
that these facilities are allowed to dischargeaua tertain concentration in the effluent.

Table 2-2. Permitted loads from NPDES facilities

Present
FC Permitted
Present | Present | Permitted | Permitted (#/100 FC Present FC | Permitte
NPDES ID Facility Name MGD CFS MGD CFS ml) | @100mL) | (#day) | FC (#/de
PR0024333 | CASA CASTANER INC | 0.0031 | 0.0049 | 0.0090 0.0139 610 400 7.25E+07* | 1.36E+(
PRo025283 | CASTANER GENERAL | hoes | 00132 | 0.0085 0.0132 576 400 1.85E+08 | 1.29E+
HOSPITAL
PRASA RIO PRIETO
PR0025411 oS0 PRET 00724 | 01120 | 00762 0.1179 5.63 2000 154E+07 | 5.77E+
PRASA WTP MONTE
PR0022934 SAWIE M 00020 | 00031 | 00288 0.0446 176 4000 1.34E+07 | 4.36E+
PR0022951 PRAfAAA\F’{\f;; LAS 00534 | 00826 | 0.1520 0.2352 44.9 2000 9.07E+07 | 1.15E+
PR0020583 | PRASALAS MARIAS | 0.0624 | 0.0965 | 0.2500 03868 | 22235 200 525E+10 | 1.89E+(
PRASA WTP
PR0022926 | PERCHAS COMPACT | 00154 | 0.0238 | 0.0325 0.0503 5.46 2000 3.18E+06 | 2.46E+(
PLT
PR0022942 | PRASA gVLLF;\I?NASCO 00178 | 00275 | 00930 0.1439 33.9 200 229E+07 | 7.04E+(
PRO000353 | UILLY DIEI'&CAR'BE 01330 | 02058 | 0.1330 0.2058 180 2000 9.06E+08 | 1.01E+
MAYAGUEZ MUN
PR0023396 | GOVT-PUBWORKS | 0.0042 | 0.0064 | 0.0038 0.0058 995 2000 157E+08 | 2.84E+
cT
PRASA WTP
PR0023990 | MIRADERO FILTER | 0.3489 | 05398 | 1.4220 2.2002 91.4 2000 1.21E+09 | 1.08E+
PLT
Total: 552E+10 | 1.45E+:

*Note : Scientific notation was used to display the #/day of fecal coliform bacteria, this is a way of writing
numbers that accommodates values too large or small to be conveniently written in standard decimal
notation. The letter E represents times ten raised to the power noted. Example: 7.25E+07 = 72,500,000.
This applies anywhere that a value of this type appears.

Runoff from “urbanized areas” (UAsjs defined by the U.S. Bureau of the Census is
defined as a point source discharge, while rumofifurban areas outside of the Census’
UAs is considered a non-point source dischargeedgraphical information system

(GIS) coverage of UAs from the 2000 Census was tesedparate the urban areas into
municipal separate storm sewer systems (MS4s) andvi§4 urban areas. Table 2-3
presents the estimated fecal coliform bacteriaddemin MS4 areas in the Afasco
watershed. The estimated fecal coliform bacte@a$orom MS4 areas were calculated

! http://cfpub.epa.gov/npdes/stormwater/urbanmagtefun?state=PR
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based on the unit area load of fecal coliform h@ter the urban landuses from the
LSPC model, and applied to the urban areas witlertAs defined by the census.

Table 2-3. Estimated fecal coliform bacteria loadfor MS4 areas

Baseline
Urban Assessment (#/day FC
Urbanized Area County Code Unit Bacteria)
Aguadilla--Isabela--San Sebastian, PR Anasco 631 PRWRS83A 8.77E+09
Aguadilla--Isabela--San Sebastian, PR MljrliZs 631 PRWRS83A 1.44E+09
Aguadilla--Isabela--San Sebastian, PR Moca 631 PRWRS83A 3.78E+06
Aguadilla--Isabela--San Sebastian, PR San_ 631 PRWRS83A 3.47E+09

Sebastian
Aguadilla--Isabela--San Sebastian, PR Anasco 631 PRWR83D 1.04E+09
Aguadilla--Isabela--San Sebastian, PR Moca 631 PRWR83D 5.58E+07
Aguadilla--Isabela--San Sebastian, PR M';‘izs 631 PRWRS83E 2.33E+09
Aguadilla--Isabela--San Sebastian, PR M';i; < 631 PRWRS3F 2.78E+08
Aguadilla--Isabela--San Sebastian, PR Lares 631 PRWR83H 5.17E+08
Aguadilla--Isabela--San Sebastian, PR Aguada 631 Unnamed AN-1 | 5.91E+07
Aguadilla--Isabela--San Sebastian, PR Anasco 631 Unnamed AN-1 | 2.82E+10
Aguadilla--Isabela--San Sebastian, PR Rincon 631 Unnamed AN-1 | 9.09E+06
Aguadilla--Isabela--San Sebastian, PR Anasco 631 Unnamed AN-2 | 1.69E+09
Aguadilla--Isabela--San Sebastian, PR Rincon 631 Unnamed AN-2 | 9.29E+09
Mayaguez, PR Anasco 55738 PRWRS83A 7.55E+07
Mayaguez, PR Mayaguez | 55738 PRWRS83A 4.57E+08
Mayaguez, PR Anasco 55738 PRWR83B 1.05E+09
Mayaguez, PR Las 55738 | PRWRS3B 9.93E+07

Marias

Mayaguez, PR Mayaguez | 55738 PRWRS83B 5.46E+09
Mayaguez, PR Anasco 55738 PRWR83C 2.34E+07
Mayaguez, PR Mayaguez | 55738 PRWRS83C 1.15E+08
Mayaguez, PR Mayaguez | 55738 | Unnamed AN-3 1.99E+10
Totals: 8.43E+10

2.3.2 Nonpoint Sources

Nonpoint sources are considered diffuse sourceslbftion. They can contribute to a
waterbody because of rainfall-runoff processesftusely during dry conditions. The
following subsections describe potential sourcefecdl coliform bacteria to the Rio
Grande de Anasco system and identify likely contobs. These sources are ultimately
used as the basis for load estimation and TMDLrdetetion.
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Figure 2-2. Permitted facilities in the Afiasco watehed.
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2.3.2.1 Agriculture

Agricultural land, which typically consists of clapd, pastureland, and refined animal
management, represents a significant percentatie obtal watershed acreage. Land use
data from the year 2000 was obtained by associttmglassified land cover distribution
determined using an ERDAS Imagfrimagery by the International Institute of Tropical
Forestry (IITF) into land use areas which classifi¢Z36 acres as agricultural land. This
acreage represents 5.8% of the watershed, and awvayahsignificant impact on fecal
coliform bacteria levels downstream. Table 2-4 pies livestock populations from a
variety of facility types in the watershed. The teai@ load from these animals was
combined with background loads during the modetiragess for a refined estimate of
bacteria loading.

Table 2-4. Livestock operations in the Afiasco watshed

Assessment # of
Subbasin | Unit Animal Facilities # of Animals  [Land Use Type
1021 | PRWL83H HOG 1 89 | Agriculture
1041 | PRWRS83| HOG 1 43 | Agriculture

EPA'’s Bacteria Indicator Tool indicates that hogsduce 1.08E10 counts/animal/day of
fecal coliform bacteria. The agricultural arealof subwatersheds where the hog farms
are located is 1,828 acres. Accounting for the H@3s, the result is an accumulation rate
of fecal coliform of 7.80E+08 count/ac/day. Aftelding the background sources
(6.26E07 count/ac/day), the final accumulation fateagricultural areas was estimated
as 8.42E+08 count/ac/day. Because no informatiothe®anumber of horses and/or cows
was available for this watershed, the same loaditegcalculated for agricultural areas
was used for pastures.

2.3.2.2 Non-Permitted Urban Runoff

Urban areas are generally characterized by highreeptages of impervious land due to
cover of the land surface by pavement, concret paildings. Higher percentages of
impervious area, if not properly managed, resultigher surface runoff potential due to
the reduced ability of water to infiltrate into tgpund during rainfall events. As water
runs the land and paved surfaces, debris and aotiisuch as fecal coliform bacteria are
entrained and subsequently flow into storm drams ditches which lead to local coastal
water bodies. Harmful bacteria and viruses fromvyeedtes carried by urban runoff to a
waterbody, can contribute to shellfish contamingtivarm other aquatic life and threaten
human health. Studies have shown that fecal catifoacteria levels are typically high in

2 AERDAS Imagin€is a specific format of geospatial imagery. Timagery used was
provided by the International Institute of Tropi€arestry (IITF). IITEs work is
documented in the following reference:

Helmer, E.H., O. Ramos, T. del Mar Lopez, M. Quiés@and W. Diaz. 200Rlapping forest type and land

cover of Puerto Rico, a component of the Caribb@adiversity hotspotCaribbean Journal of Science
38:165-183.
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urban runoff (USEPA, 2001), and thus may be a Bait source of pollution to the Rio
Grande de Afiasco system.

EPA’s Bacteria Indicator Tool includes fecal cotifoaccumulation rates for single
family low density residential, single family higlensity residential, and multifamily
residential landuses. We estimated the modeledriedilm density residential landuse
accumulation rate as the average of both singldydow density and single family high
density residential. We also estimated the mediigh/density residential landuse
accumulation rate as the average of both singldydngh density and multifamily
residential, as shown on Table 2-5. Table 2-6 ptssbe estimated fecal coliform
bacteria loads from nonpermitted stormwater by 8ssent Unit and landuse type for
the Afasco watershed.

Table 2-5. Urban landuse accumulation rates of fetaoliform bacteria

FECALTOOL Average Loading
Loading Rate Rate
Landuse (count/ac/day) | Modeled Landuse (count/ac/day)
Single family low density 1.03E+07
= Low / Medium Density 1.35E+07
Single family high density 1.66E+07
= Medium / High Density 2.00E+07
Multifamily residential 2.33E+07

Table 2-6. Nonpermitted stormwater fecal coliform lacteria loads by assessment
unit and landuse type

Assessment Unit ID

Landuse

Type Units PRWLS3H | PRWR83A | PRWRS3B | PRWRS3C PRWRS3D | PRWRS3E | PRWRS3F
Urban High | (#/day FC | 370r.67 | g17E408 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Density Bacteria)
Urban Low (#/day FC
Density Bacioria) 3.44E+09 124E+10 | 3.11E+08 2.18E+09 1.58E+09 2.54E+09 2.64E+09
Assessment Unit ID
Landuse Unnamed Unnamed Unnamed
Type Units PRWRS3G | PRWRS3H | PRWRS3I AN-1 AN-2 AN-3
Urban High | (#/day FC 7.77E+06 9.47E+06 | 0.00E+00 | 0.00E+00 2.96E+06 1.45E+09
Density Bacteria)
Urban Low | (#/day FC 6.55E+09 9.52E409 | 4.97E+09 | 0.00E+00 0.00E+00 4.40E+08
Density Bacteria)

2.3.2.3 Wastewater Disposal

In addition to urban runoff contributions, othempoptunities for contribution of fecal
coliform bacteria from human waste to the Rio Geadd Afasco system include:

» lllegal discharges of untreated wastewater,
» Groundwater transport of leachate to a waterboaoiy flailed septic systems, and
» Leaking sewage mains.

10
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All of these processes are more common in aredshigher populations, for instance, in
residential or commercial zones. Within the Rior@eade Afiasco system, residential
septic systems treat human waste using a collestistem that discharges liquid waste
into the soil through a series of distribution Brtbat comprise the drain field. Fecal
coliform bacteria naturally die-off as the efflugr@rcolates through the soil to the
groundwater. These systems effectively remove fem#brm bacteria when properly
installed and maintained. A septic system failuweurs when there is a discharge of
waste to the soil surface where it is availabledashoff into surface waters. Failing
septic systems can deliver high bacteria loadsitiace waters, depending on the
proximity of the discharge to a waterbody and thertg of rainfall events. Septic system
failures typically occur in older systems that ac¢ adequately maintained with periodic
sewage pump-outs.

Septic system failure may be a more significante®of fecal coliform bacteria in the
watershed, based on census data for the regiordRBas2000 Census data, the estimated
population in the watershed is 91,269. Based opéneentage of households that are
sewered, on septics, or other from the Census t@90unicipality (see Appendix A, this
breakdown was not available for Census 2000),astsnated that approximately 49
percent (47,728) of the population in this watedsiseserviced by on-site septic systems,
and approximately 8 percent (7,851) are serviceldtoye systems. The remaining
population (35,693) is estimated to be sewered.

To calculate a fecal coliform bacteria load frontifig septic systems, a 100% failure
rate was used for latrines, and a 10% failure wate used for septic systems (a rate used
in the Salt River Bay BOD TMDL (2004)). The USEPAgte Wastewater Treatment
Systems Manual [EPA-625-R-00-008; 02/01/2002] ptesian estimate of average daily
wastewater flows in residential systems of betwg@and 70 GPCD for residential
dwellings built before 1994 and between 40 and BCB for residential dwellings built
after 1994 (U.S. Energy Policy Act standards watd effect in 1994). Considering the
nature of the housing stock of the unsewered anel@serto Rico, an estimate of 50
GPCD was selected to develop a population-basedast Horsley and Witten (1996)
estimated that septic system discharge containseeatration of 1e4 (10,000) colony
forming units (CFU) /100mL, while Metcalf and Ed¢y991) estimated typical
concentrations in untreated sewage at 1e6 CFU/1qarD0,000) Based on these
estimates, an average value of 1e5 CFU/100mL (D0)Was selected for use in the
TMDL. Table 2-7 presents estimated septic systeadifgg rates by modeled
subwatershed. A map with modeled subwatershedwisrsin Figure 4-1.

11
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Table 2-7. Fecal coliform bacteria loading rates fom failing septic systems by subwatershed

) . . F_’qulation on Flow Flow .
SWS_ID Assessment Tota! Population Populatpn on Popul_atlon Failing Systems = Overcharge Total Fecal Coliform FC Load
Unit Population Sewered Septics Latrines 1(;822 g; Iéaetglt?fss, (gallperson/day) (cfs) Conc. (#/100mL) (#/day)
1011 PRWRS3H 3301 953 1982 366 564 50 004361 1.00E+05 1.07E+11
1021 PRWL83H 1936 623 1107 206 317 50 0'031449 1.00E+05 5.99E+10
1031 PRWRS3I 1589 588 748 253 328 50 002536 1.00E+05 6.21E+10
1041 PRWRS3I 3182 986 1832 364 547 50 0'0‘1234 1.00E+05 1.04E+11
1051 PRWRS3H 3047 941 1842 264 448 50 003466 1.00E+05 8.48E+10
1061 PRWRS3G 5208 1389 2698 1122 1392 50 010765 1.00E+05 2 63E+11
1071 PRWR83F 1484 301 844 339 423 50 003275 1.00E+05 8.01E+10
1081 PRWRS3E 1941 394 1104 443 554 50 004283 1.00E+05 1.05E+11
1091 PRWRS3C 3967 1218 2122 627 839 50 000490 1.00E+05 1.59E+11
1101 PRWRS3B 10631 6317 3796 519 898 50 006948 1.00E+05 1.70E+11
1111 PRWRS3D 1699 616 986 97 195 50 001510 1.00E+05 3.69E+10
1121 PRWRS3A 174 43 102 29 40 50 000306 1.00E+05 7.51E+09
1122 PRWRS3A 7928 2108 4697 1034 1503 50 011630 1.00E+05 2 85E+11
1123 PRWRS3A 2680 938 1551 101 346 50 002676 1.00E+05 6.55E+10
1124 PRWRS3A 5877 2283 3272 322 649 50 005019 1.00E+05 1.23E+11
1125 PRWRS3A 1099 666 393 40 79 50 000013 1.00E+05 1.50E+10
1131 U””amled AN- 12455 4528 7219 708 1429 50 011058 1.00E+05 2.71E+11
1141 U””amzed AN- 12463 3500 8358 605 1441 50 0'1%)147 1.00E+05 2.73E+11
1151 U””a”;ed AN- 10608 7211 3075 322 629 50 004867 1.00E+05 119E+11
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Total:

0.97642
4

2.39E+12
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2.3.2.4 Background Conditions

Background fecal coliform bacteria loads are fraznsmuman, natural sources. Their
contributions can be directly to a waterbody othte watershed surface where they are
ultimately carried to a waterbody. Watershed cbuotions can be estimated from water
quality data collected at headwater stations whereontributing land consists almost
entirely of natural landscape with little or no haminfluence. However, no headwater
stations of this type exist for the Rio Grande d@g#co study area. Native bird and
mammal populations residing in and around the stsa@ay contribute fecal coliform
bacteria directly to the river system. Similarlipdks of native or migrating birds may
land for a short time, and contribute to the baatlead before departing.

The fecal coliform accumulation rate for backgrowodditions was calculated using an
estimate of 10 small animals per sq. mile. A odt8.02E9 count/animal/day was used.
This value is the average loading rate for smathais from EPA’s Bacteria Indicator
Tool. An estimated 50 percent of the accumulated lwas assumed to be available for
runoff to carry into the streams. Using these iaptite estimated accumulation rate of
fecal coliform bacteria for forested areas was E26ount/acre/day.

2.4 Current Conditions

The TMDLs for the Rio Grande de Afiasco basin werebbped based on conditions
that existed from 1995 to 2004. This time framedscurrent with the majority of the
available ambient water quality and flow data. Aligh data were collected over a
significant time frame and at regular intervalgtldo not demonstrate insight to suggest
improvement or deterioration over this time periddwever, seasonal trends are
observed. Section 3 summarizes the available data.

14
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3 DATA ANALYSIS

3.1 Monitoring Data

The Rio Grande de Afasco system suffers from edevigcal coliform bacteria
concentrations. Data from a representative stdtiothe Rio Grande de Aflasco
watershed was reviewed to obtain an initial esgnwditcritical conditions in the
watershed. Water quality stations that also medsmreare most useful for this initial
analysis, since flow provides also insight into @eblogical conditions and thus the
sources impacting the waterbody.

In the Afasco watershed, three USGS gages areaimadf and are listed in Table 3-1.
The locations of the stations, as well as watelityustations maintained by PREQB, are
shown in Figure 3-1, and have been verified by PREGIf.

Table 3-1. USGS gages in the Rio Grande de Afascasin

Elevation Drainage
Site No. Station Name (ft) Area (mi ?)
50143930 | RIO GRANDE DE ANASCO AT BO. GUACIO, PR 213 94.5
50144000 RiO GRANDE DE ANASCO NR SAN SEBASTIAN, PR 104 94.3
50145395 | RIO CASEI ABV HACIENDA CASEI, PR 246 7.4

USGS gage 501544000, near San Sebastian, prodgesdent flow and bacteria data
(n=185) collected between 1969 and 2005. Thismstairovides the highest quantity of
coincident flow and water quality data points ie thatershed, so this station was used to
further investigate flow (and thus seasonal) camas in the Aiasco watershed. Table 3-
2 presents the data in tabular format and categmtitze data by flow percentile. The
same data are shown graphically in Figure 3-2.ddta shown in Table 3-2 and Figure
3-2 suggest that the majority of bacteria loadioguns during higher flow conditions in
the watershed.

Although Tables 3-2 and Figure 3-2 clearly sugtfest higher flows exhibit higher fecal
coliform bacteria concentrations, all flow perckgiexhibit average bacteria
concentrations higher than the geomean criterigeramation of 200 colonies per 100
mL. Additionally, all flow percentile categories@pt the 0-19 percentile flows also
exceed the 20% not to exceed criteria of 400 cekper 100 mL. Therefore, non-point
source loading of bacteria is likely a significanurce of bacteria in this watershed. The
Source Assessment section discusses potentialgminte and non point source
contributions in the watershed.
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Figure 3-1. Flow and water quality stations in theRio Grande de Afiasco watershed.
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Table 3-2. Fecal coliform bacteria data grouped bylow percentile at the USGS

50144000 station
Flow Range # Obs Flow (cfs) Concentration (#/100mL)

Percentile Count Mean Min Max Mean Median Min Max
0-10 20 66 43 80 305 63 10 2,100
10-20 17 93 81 107 1,148 150 6 7,500
20-30 20 117 108 127 3,435 115 10 60,000
30-40 18 135 127 145 2,828 395 27 31,600
40-50 18 165 152 175 780 310 43 4,700
50-60 18 210 176 255 1,025 570 10 4,600
60-70 18 287 256 329 4,279 1,250 170 24,000
70-80 19 396 330 495 5,396 1,500 100 27,000
80-90 18 656 564 840 13,242 7,000 400 49,000

90-100 19 1,561 874 6,630 6,016 4,000 180 27,000

Note: Data from: 11/18/1969 to 8/18/2005 (185 Observations)

Fecal Coliform - (185 Observations)

m Mean Flow (USGS 50144000)

14000 5530 10000

12000 -
z
S 10000 840
S 495 2 - 1000
H* o
~ O
g 8000 255 329 5 =
[e] (=]
3 175 - 2
2 6000 - 107 127 145 - =
<C 80 [ -
z - L 100
2 4000 - .l.

2000 |
O T T T T T T T T T 10
010 1020 20-30 30-40 4050 50-60 60-70  70-80  80-90  90-100

Percentile Ranges for Instantaneous Flow Magnitude

Figure 3-2. Bacteria data grouped by flow percentd at the USGS 50144000 station.

3.2 Critical Conditions

The goal of the TMDL is to determine the assimvatcapacity of a waterbody based on
prescribed water quality standards and to idempigfential allocation scenarios that

enable the waterbody to achieve the standardsclthel condition is the set of
environmental conditions for which controls desijbe protect water quality will ensure
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attainment of objectives for all other conditiomsis is typically the period of time in
which the impaired water body exhibits the mostheuhbility.

Puerto Rico experiences relatively high humiditytia summer, and most rainfall occurs
between May and December. Showers, which can laflydeeavy, can be expected any
time of the year. Most showers have a short durafibe hurricane season runs from
June to November, but hurricanes occur most ofetwden August and October.

Flow data from the watershed were used to idemtifgther elevated bacteria levels
occur during rainfall events (and are likely waked-driven) or during dry conditions.
Available data for the watershed were evaluatetl véspect to seasonality to identify
possible trends and critical conditions. As showSeéction 3.1, the data suggests that
high-flow conditions, which occur during the hueme season (October displays the
highest flow-averaged concentrations of fecal oofif bacteria), are the critical periods
in the watershed.

The TMDL analytical framework (further describedsumbsequent sections) predicts
bacteria concentrations in-stream and in tidaljuenced portions of the system based
on all sources present. It should be noted thaT MBL analytical approach considers all
conditions for TMDL development, not only the a@l condition. It also considers dry
condition sources (e.g septic system failure) iditéah to rainfall-driven sources.

18
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4 ANALYTICAL APPROACH

Establishing the relationship between the in-streater quality targets and source
loadings is a critical component of TMDL developrménallows for evaluation of
management options that will achieve the desiredcgoload reductions necessary to
meet water quality standards. The link can be &steal through a range of techniques,
from qualitative assumptions based on sound séieptinciples to sophisticated
modeling techniques. Ideally, the linkage will hggorted by monitoring data that allow
the TMDL developer to associate certain waterb@dyponses with flow and loading
conditions. This section presents the approachntakeevelop the linkage between
sources and in-stream response for TMDL developinethie Rio Grande de Afiasco
watershed.

A watershed model is a useful tool for providinguantitative linkage between sources
and in-stream response. It is essentially a sefiatgorithms applied to watershed
characteristics and meteorological data to simulatarally occurring land-based
processes over an extended period, including hgdyohnd pollutant transport. Many
watershed models are also capable of simulatirggream processes using the land-based
and subsurface calculations as input. Once a niwdebeen adequately set up and
calibrated for a watershed it can be used to giyathié existing loading of pollutants

from subwatersheds or from land use categoriesabsuodcan be used to assess the
impacts of a variety of management scenarios.

In order to support TMDL development objectives amdluate the linkage between
bacteria sources and in-stream water quality, tiadytical framework combined a tidal
prism model of the tidal portions of the Rio Gran@eAriasco mainstem and a detailed
watershed loading model. The Loading SimulatiorgRam C++ (LSPC) model was
used to simulate source loading and attenuatidracteria in the watershed, and the
results of the model were applied to a separatal prism (or box model) style
representation of the tidal portions of the watedsh

The following technical factors were critical tdesgting an appropriate watershed model
to support development of the Afiasco watershed TSDL

* The model should be able to address a variety litpats including the
pollutants of concern (e.g., bacteria).

* The model should be able to simulate processes#rdctions in the surface
and subsurface environments.

* The model should be able to address a watershédwiked land uses.

» The model should provide adequate time-step estmaf flow and not over-
simplify storm events to provide accurate represt@m of rainfall events and
resulting peak runoff.

* The model should be able to represent large resdeaiures.
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* The model should be capable of simulating variclkifant transport
mechanisms (e.g., groundwater contributions, stmej.

The Loading Simulation Program C++ (LSPC) (USEPA24) was selected for
simulation of watershed hydrology and water qualiiye present version of LSPC
includes algorithms for simulation of pollutant aowlation and washoff of land
surfaces, and is a component of the USEPA’s TMDIld#&lmg Toolbox (Toolbox)
(USEPA 2003b), which has been developed througima g¢ffort between USEPA and
Tetra Tech. LSPC integrates comprehensive datagg@and management capabilities
and a dynamic watershed model (a re-coded versiodsBPA’s Hydrological
Simulation Program — FORTRAN [HSPF] [Bicknell et, dl996]) that dictates no
software requirements.

Because LSPC is based on a re-coded version of HSBtef overview of HSPF is
provided here. HSPF is a comprehensive watershetdegeiving water quality modeling
framework that was originally developed in the ri@70s. During the past several years
it has been used to develop hundreds of USEPA-apgdrdMDLs and it is generally
considered the most advanced hydrologic and wadrstading model available. The
hydrologic portion of HSPF is based on the Staniatershed Model (Crawford and
Linsley 1966), which was one of the pioneering wstted models developed in the
1960s. The HSPF framework is developed in a modatdrion with many different
components that can be assembled in different velysending on the objectives of the
individual project. The model includes three majardules:

* PERLND for simulating watershed processes on pasviand areas
* IMPLND for simulating processes on impervious lamdas
* RCHRES for simulating processes in streams andca#yt mixed lakes

All three of these modules include many subroutthes calculate the various hydrologic
and water quality processes in the watershed. Matigns are available for both
simplified and complex process formulations. Spigtithe watershed is divided into a
series of subwatersheds representing the draimage that contribute to each of the
stream reaches. These subwatersheds are therr sutigivided into segments
representing different land uses.

For the developed areas, the land use segmeniisrtiver divided into the pervious
(PERLND) and impervious (IMPLND) fractions. Theestim network (RCHRES) links
the surface runoff and groundwater flow contribngidrom each of the land segments
and subbasins and routes them through the wat&®ading storage routing techniques.
The stream model includes precipitation and evdmordrom the water surfaces as well
as flow contributions from the watershed, tribugariand upstream stream reaches. Flow
withdrawals can also be accommodated. The streanorieis constructed to represent
all of the major tributary streams, as well asetéht portions of stream reaches where
significant changes in water quality occur.
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4.1 Watershed Model Configuration

The LSPC model was configured for the areas cautirig to impaired streams in the Rio
Grande de Afiasco watershed and then used to sevaukaries of hydrologically
connected subwatersheds. Configuration of the magelved subdividing the
watersheds into modeling units, followed by conbinsi simulation of flow and water
quality for these units using meteorological, larse, soils, stream, and bacteria data.
Development and application of the watershed mtwlatidress the project objectives
involved the following major steps:

1. Watershed Delineation
2. Configuration of Key Watershed Model Components
3. Watershed Model Calibration and Validation

4.1.1 Watershed Delineation

Watershed delineation refers to the subdivisiothefentire watershed into smaller,
discrete subwatersheds for modeling and analy§SBQ calculates watershed processes
based on user defined, hydrologically connecteavatdrsheds. This subdivision was
primarily based on stream networks and topograydui@bility and secondarily on the
locations of flow and water quality monitoring $teus to facilitate model calibration. 19
subwatersheds were defined for the Rio Grande @sdiwatershed, as shown in Table
4-1 and Figure 4-1.

Table 4-1. Modeled subbasins defined for the Rio @nde de Ahasco watershed

Subbasin AU Code Assessment Unit Name Area (ac)
1011 | PRWR83H RIO BLANCO 11,124
1021 | PRWL83H LAGO GUAYO 6,181
1031 | PRWRS83I RIO PRIETO 6,083
1041 | PRWRS83I RIO PRIETO 10,701
1051 | PRWR83H RIO BLANCO 7,774
1061 | PRWR83G RIO GUABA 20,554
1071 | PRWR83F RIO MAYAGUECILLO 4,475
1081 | PRWR83E RIO ARENAS 3,808
1091 | PRWR83C RIO CASEY 7,322
1101 | PRWRS83B RIO CANAS 9,387
1111 | PRWR83D RIO HUMATA 3,122
1121 | PRWR83A RIO GRANDE DE ANASCO 501
1122 | PRWR83A RIO GRANDE DE ANASCO 14,630
1123 | PRWR83A RIO GRANDE DE ANASCO 6,400
1124 | PRWR83A RIO GRANDE DE ANASCO 3,154
1125 | PRWR83A RIO GRANDE DE ANASCO 499
1131 | Unnamed AN-1 7,010
1141 | Unnamed AN-2 7,117
1151 | Unnamed AN-3 4,479
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4.1.2 Configuration of Key Watershed Model Components

Configuration of the watershed model involved cdagition of the following five major
components:

* Waterbody representation

* Land use representation

* Meteorological data

» Hydrologic representation

» Pollutant representation

These components provided the basis for the LSPd&hsaability to estimate flow and
pollutant loadings. Detailed discussions aboutnelopment of each component for the
LSPC model are provided in the following subsecion

4.1.2.1Waterbody Representation

Waterbody representation refers to modules, ortlgos, in the LSPC model used to
simulate flow and pollutant transport through stnearivers, and lakes. Each delineated
subwatershed was represented with a single stretakefeature. Streams are assumed
to be completely mixed, one-dimensional segmentis avconstant trapezoidal cross-
section. USEPA'’s National Hydrography Dataset (NKWDgam reach network was used
to determine the representative stream lengthdonh subwatershed. The stream lengths
were used along with the 30-meter National Elevabataset to calculate reach slope.
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Figure 4-1 Modeled subwatersheds and stream network.

Puerto Rico
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Assuming representative trapezoidal geometry istedams, mean stream depth and
channel width were estimated using regression suha relate upstream drainage area
to stream dimensions (Rosgen 1996). Rating cureesisted of a representative depth-
outflow-volume-surface area relationship. Estimattahning’s roughness coefficients of
0.02 were applied to each representative streach tgased on typical literature values
for natural streams (Chapra 1997).

The Yahuecas Dam was not explicitly consideredhérhodel due to a lack of relevant
information regarding the discharge characteristiosl the relatively small size and
drainage area of the Yahuecas Lake. The Yahueaasi®a monolithic concrete gravity
dam of 90 feet of height on the Blanco River, butary of the Rio Grande de Afiasco.
The capacity of the dam is of 267 acre-feet. Tlaéndige area is about 17 square miles.
Source: http://www.aeepr.com/represas/DAM/yahuetas.htm

4.1.2.2Land Use Representation

The LSPC watershed model requires a basis foiilalisitng hydrologic and pollutant
loading parameters. Hydrologic variability witharwatershed is influenced by land
surface and subsurface characteristics. Variabiligollutant loading is highly correlated
to land use practices. Land use representatioriges\the basis for distributing soils and
pollutant loading characteristics throughout théenshed. Land cover data were
obtained from the International Institute of Tragdi€orestry (ITFF) and used as the basis
for estimating pollutant loading from nonpoint soes. These data provide land cover
data circa 2000, which fall within the model caditbon and validation periods (1995 —
2004) discussed later in this section. Land use arthin each subbasin is provided in
Appendix D: Subbasin Land Use Area.

LSPC algorithms require that land use categoriedivoded into separate pervious and
impervious land units for modeling. This divisiomsvmade for the appropriate land uses
(primarily urban) to represent impervious and pewsgiareas separately. The division was
based on typical impervious percentages assoaondthdlifferent land use types from the
Soil Conservation Service’'s TR-55 Manual (USDA 1P&6 summarized in Table 4-2.
Land use distribution in the Rio Grande de Afasatershed is shown in Figure 4-2.

4.1.2.3Hydrologic Representation

Hydrologic representation refers to the LSPC maglolealgorithms used to simulate
hydrologic processes (e.g., surface runoff, evapsiiration, and infiltration). The

LSPC PWATER (water budget simulation for pervioarsd segments) and IWATER
(water budget simulation for impervious land segtsemodules, which are identical to
those in HSPF, were used to represent hydrologglfgrervious and impervious land
units (Bicknell et al. 1996). Designation of keydnglogic parameters in the PWATER
and IWATER modules of LSPC were required. Thesarpaters are associated with
infiltration, groundwater flow, and overland flow.S. Department of Agriculture
(USDA), Natural Resources Conservation Service (SRETATSGO Soils Database
served as a starting point for designation oftirgftion and groundwater flow parameters.
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STATSGO data are shown in Figure 4-3. For parametieies not easily derived from

these sources, documentation on recent HSPF apphsavere reviewed. Starting values

were refined through the hydrologic calibrationqass (described in Section 4.1.3.1).

Table 4-2. Land cover data and for the Rio Grande & Afasco watershed and
aggregation into simulated land use categories

Area
ID Land Cover Description Modeled LU (ac) %
0 | Backgroundiwater Water 526 0.4%
1 | High-Medium Density Urban High Density Urban 1,371 1.0%
2 | Low-Medium Density Urban Low Density Urban 8,311 6.2%
3 | Herbaceous Agriculture - Cultivated Lands Agriculture 0 0.0%
4 | Active Sun Coffee and Mixed Woody Agriculture Agriculture 7,955 5.9%
5 | Pasture, Hay or Inactive Agriculture (e.g. abandoned sugar cane) Pasture 1,732 1.3%
6 | Pasture, Hay or other Grassy Areas (e.g. soccer fields) Pasture 23,189 17.3%
7 | Drought Deciduous Open Woodland Forest 0 0.0%
8 | Drought Deciduous Dense Woodland Forest 13 0.0%
Deciduous, Evergreen Coastal and Mixed Forest or Shrubland with
9 | Succulents Forest 0 0.0%
Semi-Deciduous and Drought Deciduous Forest on Alluvium and
10 | Non-Carbonate Substrates Forest 83 0.1%
Semi-Deciduous and Drought Deciduous Forest on Karst (includes
11 | semi-evergreen forest) Forest 0 0.0%
Drought Deciduous, Semi-deciduous and Seasonal Evergreen
12 | Forest on Serpentine Forest 0 0.0%
13 | seasonal Evergreen and Semi-Deciduous Forest on Karst Forest 20 0.0%
14 | seasonal Evergreen and Evergreen Forest Forest 81,946 61.0%
15 | Seasonal Evergreen Forest with Coconut Palm Forest 2 0.0%
16 | Evergreen and Seasonal Evergreen Forest on Karst Forest 1 0.0005%
17 | Evergreen Forest on Serpentine Forest 1,865 1.4%
18 | Elfin, Sierra Palm, Transitional and Tall Cloud Forest Forest 5,815 4.3%
19 | Emergent Wetlands Including Seasonally Flooded Pasture Wetland 0 0.0%
20 | salt or Mud Flats Wetland 0 0.0%
21 | Mangrove Wetland 2 0.002%
22 | seasonally Flooded Savannahs and Woodlands Wetland 0 0.0%
23 | Pterocarpus Swamp Wetland 0 0.0%
24 | Tidally Flooded Evergreen Dwarf-Shrubland and Forb Vegetation Wetland 0 0.0%
25 | Quarries Barren 25 0.0%
26 | Coastal Sand and Rock Barren 139 0.1%
27 | Bare Soil (including bulldozed land) Barren 288 0.2%
28 | water - Permanent Water 1,053 0.8%
TOTAL 134,336 100%
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Figure 4-2. Land cover distribution in the Rio Grarde de Afiasco watershed.
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Figure 4-3. STATSGO soil data used in the LSPC watghed model.
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4.1.2.4Meteorological Representation

Meteorological data are a critical component ofwlaershed model, and appropriate
representation of precipitation and evapotrangpinadre required to develop a valid
modeling system. These data provide necessary iol8PC algorithms for hydrologic
and water quality representation. Meteorologicéhdeve been accessed for a number of
weather stations in an effort to develop the megtesentative dataset for the Rio Grande
de Anasco watershed. Weather station attributekstéed in Table 4-3, and the locations
of these sources are shown in Figure 4-4. Houegipitation and minimum and

maximum daily temperature records were obtainewh flEarth Info’s weather CD set.

The original source of the data is the Nationahfalic Data Center (NCDC).

Table 4-3. Attributes of weather stations represermd in the watershed model.

Parameter Stalttl’on STATION Lat (dd) Long (dd) Jan Feb Mar Apr ay Pun Jul Aug Sep Oct Nov Dec
Avg Monthly HACIENDA
Prec. in PR4330 CONSTANZA 18.2167 -67.0833 29 | 30 | 40 | 57 | 86 | 71 9.3 9.3 10.5 8.1 44 2.9
MARICAO
’;‘r’gc""i‘:]”‘h'y PR5911 FISH 181725 | -66.9872 | 30 | 30 | 45 | 88 | 118 | 76 8.1 111 | 153 | 146 8.4 35
N HATCHERY
Avg Monthly MAYAGUEZ .
Proc.in PR6083 AIRPORT 18.2539 67.1486 18 | 19 | 26 | 46 | 89 | 64 | 103 9.7 11.8 9.3 5.4 1.6
Avg Monthly | pra126 RINCON 183375 | -67.2497 | 14 | 20 | 18 | 35 | 64 | 51 | 52 6.4 6.1 6.2 38 23
Avg Monthly ADJUNTAS
Prec. in PRO0BL | o BSTATION 18.1747 -66.7978 23 | 25 | 39 | 65 | 85 | 42 5.9 8.0 10.3 10.4 5.9 2.9
Avg Monthly | 5psgag MARICAO 2 18.1511 -66.9889 33 | 30 | 46 | 79 | 105 | 6.0 7.8 10.9 14.3 135 8.0 3.6
Prec., in SSwW
Avg Monthl SAN
gMonthly 1 ppegsl | SEBASTIAN2 | 18.3469 -67.0119 20 | 25 | 42 | 77 | 1129 | 95 7.3 11.2 11.0 11.6 6.6 2.8
Prec., in WNW
Avg Min ADJUNTAS
Temp., oF PRO06L | oBsTATION 18.1747 -66.7978 | 549 | 544 | 55.1 | 57.8 | 60.8 | 622 | 62.1 62.0 61.7 60.9 59.7 57.1
Avg Max ADJUNTAS
Temp. oF PRO0BL | o BSTATION 18.1747 -66.7978 | 79.3 | 79.6 | 80.5 | 81.3 | 82.4 | 843 | 846 84.8 84.4 83.8 82.0 79.8
Avg Min MARICAO 2
Temp, oF PR5908 SSW 18.1511 -66.9889 | 61.0 | 60.4 | 60.5 | 61.7 | 64.0 | 656 | 658 66.2 65.8 65.6 64.2 62.2
Avg Max PR5908 MARICAO 2 181511 | -66.9889 | 765 | 77.1 | 782 | 789 | 79.7 | 818 | 814 | 817 | 811 | 801 | 785 | 765
Temp, oF SSwW
Avg Min SAN
9 PR8881 | SEBASTIAN2 | 18.3469 -67.0119 | 605 | 60.6 | 61.9 | 63.6 | 66.3 | 67.4 | 673 67.6 66.9 66.6 65.1 62.5
Temp, oF WNW
Avg Max SAN
9 PRS881 | SEBASTIAN2 | 18.3469 -67.0119 | 876 | 87.8 | 88.8 | 89.8 | 90.7 | 91.7 | 921 92.6 92.2 91.7 89.7 87.8
Temp, oF WNW

LSPC requires appropriate precipitation and poé¢etrapotranspiration data. In general,
hourly precipitation data are recommended for higdjic modeling to assist in
assessment of pollutant loading (although in soases, such as small, flashy, highly
urbanized watersheds 15-minute data may be neggsEherefore, only weather stations
with hourly-recorded data have been consideredfdrus the precipitation data
selection process. Rainfall-runoff processes fehesaubwatershed were driven by
precipitation data from the most representative@staMeteorological data from eleven
stations in and around the Afiasco watershed weessad for the watershed model.

During the processing phase of the assessmentjigdpta were identified in addition to
unreasonable values that may misrepresent obseovetitions. Missing and
unreasonable values were encountered frequentiheiprecipitation and temperature
datasets. Missing values were patched using a@mograt fills missing values with data
from surrounding stations, and unreasonable valwes deleted to allow for patching.
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The patched meteorological data were subsequentiyatted for use in the modeling
effort.

Potential evapotranspiration was calculated usiegtamon method. This method
generates daily potential evapotranspiration (isrlsing air temperature, a monthly
variable coefficient, the number of hours of sunshicomputed from latitude), and
absolute humidity (computed from air temperatufée computations are based on the
Hamon (1961) formula.

PET =CTS *DYL * DYL * VDSAT

where
PET = daily potential evapotranspiration (inches)
CTS = monthly variable coefficient
DYL = possible hours of sunshine, in units of 12itsp computed as a function of
latitude and time of year
VDSAT = saturated water vapor density (absoluteidity) at the daily mean air
temperature (g/cm3)

VDSAT = (216.7 * VPSAT)/(TAVC + 273.3)
where
VPSAT = saturated vapor pressure at the air testpe
TAVC = mean daily air temperature, computed fromdlaily max-min data (C)
VPSAT = 6.108 * EXP((17.26939 * TAVC)/(TAVC + 237)3
Hamon (1961) suggests a constant value of 0.0056T&.

A sine function is used to disaggregate the daly Bver the daylight hours. Daylight
hours are computed as a function of date and detitand the shape of the Earth).

The final set of LSPC weather files created inclbdarly precipitation and calculated
potential evapotranspiration for the time pericatatg on 1/1/1980 through 12/31/2004.
The model is run using an hourly time-step.
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Figure 4-4. Weather stations used in the Afiasco washed modeling process.

Puerto Rico

30



Fecal Coliform TMDL, Rio Grande De Afiasco; Final Draft Report April 2010

4.1.2.5Pollutant Representation

Based on analysis of the water quality data irRfeGrande de Afiasco watershed and
potential sources listed with the impairment, poigshonpoint sources of bacteria
include onsite wastewater systems, confined anieealing operations, and agriculture.
Point sources also contribute to loading of baaterithe Aflasco watershed.

The primary pollutant represented in the watershedel to estimate loading in the
Anasco watershed is fecal coliform bacteria. Loggirocesses for pollutants were
represented for each land unit using the LSPC PQ$khulation of quality constituents
for pervious land segments) and IQUAL (simulatidmoality constituents for
impervious land segments) modules, which are idehto those in HSPF. These
modules simulate the accumulation of bacteria erldhd surface and removal during
overland flow, which is simulated as being remosed rate related to the volume of
water flowing over the land surface.

4.1.2.5.1 Point Source Representation

Point source contributions of flow and bacteriaevecorporated into the model to
represent the sources described in Section 2.8 &hal pollutant concentrations
obtained from discharge monitoring data (DMR) wesed where available. Section 5
lists the permitted facilities represented in theded, and the corresponding loads.

DMR data were investigated to estimate the flows @associated loads for these
facilities. DMR data for flow and/or bacteria cont&tions were not available for all
facilities. In these cases, flow and/or concentragiwere estimated for these facilities
instead of not assigning a load.

4.1.2.5.2 Nonpoint Source Representation

The watershed model distributes hydrologic andupatit loading parameters based on
land use type to appropriately represent hydrolegrability throughout the basin. This
variability may be influenced by landuse-specificface and subsurface characteristics.
It is also necessary to represent variability iliytant loading, which is highly correlated
to land practices. As discussed in Section 4.1l1ard use data from IITF were used to
configure the Afasco LSPC model. LSPC model algord that simulate hydrologic and
pollutant loading processes for pervious and imipersylands were then applied to the
corresponding land units.

Surface and subsurface hydrologic behavior drivdsifant transport in the watershed.
Based on the distribution of rainfall between tbhdace and subsurface components, a
guantity of bacteria is washed off into a streaathe Here, it is subject to decay as it
travels through the simulated stream network.

Bacteria was modeled as a pollutant that buildangpwashes off. LSPC can simulate
pollutants as either sediment-associated or ushgldup-washoff relationship. To

31



Fecal Coliform TMDL, Rio Grande De Afiasco; Final Draft Report April 2010

simulate bacteria, hydrology must first be simudadaed calibrated. Once this is
complete, accumulation rates for the land surfaedhen assigned that identifies the
guantity available for washoff. As rainfall remouwég bacteria from the land surface, it
is discharged to receiving waters proportionah®averland flow.

Fecal coliform loading rates were obtained usirigrimation from EPA’s Bacterial
Indicator Tool, which is a spreadsheet that estsiftie bacteria contribution from
multiple sources.

Thomann and Mueller (1987) present a range of tfieates for different organisms and
conditions. The average die-off rate for coliforacteria in freshwater is 0.8 1/day. A
slightly lower and more conservative value of 0/day was used in the model.

4.1.3 Watershed Model Calibration and Validation

After initially configuring the watershed model, del calibration and validation for
hydrology and water quality were performed. Calilorarefers to the adjustment or fine-
tuning of modeling parameters to reproduce obsenvatValidation is performed for
different monitoring stations without further adjuments to ensure the model represents
other locations as well as it does at the origoadibration locations and periods. For
hydrology as well as water quality, the years 19999 were used to calibrate the model
and the 2000-2004 period was used for validatieteion criteria for these time
periods are discussed below.

4.1.3.1Hydrology Calibration and Validation

Hydrologic calibration was performed after theiadimodel setup. For LSPC, calibration
is an iterative procedure of parameter evaluatr@mhrafinement as a result of comparing
simulated and observed values of interest. Itgsired for parameters that cannot be
deterministically and uniquely evaluated from togaganic, climatic, physical, and
chemical characteristics of the watershed and comgi®of interest. Calibration is based
on several years of simulation to evaluate parameteder a variety of climatic
conditions. The calibration procedure results irapgeter values that produce the best
overall agreement between simulated and obsergad fihroughout the calibration
period. One USGS flow gaging station provided sigfit data for calibrating and
validating the LSPC model. The “RIO GRANDE DE ANBS NR SAN SEBASTIAN,
PR” station, or USGS50144000 and its drainage andeelevation are listed in Table 3-
1.

Calibration and validation years were selected dhasean examination of annual
precipitation variability and the availability observation data. The periods were
determined to represent hydrologic conditions commaahe region with respect to
seasonal flow regimes. Calibration for these coowlét is necessary to ensure that the
model accurately predicts the seasonal range afitons over the entire simulation
period.
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During calibration, parameters influencing the damion of runoff, infiltration, and
evapotranspiration were adjusted based on landndesoil type. Modeling parameters
were varied to mirror observed temporal trendssmldand land cover characteristics.
An attempt was made to keep the modeling parameiérs the guidelines included in
the BASINS Technical Note 6 (USEPA 2000). Key cdesations in the hydrology
calibration included the overall water balance hhilgw and low-flow distribution, storm
flow volumes and timing, and seasonal variationle&st three criteria for goodness of fit
were used for calibration: volumetric comparisompdpical comparison, and the relative
error method. Calibration and validation plots, arater budget analyses for these
periods are shown in Figures 4-5 and 4-6, and Fab# and 4-5, respectively.

Water budget graphical comparisons for the calitanand validation periods are shown
in Figures 4-5 and 4-6. In addition, summary stiat comparisons for calibration and
validation periods are shown on Table 4-4 and Tdk3e Given the critical conditions of
the TMDL, the most relevant criteria for evaluatihg goodness of fit for this calibration
were the percent error in total volume, 50% lovilests, and 10% highest flows. For the
calibration period, the resulting errors were 2.8%8% and -4.75%. These are all very
low errors, and well within the recommended craeRor the validation period, the
resulting errors were 21.6%, 0.2%, and 23.7%. Tr@®in total volume and in the 10%
highest flows are mostly attributable to one sirglent — the extremely high flow
measured on Sept 2004 (Tropical Storm Jeanne)likaly that the precipitation gages
did not capture the magnitude of the event, and, tthe modeled flow was significantly
lower than the measured flow. This error is notstdered to affect the results of the
model in a significantly because it is relatedhe precipitation gage measurement, and
not the model’'s calibrated parameters.
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Figure 4-5. LSPC hydrology calibration for 1995-199 at USGS 50144000: Rio
Grande de Afasco near San Sebastian, Puerto Rico.
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Figure 4-6. LSPC hydrology validation for 2000-2004t USGS 50144000: Rio
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Table 4-4. Water budget statistical comparison f0.995-1999 at USGS 50144000:
Rio Grande de Afasco near San Sebastian, Puerto Ric

LSPC Simulated Flow

REACH OUTFLOW FROM SUBBASIN 1122

5-Year Analysis Period: 1/1/95 -12/31/99

Flow volumes are (inchesl/year) for upstream drainage area

Observed Flow Gage

USGS 50144000 RiO GRANDE DE ANASCO NR SAN

SEBASTIAN, PR

Hydrologic Unit Code: 21010003
Latitude: 18.2827297

Longitude: -67.0510123
Drainage Area (sg-mi):

94.3

Total Observed In-

Total Simulated In-stream Flow: 64.61 stream Flow: 62.84
Total of simulated highest 10% flows: 28.47 Total of Observed highest 10% flows: 29.89
Total of Simulated lowest 50% flows: 9.07 Total of Observed Lowest 50% flows: 8.78
Simulated Summer Flow Volume (months 7-9): 22.65 Observed Summer Flow Volume (7-9): 24.27
Simulated Fall Flow Volume (months 10-12): 19.30 Observed Fall Flow Volume (10-12): 20.50
Simulated Winter Flow Volume (months 1-3): 8.61 Observed Winter Flow Volume (1-3): 5.89
Simulated Spring Flow Volume (months 4-6): 14.05 Observed Spring Flow Volume (4-6): 12.20
Total Simulated Storm Volume: 28.94 Total Observed Storm Volume: 26.74
Simulated Summer Storm Volume (7-9): 11.64 Observed Summer Storm Volume (7-9): 14.24
Errors (Simulated-Observed) Error Statistics Recommended Criteria 1995-1998 1999-2002
Error in total volume: 2.82 10
Error in 50% lowest flows: 3.30 10
Error in 10% highest flows: -4.75 15
Seasonal volume error - Summer: -6.65 30
Seasonal volume error - Fall: -5.85 30
Seasonal volume error - Winter: 46.35 30
Seasonal volume error - Spring: 15.21 30
Error in storm volumes: 8.22 20
Error in summer storm volumes: -18.24 50
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Table 4-5. Water budget statistical comparison fo2000-2004 at USGS 50144000:
Rio Grande de Afasco near San Sebastian, Puerto Ric

LSPC Simulated Flow Observed Flow Gage
REACH OUTFLOW FROM SUBBASIN 1122 USGS 50144000 RIO GRANDE DE ANASCO NR SAN
SEBASTIAN, PR
5-Year Analysis Period: 1/1/2000 -
12/31/2004 Hydrologic Unit Code: 21010003
Flow volumes are (inches/year) for upstream drainage area Latitude: 18.2827297
Longitude: -67.0510123
Drainage Area (sg-mi): 94.3
Total Observed In-stream
Total Simulated In-stream Flow: 69.80 Flow: 57.38
Total of simulated highest 10% flows: 28.58 Total of Observed highest 10% flows: 23.10
Total of Simulated lowest 50% flows: 10.39 Total of Observed Lowest 50% flows: 10.37
Simulated Summer Flow Volume (months 7-9): 20.62 Observed Summer Flow Volume (7-9): 15.48
Simulated Fall Flow Volume (months 10-12): 20.54 Observed Fall Flow Volume (10-12): 21.62
Simulated Winter Flow Volume (months 1-3): 6.34 Observed Winter Flow Volume (1-3): 4.84
Simulated Spring Flow Volume (months 4-6): 22.30 Observed Spring Flow Volume (4-6): 15.44
Total Simulated Storm Volume: 31.08 Total Observed Storm Volume: 20.62
Simulated Summer Storm Volume (7-9): 9.12 Observed Summer Storm Volume (7-9): 6.02
Errors (Simulated-Observed) Error Statistics Recommended Criteria
Error in total volume: 21.64 10
Error in 50% lowest flows: 0.19 10
Error in 10% highest flows: 23.72 15
Seasonal volume error - Summer: 33.14 30
Seasonal volume error - Fall: -4.97 30
Seasonal volume error - Winter: 31.08 30
Seasonal volume error - Spring: 44.39 30
Error in storm volumes: 50.75 20
Error in summer storm volumes: 51.69 50

4.1.4 Water Quality Calibration

After hydrology was sufficiently calibrated, watguality calibration was performed. The
water quality calibration consisted of running titershed model, comparing water
quality output to available water quality obsergatdata, and adjusting pollutant loading
and in-stream water quality parameters within aoaable range. Recent data were used
for the calibration process to capture current @mres. Specifically, the years 1995-
1999 were used for calibration and 2000-2004 weeslio validate the model to

maintain consistency with the hydrology calibration

The water quality stations shown in Figure 3-1 wesed for LSPC water quality
calibration and validation. These stations wereaet based on the quantity, age, and
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temporal resolution of data. Initial water qualilibration was conducted by varying the
constituent concentrations in overland flow, irttasf, and groundwater. Predicted
pollutant concentrations were graphically compdeedbserved values. Once the model
was calibrated for flow and water quality, it wasigated through comparison of model
results representing another time period with iahty different hydrologic conditions.

The model validation was performed to test thebcated parameters at different
locations or for different periods, without furthetjustment of model parameters. If the
model exhibited a poor validation, then the calibraprocess was revisited. Upon
completion of the calibration and validation aies¢td locations, a calibrated dataset
containing parameter values for each modeled laedand soil type was obtained. The
validation between ambient data and LSPC resulssru@dimentary in nature, based on
the infrequency of data collection. All fecal colifn monitoring data used were collected
guarterly. Therefore, the modeling data was vetitising simple comparisons to the
fecal coliform monitoring data by visual comparisaf computed versus measured data.
The model captures the spatial and temporal dyrsaamd fecal coliform concentrations,
including the cause and effect relationships betvgmirces (loads) and water column
concentrations. The model also over-predicted feakflorm concentrations during
certain low flows when compared to the ambient nwwimig values. The calibrated LSPC
surface accumulation rate and limit for each madldaduse is presented in Table 4-6.
Water quality calibration results at the USGS eta$0144000 (to coincide with the flow
calibration shown in the previous section) are shawFigure 4-7. Validation results are
shown in Figure 4-8.

Table 4-6. Calibrated LSPC accumulation rate and hit of fecal coliform bacteria
by modeled landuse

Accumulation
Surface Accumulation Limit

Modeled Landuse (#/day/ac) (#/day/ac)
Water 0.00E+00 0.00E+00
Forest 6.26E+07 1.13E+08
Agriculture 8.42E+08 1.52E+09
Pasture 8.42E+08 1.52E+09
Wetland 6.26E+07 1.13E+08
Barren 2.00E+05 3.59E+05
Urban_HighD_Pervious 2.00E+07 3.59E+07
Urban_LowD_Pervious 1.35E+07 2.42E+07
Urban_HighD_Impervious 2.00E+07 3.59E+07
Urban_LowD_Impervious 1.35E+07 2.42E+07
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Figure 4-7. Water quality calibration and USGS staibn USGS 50144000: Rio
Grande de Afasco near San Sebastian, Puerto Rico.
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Figure 4-8. Water quality validation and USGS statbn USGS 50144000: Rio
Grande de Aiasco near San Sebastian, Puerto Rico.

Overall, the water quality calibration at this ldoa shows that the LSPC model
represents the Rio Grande de Afiasco system wellobberved seasonal trends for
bacteria are represented by the model, and sirooldfita between monitoring points
captures expected variability due to rainfall eseamtd dry periods where point sources
may have increased influence. There is a very leagge of observed fecal coliform
bacteria concentrations. The model captures masi®tariability, although a few of the
data observed are higher and some are also lowbough there are always inherent
limitations on modeling of fecal coliform bactertag water quality calibration in
considered successful.
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4.2 Tidal Prism Model

The daily fecal coliform bacteria loads represemaii source contributions were
introduced to a tidal prism model to predict femaliform bacteria levels over time
within the tidal portion of the Rio Grande de Afiasgstem. The concept of the tidal
prism model is shown in Figure 4-9. In the Rio Glede Afiasco system, the ek®)(
and flood Q) of the tide move water between locations exchangimymixing with
other water. Apart from this, the amount of frestewvaischarge into the embayme@)(
is also one of the dominant influences on the partof fecal coliform bacteria.

The tidal prism method of estimating in-stream fecdiform bacteria concentrations
uses the volume of the waterbody and adjustsdat fiushing, freshwater inflow and
bacteria loadl(), and bacteria decalf)(in order to establish the existing conditions in
the estuary. The conceptual and mathematical coergs of the tidal prism model are
further described in Appendix B.

- Qo
\ High Tide <

Qo

Figure 4-9. Tidakism model concept.

The tidal portion of the Rio Grande de Afasco vwasrmated based on data obtained
from the USGS. These data estimated the inlandhegfeahe salt wedge, or water of
higher salinity than the watershed runoff. The US1e8eloped preliminary estimates of
saltwater intrusion in coastal rivers, based omlltide variation data(San Juan, PR
station [NOAA/NOS # 9755371]). However, it is ackviedged that these shapefiles are
static and do not reflect seasonal patterns. Figir@ illustrates the inland extent of
high-salinity water based on USGS data. Thesewlata used to estimate the volume of
the tidal prism domain, in conjunction with the iBes method of stream geometry
estimation, as discussed in Section 4.1.2.1.
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NU SGS Salt Wedge Data
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Modeled Subwatersheds

[ 10-Digit HUG Boundary

Figure 4-10. USGS data used to estimate the extesftsaltwater intrusion and tidal
influence in the Rio Grande de Afasco system.
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4.3 Assumptions and Limitations

Some of the major underlying assumptions for thelysis include the following:

» The watersheds delineated were based on topogrdptacand available stream
and channel coverages. Data regarding flow divessito or from other
watersheds were not available and therefore nddidered in the analysis.

* Regeneration of fecal coliform bacteria is notgngicant source.

» After the model was calibrated and validated usepyesentative flows and
concentrations for permitted facilities, the petedtfacilities’ flows and
concentrations were changed to reflect their pelimits. This was the model
run that was compared against the TMDL targetds iBha worst-case scenario of
permitted facilities loading.

» All of the estimated flows and loads from failingpsgic systems are assumed to be
discharged to the streams. This is a conservasgamption in that it is expected
that a portion of these loads will not be ableamgccess to the stream reaches.

« The average rate of decay for fecal coliform baat€®d.7 */day) does not vary
seasonally or based on meteorological conditioss Ts also a conservative
assumption, since the die-off rate will probablyHgher in the warm waters of
this watershed.

» Bacteria concentrations estimated by the tidainpmsodel assume the volume is
fully-mixed, and that bacteria concentrations awizontally and vertically-
averaged.

A number of limitations were inherent in the analgt process because of the approach
selected. These limitations are identified beloWthdugh these limitations are present,
the approach followed successfully resulted in TMBéntification. If additional data are
collected for the Rio Grande de Afiasco watersheahynmof these limitations can be
addressed.

» The comparison between ambient data and Tidal Resnits was rudimentary in
nature, based on the infrequency of data collecaod resulting simplistic
methodology.

* Population estimates for the watershed were cdbildased on census block
data circa 2000 for Puerto Rico.
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5 TMDL CALCULATION AND ALLOCATIONS

A TMDL for a given pollutant and waterbody is conged of the sum of individual
wasteload allocations (WLAS) for point sources &atl allocations (LAs) for both
nonpoint sources and natural background leveladtiition, the TMDL must include a
margin of safety (MOS), either implicitly or explig, to account for the uncertainty in
the relationship between pollutant loads and thadityuof the receiving waterbody.
Conceptually, this definition is represented by ¢lyeation:

TMDL = > WLAs + > LAs + MOS

The TMDL is the total amount of pollutant that daassimilated by the receiving
waterbody while still achieving the TMDL target. TMDL development, allowable
loadings from pollutant sources that cumulativetyoant to no more than the TMDL
must be established; this provides the basis abksh water quality-based controls.
TMDLs can be expressed on a mass loading basis fageria counts per day) or as a
concentration in accordance with 40 CFR 130.2(]).

5.1 Numeric Target for Fecal Coliform Bacteria

The TMDL target for the Rio Grande de Aflasco systeandual target; a geomean of
200 fecal coliforms per 100mL or less, and 400Ifeoaforms per 100 mL or less, not to
be exceeded more than 20% of the time. This tavgstselected based on the water
quality criteria discussed in Section 2.2. Watetlstwed tidal segment concentrations
were not allowed to exceed these limits for the TMidndition.

Compliance with the TMDL target was evaluated basethe results of the LSPC and
tidal prism models. The daily time-series of inestm fecal coliform bacteria
concentrations were reduced until 80% of valuesveetow 400 c/100ml. Then, a
moving 5-day geomean of concentrations on conserdays was calculated. These
values were reduced until none of the calculatedrgans were above 200 ¢/100ml.

The weather data from the time period of 1997-1%88 used in the model to derive the
allocations. This time period exhibited both extesmwvith respect to precipitation, and
Figure 5-1 shows annual precipitation at Dos BoP&(NCDC COOP Station number
663431) for the years 1980 to 2004. The years tweldor calibration and those used for
the TMDL allocations are also identified. Calibaatiyears and TMDL allocation years
were selected to address data availability asagelb encompass critical precipitation
conditions, and thus flow conditions in the watexhThe year 1998 experienced
hurricane Georges and provides the wettest yeaoiasideration among the
calibration/validation period, and the second vatty@ar among the entire dataset
available. In addition, model results for 1998 skdwhat fecal coliform bacteria loads
were highest during this year. The year 1997 wagltiest year among the
calibration/validation period, and the second dryesr among the entire dataset
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available. The year 1999 was a relatively average with respect to precipitation. As
discussed in Section 3.2, the critical conditiothi@ Afiasco watershed occurs during
both high and low-flow periods. Therefore, an adltt@n scenario time period that
encompassed both conditions within the calibratethelidated modeling timescale was
needed for this TMDL. The reason for selectinglatieely short allocation period was to
make the allocations more efficient. The alloaatwocess is iterative and performed in
a top-down manner. Assessment units upstreamevataated first. The sources were
reduced until the in-stream concentrations meTM®L targets, then the next
downstream AU was evaluated, and so on. The masgsht target was the 5-day
geomean of 200 ¢/100ml. The final step of the allions was to evaluate the TMDL
targets for all AUs for the entire modeling periédl. AUs met the required TMDL
targets. The critical condition occurs when a lastgem follows a very long dry period.
During the dry period, the fecal coliform concetitias are elevated because the load
from failing septics and point sources are lessted, and once the storm arrives and
generates runoff, the first flush of the bactehat taccumulated on the ground from non-
point sources and MS4s is added to the stream.

120
DAnnual Precipitation Allocation Calibration/
] O Average Annual Precipitation, 1980-2004 Period || Validation Period
100
80 — — — ) ] ]
s ERN A |
E &0 | B
s |
2
<
40 A
20 A
0 *
1980 1982 1984 1986 1388 1990 1992 1994 1996 1998 2000 2002 2004
Year

Figure 5-1. Precipitation patterns, 1980-2004 ande¢ected allocation period for the
TMDL.

For the watershed as a whole, a 92% reductiondteba loading met these targets in the
Rio Grande de Afasco system. Therefore, this iseithection required to meet the
TMDL. The allocations for the bacteria sourcesdiseussed below.

5.2 Margin of Safety

There are two methods for incorporating the MOSEBS, 1991):
» Implicitly incorporate the MOS using conservativedel assumptions to develop
allocations.
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» Explicitly specify a portion of the total TMDL aké¢ MOS and use the remainder
for allocations.

For the Rio Grande de Afiasco system, an implicitSW@s incorporated in several
ways. Throughout the TMDL development process, enMative assumptions were made
to address the implicit component of the MOS ($&ef assumptions in Section 4.2). In
addition, an explicit 10% MOS was included in tkedl coliform bacteria loads from LA
components of the TMDL. The TMDL targets describe8&ection 5.1 were selected
based on the water quality standards discussedbpisy.

5.3 Fecal Coliform Bacteria TMDLs

The fecal coliform bacteria TMDLs for the Ahascoterahed were developed using the
LSPC model and targets were based on existing watdity criteria, as discussed in
Section 2.2. The existing and TMDL bacteria loanstfie Rio Grande de Afasco
watershed were generated from the calibrated LSBdemThe target TMDL values for
bacteria were calculated by iteratively adjustioading rate input until simulated in-
stream concentrations achieved water quality stasd& maximum geomean (at least 5
samples) in-stream concentration of 200 colonies pémL of fecal coliform bacteria,
with no more than 20% of the samples exceedingcdlthies per 100 mL were used as
TMDL endpoints, which directly represent the cigattiscussed in Section 2.2. Figure 5-
2 illustrates compliance with the water qualitygiets under TMDL conditions.

Fecal Coliform Bacteria Conc., ¢/100ml Fecal Coliform Bacteria 5-Day Geomean., ¢/100ml
Target: 200 c/100ml Target: 400 c/100ml

1.00E+03

1.00E+02 -

1.00E+01 {14

|| 1\( M I“LN | | M M’M' | “‘ i 'WW
\l LN \ | Ml

‘ |
Jan-97 Jul-97 Feb-98 Aug-98 Mar-99 Sep-99

11 L" m

=
T —
— ——

Fecal Coliform Concentration, ¢/100m

_
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Figure 5-2. Example of daily and 5-day geomean timgeries under TMDL
conditions for Rio Grande de Afiasco’s outlet (Reachl125).
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Figure 5-3 identifies the assessment units in thekghed and provides a linkage
between modeled subwatersheds and the larger assgsasits. Tables 5-1 and 5-2
present baseline and TMDL summaries, respectif@yeach of the assessment units.

Eight assessment units for which TMDLs were devetbywithin the Rio Grande de
Afiasco 10-digit HUC were not included in Puertod®c2006 303(d) list of impaired
waterbodies. Assessment units PRWL83H, PRWR83B, RB3E, PRWR83F, and
PRWRS83G are not listed as impaired in the 2006 @0&t of impaired waters (Figure
5-3). In addition, three unnamed assessment uraraéd “Unnamed AN-1,” Unnamed
AN-2,” and “Unnamed AN-3” for this TMDL analysis)ete also not included on the list
of impaired waters. However, because these assessmits are located in the Rio
Grande de Aiasco HUC (2101000302), they were stediia the LSPC model. Based
on modeling results, water quality in these sixeasment units does not meet water
quality standards, and thus TMDLs were calculatedHese units as well.

The baseline loads presented for septics in Talllafe the sum of the estimated septics
load from Table 2-4 for all of the subwatersheds ttompose the particular assessment
unit. The baseline loads presented for NPDES psrimiTable 5-1 are the sum of the
permitted loads from Table 2-2 for all facilitiesthe subwatersheds that compose the
particular assessment unit. The baseline loadepted for MS4 permits in Table 5-1 are
the sum of the estimated loads from all MS4 aredke subwatersheds that compose the
particular assessment unit, see Table 5-3.

The TMDL loads presented for septics in Table 3e&2kmsed on a complete elimination
of failing septics load to the streams (i.e. byrfgcthe failing septic systems so that they
perform adequately). The TMDL loads presented fBDES permits in Table 5-2 are the
sum of the WLA loads from Table 5-4 for all fagéi in the subwatersheds that compose
the particular assessment unit. The TMDL loadsegiresi for MS4 permits in Table 5-2
are the sum of the WLA loads from all MS4 areath&nsubwatersheds that compose the
particular assessment unit, see Table 5-3.
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Figure 5-3. Allocation units and modeled subwatersids in the Rio Grande de
Afasco watershed.
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Table 5-1. Baseline summary by assessment unit.
Unnamed Unnamed Unnamed
Land Use PRWL83H PRWRS83A PRWR83B PRWRS83C PRWRS83D PRWRS3E PRWRS83F PRWRS83G PRWR83H PRWRS3I AN-1 AN-2 AN-3
Units @y (#yr) @#yn @#yn @y @#yn @#yn @#yn (#yr) @#yn @#yn @y @y
Agriculture 3.56E+14 4.94E+14 3.50E+13 3.21E+13 3.78E+13 1.30E+14 1.39E+14 1.62E+15 8.47E+14 8.04E+14 2.01E+13 4.48E+12 3.11E+11
Barren 1.32E+08 1.61E+09 3.43E+08 6.08E+07 3.23E+07 7.35E+08 3.62E+07 1.94E+09 4.98E+08 3.88E+08 2.83E+09 2.06E+09 3.87E+09
Forest 3.73E+13 2.43E+14 3.23E+13 3.44E+13 3.62E+13 4.03E+13 6.21E+13 3.31E+14 1.28E+14 1.17E+14 2.93E+13 1.06E+13 1.06E+13
pastures 2.23E+14 4.79E+15 6.83E+14 2.37E+14 3.74E+14 5.47E+14 3.94E+14 1.19E+15 7.17E+14 5.42E+14 2.57E+15 5.52E+14 1.75E+15
Non Point 1.38E+10 2.98E+11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.83E+09 3.46E+09 0.00E+00 0.00E+00 1.08E+09 5.31E+11
Sources High Density
Urban
Low Densi 1.25E+12 4.53E+12 1.14E+11 7.96E+11 5.75E+11 9.28E+11 9.64E+11 2.39E+12 3.48E+12 1.81E+12 0.00E+00 0.00E+00 1.61E+11
ow Density
Urban
Water 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Wetlands 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.02E+10 0.00E+00
Sepics 2.19E+13 1.81E+14 6.21E+13 5.80E+13 1.35E+13 3.82E+13 2.93E+13 9.64E+13 6.99E+13 6.05E+13 9.91E+13 9.91E+13 4.35E+13
Permitted NPDES 9.68E+10 1.16E+12 0.00E+00 0.00E+00 0.00E+00 6.91E+11 4.20E+12 1.59E+12 0.00E+00 2.11E+12 0.00E+00 0.00E+00 4.31E+13
Point
Sources Ul\;bsa; 0.00E+00 5.19E+12 2.41E+12 5.06E+10 3.99E+11 8.50E+11 1.02E+11 0.00E+00 1.89E+11 0.00E+00 1.03E+13 4.01E+12 7.25E+12
Total Baseline Load 6.39E+14 5.71E+15 8.15E+14 3.63E+14 4.62E+14 7.58E+14 6.29E+14 3.24E+15 1.76E+15 1.53E+15 2.73E+15 6.70E+14 1.86E+15
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Table 5-2. TMDL summary by assessment unit.
Unnamed Unnamed Unnamed
Landuse PRWLS3H PRWR83A PRWRS3B PRWRS3C | PRWRS3D | P RWRS3E | PRWRS3F | PRWR8S3G | PRWRS3H | PRWRS3I AN-1 AN-2 AN-3
Unit (#lyr) (#yr) (#lyr) (#yr) (#1yr) (#lyr) (#lyr) (#lyr) (#1yr) (#lyr) (#yr) (#lyr) (#yr)
Agricutiure 2.21E+13 4.94E+11 1.86E+12 2.57E+12 2.34E+12 6.90E+12 9.85E+12 1.15E+14 5.25E+13 4.99E+13 3.61E+11 1.61E+11 5.61E+09
Barren 1.32E+08 1.61E+09 3.43E+08 6.08E+07 3.23E+07 7.35E+08 3.62E+07 1.94E+09 4.98E+08 3.88E+08 2.83E+09 2.06E+09 3.87E+09
Forest 3.73E+13 2.43E+14 3.23E+13 3.44E+13 3.62E+13 4.03E+13 6.21E+13 3.31E+14 1.28E+14 1.17E+14 2.93E+13 1.06E+13 1.06E+13
Pastures 1.38E+13 4.79E+12 3.62E+13 1.90E+13 2.32E+13 2.90E+13 2.79E+13 8.48E+13 4.44E+13 3.36E+13 4.62E+13 1.99E+13 3.15E+13
8.56E+08 2.98E+08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.01E+08 2.14E+08 0.00E+00 0.00E+00 3.90E+07 9.56E+09
AC High Density
Urban
Low Deni 7.78E+10 4.53E+09 6.02E+09 6.37E+10 3.56E+10 4.92E+10 6.84E+10 1.70E+11 2.16E+11 1.12E+11 0.00E+00 0.00E+00 2.89E+09
ow Density
Urban
Water 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Wetlands 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.02E+10 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Septics
NPDES? 4.84E+10 3.47E+11 0.00E+00 0.00E+00 0.00E+00 6.91E+11 4.20E+11 7.97E+10 0.00E+00 2.11E+11 0.00E+00 0.00E+00 4.31E+12
WLA
Urban Ms4 0.00E+00 5.19E+09 1.28E+11 4.04E+09 2.47E+10 4.51E+10 7.21E+09 0.00E+00 1.17E+10 0.00E+00 1.86E+11 1.44E+11 1.30E+11
MOS g";;gt'; of 8.1401E+12 2.7588E+13 7.8377E+12 | 6.2225E+12 | 6.8648E+12 | 8.5558E+12 | 1.1155E+13 | 5.8973E+13 | 2.4964E+13 | 2.2278E+13 | 8.4517E+12 | 3.4219E+12 | 5.1821E+12
TMDL E‘;‘@f ’L":;‘ém”m 8.1401E+13 2.7588E+14 7.8377E+13 | 6.2225E+13 | 6.8648E+13 | 8.5558E+13 | 1.1155E+14 | 5.8973E+14 | 2.4964E+14 | 2.2278E+14 | 8.4517E+13 | 3.4219E+13 | 5.1821E+13
Percent Reductions 87.26% 95.17% 90.38% 82.84% 85.15% 88.72% 82.26% 81.82% 85.85% 85.41% 96.90% 94.89% 97.21%

" Based on a 100% reduction in bacteria loading from failing septic systems.
?Based on a reduction in facility permit limits to 200 fecal coliforms per 100 mL, or ambient water quality standards.

% A 10% explicit Margin of Safety (MOS) was applied to the load capacity
4 WLAs for individual sources are shown in Tables 5-3 and 5-4.
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5.4 Load Allocations

The load allocation (LA) is the portion in the TMDhat is assigned to nonpoint sources.
Tables 5-1 and 5-2 show the total loads by landyseand assessment unit. These loads
are inclusive of MS4 loads. For this TMDL, the MBcteria loads were subtracted from
the nonpoint source load allocation and reallocateW/LAs. The remaining LAs are
presented in Tables 5-1 and 5-2. See the nexbsdati additional information regarding
MS4 loads.

Based on the analysis performed, the primary nerigaiurce contributions to the Rio
Grande de Afiasco system are from the land surBmece-based reductions were
arrived at through an iterative process of exangjitiacteria reduction possibilities by
varying bacteria loads from each source to theegysind ensuring that the TMDL target
was met. Specifically, nonpoint source loads wetkiced by Assessment Unit until fecal
coliform bacteria concentrations in that segment three TMDL targets described in
Section 5.3.

Load allocations were performed using a “top-doweduction methodology. This
methodology entails applying reductions to headrgdiest, until waters in these
subwatersheds meet the TMDL target. This methodhesffect of also reducing in-
stream concentrations in downstream subwatershedsharging waters of higher
guality to subsequent reaches in the simulatedor&\w hese waters then serve to dilute
fecal coliform bacteria loads that enter downstream

However, this methodology sometimes requires laedections in headwater subbasins.
This occurs when significant sources of a pollugaqst in that watershed and diluting
flows from upstream reaches are not available. érargductions are required in these
watersheds to meet the TMDL target. Large redustiorexcess of 90% are sometimes
required in areas where excessive in-stream pallutancentrations have been observed.

For example, Figures 4-7 and 4-8 show a water tyuziibration where in-stream
measurements in excess of 20,000 cfu/100mL have ddegerved. The instantaneous
water quality standard for fecal coliform bactes@00 cfu/100mL, so a simplistic
reduction from 20,000 CFUs to 200 CFUs would regai99% reduction. This is
presented to provide the magnitude of the impaitraad justify the reductions shown in
Tables 5-1 and 5-2.

The load allocations are separated by land useseparated from septic loads, which are
also considered a component of the LA.

5.5 Wasteload Allocations

Federal regulations (40 CFR 130.7) require TMDLmttude individual WLAs for each
point source. In addition, USEPA’s stormwater péting regulations require
municipalities to obtain permit coverage for atirsdwater discharges from urban
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municipal separate storm sewer systems (MS4). AeNdoer 22, 2002 USEPA
Memorandum from Robert Wayland and James HanloneMZavision Directors
(http://www.epa.gov/boston/npdes/stormwater/) Gkdiexisting regulatory
requirements for MS4s connected with TMDLs. The geints are:

* NPDES-regulated MS4 discharges must be includddenvasteload allocation
component of the TMDL and may not be addressedi®&yoad allocation
component of TMDL.

* The stormwater allotment can be a gross allotmeatdmes not need to be
apportioned to specific outfalls.

* Industrial storm water permits need to reflect texdbgy-based and water quality

based requirements.

Based on this memorandum, MS4s within the Aflasdensfaed were treated as point
sources for TMDL and NPDES permitting purposes, thetbacteria loading generated
within the boundary of an MS4 area was assigned_A W addition to the WLA for the
point source dischargers. There are also elevart pource facilities with eleven outfalls,

and two MS4 communities within the Aflasco watersladidequiring WLAS. The

components of the WLA are summarized below.

WLA: MS4 Municipalities

In the Rio Grande de Afiasco watershed, stormwatgeha loads are covered under the
Phase Il NPDES Stormwater Program and were corsldeasteloads at this time.
Runoff from residential and urbanized areas dustiogm events can be a significant
fecal coliform bacteria source, delivering bact¢oighe waterbody. USEPA’s stormwater

permitting regulations require public entities tatain NPDES permit coverage for

stormwater discharges from MS4s in specified urtethareas. Table 5-3 presents a
summary of the MS4 components. Note that althobghetare 2 census urbanized areas
covered under MS4, they overlap with both assessarets and counties; hence there

are 22 total MS4 components.

Table 5-3. Bacteria loads for the MS4 component dhe WLA

Baseline WLA
Urban Assessment (#/day FC | (#/day FC Percent
Urbanized Area County Code Unit Bacteria) Bacteria) Reduction
Aguadilla--Isabela--San Sebastian, PR Anasco 631 PRWRS83A 8.77E+09 8.77E+06 99.9%
Aguadilla--Isabela--San Sebastian, PR M;Erlisa s 631 PRWRS83A 1.44E+09 1.44E+06 99.9%
Aguadilla--Isabela--San Sebastian, PR Moca 631 PRWRS83A 3.78E+06 3.78E+03 99.9%
. ) San

Aguadilla--Isabela--San Sebastian, PR Sebastian 631 PRWR83A 3.47E+09 3.47E+06 99.9%
Aguadilla--Isabela--San Sebastian, PR Anasco 631 PRWR83D 1.04E+09 6.43E+07 93.8%
Aguadilla--Isabela--San Sebastian, PR Moca 631 PRWR83D 5.58E+07 3.46E+06 93.8%
Aguadilla--Isabela--San Sebastian, PR M';‘;ZS 631 PRWRS3E 2.33E+09 | 1.23E+08 94.7%
Aguadilla--Isabela--San Sebastian, PR I\/II:rliZs 631 PRWR83F 2.78E+08 | 1.98E+07 92.9%
Aguadilla--Isabela--San Sebastian, PR Lares 631 PRWR83H 5.17E+08 | 3.20E+07 93.8%
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Baseline WLA
Urban Assessment (#/day FC (#/day FC Percent
Urbanized Area County Code Unit Bacteria) Bacteria) Reduction
Aguadilla--Isabela--San Sebastian, PR Aguada 631 Unnamed AN-1 | 5.91E+07 1.06E+06 98.2%
Aguadilla--Isabela--San Sebastian, PR Anasco 631 Unnamed AN-1 | 2.82E+10 5.08E+08 98.2%
Aguadilla--Isabela--San Sebastian, PR Rincon 631 Unnamed AN-1 | 9.09E+06 1.64E+05 98.2%
Aguadilla--Isabela--San Sebastian, PR Anasco 631 Unnamed AN-2 | 1.69E+09 6.10E+07 96.4%
Aguadilla--Isabela--San Sebastian, PR Rincon 631 Unnamed AN-2 | 9.29E+09 3.34E+08 96.4%
Mayaguez, PR Anasco 55738 PRWRS83A 7.55E+07 7.55E+04 99.9%
Mayaguez, PR Mayaguez | 55738 PRWRS83A 4.57E+08 4.57E+05 99.9%
Mayaguez, PR Anasco 55738 PRWR83B 1.05E+09 5.54E+07 94.7%
Mayaguez, PR M';‘izs 55738 | PRWRS3B | 9.93E+07 | 5.26E+06 94.7%
Mayaguez, PR Mayaguez | 55738 PRWR83B 5.46E+09 2.89E+08 94.7%
Mayaguez, PR Anasco 55738 PRWR83C 2.34E+07 1.87E+06 92.0%
Mayaguez, PR Mayaguez | 55738 PRWRS83C 1.15E+08 9.21E+06 92.0%
Mayaguez, PR Mayaguez | 55738 | Unnamed AN-3 | 1.99E+10 3.57E+08 98.2%
Totals: 8.43E+10 1.88E+09

WLA: Permitted Facilities
For the permitted facilities, the fecal coliformdbaria WLAs were calculated using a
concentration of 200 ¢/100ml, and the facilitiestrent permitted flow. Table 5-4
presents the baseline load, WLAs, and the pereeiuctions required to meet the TMDL
targets. The baseline load is calculated usindatiéties’ current permitted flow and
concentration. The percent reduction is the redadtiom baseline to TMDL conditions.

Table 5-4. Individual NPDES permitted facility WLAs

Permitted WLA WLA
NPDES Lat Long Assessment (#/day FC (#/day FC |(Colonias/ | Percent
Permit Facility Name (dd) (dd) Unit Bacteria) Bacteria) /100mL) |Reduction
PR0000353 | LILLY DEL CARIBE INC. | 18.26694 | -67.15694 |Unnamed AN-3 | 1.01E+10 | 1.01E+09 | 200 90%
PR0020583 | PRASALAS MARIAS | 18.25472 | -66.99639 | PRWRS3E | 1.89E+09 | 1.89E+09 | 200 0%
PRASA WTP PERCHAS .
PR0022926 AW 18.27139 | -66.92444 | PRWRS3A | 246E+09 | 2.46E+08 | 200 90%
PR0022934 | PRASA Vg.'; A'VE')%NTE DEL | 1814667 | -66.95278 | PRWR83G | 4.36E+09 | 2.18E+08 | 200 95%
PRO022942 | PRASA gVLTAF;\I’T*NASCO 1827972 | -67.11806 | PRWRS83A | 7.04E+08 | 7.04E+08 | 200 0%
PR0022951 | PRASA WTP LAS MARIAS | 18.24417 | -66.97806 | PRWRS3F | 1.15E+10 | 1.15E+09 | 200 90%
MAYAGUEZ MUN GOVT- .
PR0023396 e &= 18.23611 | -67.14361 |Unnamed AN-3 | 2.84E+08 | 2.84E+07 | 200 90%
PR0023990 PRASAF?’C’TTE’RMF',FE?ERO 1822722 | -67.14056 | Unnamed AN-3 | 1.08E+11 | 1.08E+10 | 200 90%
PR0024333 | CASA CASTANERINC | 18.18139 | -66.83472 | PRWL83H 1.36E+08 | 6.80E+07 | 200 50%
PRO025283 | CASTANER GENERAL | 1g 18139 | .66.83361 | PRWLS3H 1.20E+08 | 6.46E+07 | 200 50%
HOSPITAL
PRO025411 | RASA R'ELFT’RF',EIO YAUCO| 1814139 | -66.83028 | PRWRS3I 577E+09 | 5.77E+08 | 200 90%
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Permitted WLA WLA
NPDES Lat Long Assessment (#/day FC (#/day FC |(Colonias/ | Percent
Permit Facility Name (dd) (dd) Unit Bacteria) Bacteria) /100mL) [Reduction
Totals: 1.45E+11 1.67E+10
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6 REASONABLE ASSURANCE AND TMDL
IMPLEMENTATION

6.1 Reasonable Assurance

There is reasonable assurance that the goals s¢ thelIDLs can be met with proper
watershed planning, implementation of pollutionuettbn best management practices
(BMPs), and strong political and financial mecharss Reasonable assurance that the
TMDLs established will require a comprehensive dida approach that addresses:

. non-point source pollution including failing sepsigstems,
. existing and future sources,
. regulatory and voluntary approaches.

TMDLs represent an attempt to quantify the polltutbbrad that may be present in a
waterbody and still ensure attainment and maintemah water quality standards. These
TMDLs identify the necessary overall load reductiofor fecal coliform bacteria
currently causing use impairments and distributese reduction goals to the appropriate
sources. Reaching the reduction goals establishetttdse TMDLs will occur through
non-point source controls to achieve LAs and thetiddal Pollutant Discharge
Elimination System (NPDES) and permits to achieveAa/

The non-point source controls can be implementedutih a number of existing
programs such as Section 319 of the CWA, commoefgrired to as the Non-point
Source Program. This program can help with theailadion of BMPs that prevent or
reduce non-point source pollution to a level conipatvith water quality goals.

According to 40 CFR § 122.44(d)(1)(vii)(B), thele#nt limitations for an NPDES

permit must be consistent with the assumptionsragdirements of any available WLA
for the discharge prepared by the state and apgroy&PA. Furthermore, EPA has
authority to object to issuance of an NPDES pethait is inconsistent with WLAs
established for that point source. This applietsaditional point sources as well as more
diffuse sources such as permitted MS4 systems.

6.2 Implementation

These TMDLs are based on attaining an in-strearmgaa fecal coliform bacteria
concentration of 200 colonies/100 mL (minimum 5 pke®), and a dual target of no
more than 20% of samples exceeding 400 colonied@®mL (see Section 2.2). The
TMDLs in this report meet these standards, and baea calculated at each assessment
unit pour point, and require between 83.8% and%#A&ductions in fecal coliform
bacteria loading to meet the standard. The TMDUé@mentation plan focuses on
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increased reductions from existing sources of fechiorm. Management of future
sources, such as new development, falls underategary of watershed planning.

Effective watershed planning is a critical compdrfenmeeting water quality standards
in the future. It is recognized that the impleméntaof watershed management
strategies has already occurred to some exteheiwéatershed. However, in order to
meet the targeted load reductions, additional implatation practices must occur in the
future.

There are a number of critical questions that shbeladdressed during the TMDL
implementation phase. These are presented assafbasvaluating an implementation
strategy and to ensure that adequate resourcgsaided to meet the fecal coliform
bacteria reduction goals specified in Section 5n&of the key programmatic questions
and answers are listed below, these include:

How much fecal coliform bacteria must be reduced?

Section 5 identifies the necessary fecal colifoantéria load reductions for the entire
watershed, listed by assessment unit and sourc@@sdated as part of this TMDL
analysis. In order to meet the current water quatiindards, assessment units must
reduce fecal coliform bacteria load by a rangeasieen 83.8% and 97.8%.

Do programs and organizations exist to addresgéaeictions from nonpoint sources?
An effective management plan must address the ddapalh local, territorial and federal
programs to implement the management strategiesmeended in this implementation
plan. ldentifying and assigning actions to apprajeriorganizations is part of
implementation. Some of those organizations malpdeEPA, Puerto Rico EQB,
Puerto Rico Natural Resource Conservation Seridoejersity of Puerto Rico
Agricultural Extension Offices, local watersheda@sations, environmental groups, and
local and county governments.

What monitoring information would help refine thecassary reductiof?s

This TMDL presents sources of fecal coliform baetévading based on in-stream
monitoring, modeling results, and land use datathéun data collection regarding specific
sources can be used to refine the managementfaexample, septic failure rates were
assumed to be uniform throughout the watersheddbasa lack of data or log of

failures. Further data collection to refine thduia rate in the watershed could be
performed to verify the assumed failure rate arsisag focusing BMP implementation
more effectively. See Section 4.3 for assumptiorslanitations with respect to these
TMDLs.

How should load reductions be prioritized?

While there are variations in the percent reductioecessary to achieve TMDL
compliance by assessment unit, pollutant loadiily favenly distributed throughout the
watershed. Thus, the following management recomatents are for the watershed as a
whole.
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6.2.1 Management Plan: Agricultural Areas

Agriculture includes farming of plant crops andraai husbandry. Because large areas of
land are devoted to these activities, they havgrafieant impact on water quality and
water resources. Agricultural impacts on water ueses generally involve several types
of pollutants: 1) Nutrients, 2) Pesticides, 3) Baiet and Viruses, 4) Sediments, and 5)
Erosion. For the purposes of this management ptaluctions of bacteria will be the
primary focus of management recommendations. Howsugce many of the same
management practices will also contribute to leatlictions in other pollutants, the
implementation of proposed fecal coliform bacteeducing management measures
would contribute to improved overall water qualiithin the watershed. To improve
water quality, farmers can apply a variety of meastio minimize runoff of potentially
harmful materials (e.g., animal wastes) from adtical lands into adjacent streams and
ultimately, surface waters in the watershed.

6.2.1.1Implementation: Agricultural Areas

In order to achieve realistic reductions in feadlform bacteria load and concentrations
in the watershed, the following framework is preadd

1. Using GIS land use data and animal census loatte and identify the most
significant farming activities and source areaslite highest potential FC load.

2. Develop a suite of educational, technical andrftial resources to address the issues
deemed most significant, including:

» Develop a schedule for implementation of pilot eahd demonstration projects
and monitor the results.

* Reassess implementation schedule as a result afaring results and revise
program accordingly.

* Implement actions on lower priority land uses adiivdies as higher priority
areas are completed, assessed and begun to cantemypliance.

It is recognized that current programs have begeémented in recent years to address
the goal of reducing fecal coliform bacteria loaglto receiving waters. However, based
on in-stream monitoring and modeling results, add#l BMP implementation must
occur to meet the load reductions specified in TINEL.

6.2.1.2Recommended BMPs: Agricultural Areas

Education should occur on a variety of levels arddt decision makers (elected
officials, heads of agencies, and political appeas), farm owners and farm workers, and
the general public. The importance of protectintyrad resources and the impact of
nonpoint source pollution need to be communicateEtively, focusing on linkages
between healthy natural resources, clean drinkiatgmand a strong economy.
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Public education and outreach activities and maltedan take on a variety of forms,
depending on the target audience;

» Decision makers need general information on theactgof nonpoint source
pollution, how nonpoint source pollution affecte #nvironment, ways of
controlling nonpoint source pollution, and how Huerse impacts of nonpoint
source pollution affect the economy and aesthefitise region.

» Farmers need detailed information on how to seladtimplement proper
nonstructural and structural BMPs, operate and taiairstructural BMPs,
recognize the limitations of the land and obtam tileximum sustainable yield
within those limitations, manage land properly, @edelop and implement
control plans.

* The general public needs to understand the linkagtgeen their actions,
nonpoint source pollution, and degradation of tatiral environment.

» Education programs should be tailored to the sjpet#eds of the community, the
needs of the farmers, and the education leveleofdiget audiences.

An effective strategy for public education and eatth regarding agricultural nonpoint
source pollution should include:

» Development of a commission or similar mechanisntémrdinating educational
policy for the region;

» Community education programs;

* Field demonstrations and follow-up site visits;

* School and community workshops;

» Outreach and extension programs, including codsearm workers;

» Use of media (TV, radio, videos, etc.);

* Required school environmental education curriculum;

» Development of outreach materials such as facttshgeidance documents, and
courses for decision makers, farmers, and the gepeblic;

» Education of political and policy leaders in the térahed;

* Appointment of one responsible or lead coordinatiggncy; and

» Economic incentives for implementing education paogs.

Achieving the successful implementation of BMPddryners hinges on demonstrating
to them that adopting such practices can save moesgurces, and time.

Education and outreach programs should focus okiagwith farmers and others to
implement the following BMPs, which emphasize redgdecal coliform bacteria
loading:

Keep Livestock out of WaterBy cutting off the access of livestock to streapwnds,
and rivers with fencing, animal contact with watarie bacteria is reduced and animal
discharge of bacteria is minimized.

Provide alternative Watering HolesIn order to deter livestock grazing, farmers must
provide an alternative source of drinking watertfogir livestock.
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Disposal of Dead LivestockDead livestock should be disposed of properisethuce the
potential for ground and surface water contamimafiiom pathogens. They should be
removed from streams or fields and isolated urgpaisal is possible. Proper disposal
methods include composting and incineration. Initien facilities require more
detailed planning and need to be developed unéerdhsultation of local, terrestrial and
national authorities to ensure proper construct@eration, and maintenance.

Divert runoff water- Diverting clean water around a feedlot prevehésexcessive
erosion of manure solids from the lot and incrediseffectiveness of settling basins or
other solid-liquid separation equipment. Prevemwater from entering the feedlot by
using gutters and downspouts to handle water cofmimg building rooftops.

Manure Management A complete manure management system involvesaah,
storage (temporary or long-term), and ultimate ofssth or use. A manure management
plan should establish fertilizer plans to use maraifectively.

Store livestock wastes propeHyVaste storage structures should not be locatad ne
surface waters. Also, special precautions shouldiken when storing waste in earthen
structures to prevent wastes from seeping throbgottom of the basin to adjacent
surface waters or groundwater. Manure storage ateadd be covered whenever
possible.

Composting of Manure This practice is an aerobic process of contrdiiedlegradation
of animal wastes that reduces pathogens and gebitiutrients. It is a highly cost
effective technique of managing wastes, produciuglaable commodity, and reducing
potential for water resource contamination. Comipgstequires active management in
order to produce a useful soil amendment.

Filter Strips - These are vegetated zones around a confined kfaiaildy or active
cropland that trap sediments, organic wastes dmet pollutants in stormwater runoff.
They must receive regular maintenance in ordennetfon effectively. Constructed
wetlands in low-lying areas can also serve a simpilapose.

Heavy Use Area ProtectionsThis practice involves construction of hard scefin
heavily used areas. Materials for constructionlmaigoncrete, asphalt, compacted gravel
or compacted earth, depending on the waste manag@ijectives. Hardening areas of
heavy use prevents or slows their physical degi@dand facilitates the collection and
use of animal wastes, the latter being vital tdgmtion of water resources.

Manure Stacking Areas These areas are temporary locations for storinganivastes
in a field prior to application. Their purpose @gssdupplement constructed storage facility
volumes or to await favorable conditions for fieloplication.

Manure Storage Facilities This BMP involves using permanent structures foraie
of animal wastes on a temporary basis. They algtucapolluted runoff and are
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therefore a useful means of preventing or miningznansport of contaminants and
sediments to surface waters.

Manure and Waste Utilization PlansPlans which formulate an approach to recycling
animal wastes to benefit crop production while eimguenvironmental quality. They can
be used in conjunction with nutrient managemenpta minimize the amount of
commercial fertilizer applied to cropland.

Other BMPs that may be useful in managing animatesinclude:

* Use of waste storage ponds and waste treatmerdriago
» Reuse of runoff water and/or manure for agricultaraps or plantings; and
» Contracting with commercial rendering or disposal/ies.

“Reducing Wastewater and Runoff from Confined Animicility” involves limiting
surface water runoff and discharge from confineichahfacilities to adjacent streams or
the river. This can be done by storing both thdifgavastewater and the storm water
runoff and managing the stored runoff and polligdahtough an appropriate waste
utilization system. Some BMPs for reducing aninaalilfty runoff include the following:

» Use of dikes, diversions, and grassed waterways;

» Protection of heavy use areas;

* Use of lined waterways or outlets;

* Managing roof runoff and runoff from paved areas;

* Terracing slopes;

* Using waste storage ponds or waste storage stascsuich as waste treatment
lagoons;

» Reuse of runoff water and/or manure for agricultaraps or plantings;

» Waste utilization and recycling;

* Providing a composting facility;

* Using commercial rendering or disposal services;

* Incineration of wastes;

* Use of approved burial sites;

» Use of structures to trap sediments and assoqiati@gants (sediment basin,
water and sediment control basin);

* Use of vegetated filter strips and constructed avet$ to trap sediments and
associated pollutants.

“Grazing Managemerit protects water resources by managing livestockegpasture,
and other grazing lands to reduce erosion, sedatientand transport of pollutants in the
following ways:

» Use of deferred grazing and planned grazing tavall@ter resources and land to
recover from intensive usage that may damage watsity;
* Proper grazing use;
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* Proper woodland grazing;

» Pasture and hayland management;

» Use of pipelines, wells, ponds, drinking water ghsi or tanks to water livestock
instead of natural streams or ponds;

* Spring development

“Irrigation Water Managemerit reduces nonpoint pollution of surface and ground
waters caused by irrigation. Such measures include:

* Irrigation water management and scheduling;
» Use of irrigation water-measuring devices;
» Soil and crop water use data;

* Irrigation system, drip or trickle;

* Irrigation system, sprinkler;

* Irrigation system, surface and subsurface;
* lIrrigation field ditch;

* Irrigation land leveling;

* Irrigation system, tailwater recovery;,

» Filter strip;

» Surface drainage field ditch;

* Subsurface drain;

* Water table control,

» Controlled drainage; and

» Backflow prevention practices.

“Financial Incentives” Financial incentives should be a component of grecaltural
management plan. Grants and government progranhd bewirected to farmers for
implementing BMPs. For example, government ageremesd implement manure-
recycling programs by purchasing manure from lioelsttarmers, and storing the manure
properly until it can be donated as fertilizer. @tlsost sharing measures should be
offered to provide incentive for BMP implementation

6.2.2 Management Plan: Urban Areas

Land development and construction activities tyjpydavolve clearing and removal of
vegetation, grading of the land surface, excavatiogarth, removal and importation of
soil, construction of impervious structures usingnamade building materials,
installation of utilities, construction of septigstems or sewer lines, road building, and
landscaping. Such activities also affect waterityyaghrough removal of protective
vegetation, stormwater runoff from cleared areaslawns, spillage of paint or other
compounds, dust from construction materials, antifers and pesticides used in
landscaping.

Existing urban land uses contribute to nonpoint@®@pollutant loading from a variety of
sources and activities, including: increased flowd wash off of accumulated pollutants

60



Fecal Coliform TMDL, Rio Grande De Afiasco; Final Draft Report April 1%, 2009

from impervious surfaces, accelerated upland aadr#l erosion, pet waste, sanitary
sewer overflows and combined sewer overflows, aroh§ septic systems.

6.2.2.1Implementation: Urban Areas

In order to achieve realistic reductions in feadlform bacteria load and concentration
in the watershed, the following framework is preadd

1. A program should be developed to assess theetksenpacts of permitted (MS4s) and
non-permitted loads from urban areas.
2. Using GIS land use data, locate and identifyntlost significant land use source areas
with the highest potential load.
3. Develop a suite of educational, technical andrftial resources to address the issues
deemed most significant, including:
» Develop a schedule for implementation of ordinanpést scale and
demonstration projects and monitor the results.
* Reassess implementation schedule as a result afariog results and revise
program accordingly.
* Implement actions on lower priority sources as argbriorities are completed,
assessed and coming into compliance.

6.2.2.2Recommended BMPs: Urban Areas

Best Management Practices for urban land usesesigreed to reduce the impact of
these sources on surface waters. Upon implementatiBMPs, their effectiveness
should be evaluated in relation to prescribed @atkallocations (MS4s), and future
permit conditions will be established with a goblater quality standard compliance.
Typical measures for construction sites includersedt traps and basins, sediment
fences, wind erosion controls, and sediment, chaland nutrient control. Although
these BMPs target sediment, bacteria are alsot&argeherently as bacteria sources can
be associated with sediment. Since urbanizationg®ing, it is useful to consider BMPs
that address existing urbanized areas as welltasefgrowth. Therefore, BMPs for urban
land uses should be considered in three phases/efapment: Pre-Construction (or
Planning), Construction, and Post-Construction.

Education focused on urban residents, businessdslexision makers is essential to the
success of best management practices. As withudigrial BMPs, public education and
outreach activities can take on a variety of fordepending on the target audience.

» Decision makers and residents need general infavmah the impacts of
nonpoint source pollution, how nonpoint source ytadh affects the environment,
ways of controlling nonpoint source pollution, dmav the adverse impacts of
nonpoint source pollution affect the economy arstteetics of the region.

» Businesses and commercial users need detailecbansed information on how
to select and implement proper nonstructural andtstral BMPs, operate and
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maintain structural BMPs, manage land properly, @evklop and implement
erosion and sediment control plans.

» Education programs should be tailored to the spet#eds of the community and
the education level of the target audiences.

An effective strategy for public education and eatth regarding urban nonpoint source
pollution should include:

» Development of a commission or similar mechanisncéwmrdinating educational
policy for the region;

* Community education programs;

* Field demonstrations and follow-up site visits;

» School and community workshops;

» Outreach and extension programs, including codmsesommercial, industrial
and residential users;

» Use of media (TV, radio, videos, etc.);

» Required school environmental education curriculum;

» Development of outreach materials such as facttshgeidance documents, and
courses for decision makers, residents, businessbthe general public;

* Education of political and policy leaders in the téfahed;

* Appointment of one responsible or lead coordinatiggncy; and

» Economic incentives for implementing education paogs.

Implementation of BMPs by citizens hinges on dertraisig to them that adopting such
practices can save money, resources, and timeakdn@nd outreach programs can
focus on working with citizens and others to impéthe following BMPs.

Pre-Construction (Planning) Phase:

“Develop a spill response plarthat clearly outlines procedures to be followethia
event of an accidental spill on-site during condinn (e.g sewer line damage).

“Plan access roads to reduce stream crossingsiinimize the amount of sediment-
associated pollutants that wash into tributaries.

Construction Phase

“Locate on-site pollutant sources away from drainagourses’to prevent pollutants
from being washed into drainage courses and streantgg rainfall events.

“Install sedimentation basins'to collect stormwater runoff from construction &ittes.
“Install anchored mulch” (especially on slopes greater than 5% and condedtfiow

areas such as diversions and waterway channelainigs of mulch include mats,
chemical mulches and organic mulches (hay, wooplsclsihredded corn stalks).
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“Sediment barriers (hay bales, silt fencing}hat are installed along the slope contour (at
the same elevation) with ends flared uphill sudedigscapture runoff.

“Minimize soil disturbance” Construction projects in areas with steep slopdscise
proximity to surface waters need to minimize theoant of road access and exposed soil.

“Construction entrance sitesWith construction entrance pads.
“Vehicle washing” keeps sediment and soil on-site.

Post-Construction Phase:

“Vegetated filter strips”are areas of land with natural or planted vegataliesigned to
receive overland sheet runoff from upgradient dgwelent. The primary function of the
strips is to remove pollutants from the flow befdareeaches surface water.

“Grassed swalesare shallow, vegetated, man-made ditches designéthsthe bottom
elevation is above the ground water table to alomoff to infiltrate into the ground.

“Grassed waterways{wide, shallow channels lined with sod) are ofteedias outlets
for runoff from terraces.

“Extended detention pondséare structures that are designed to temporarilg simirm
water for up to 24 hours, a period long enoughltwefor settling of particulates. These
ponds are normally dry between storm events, bytmse a shallow marsh in the
detention area.

“Wet ponds”are designed to have a permanent pool of waterawmitltional capacity to
detain storm water. The pool prevents the re-susperof sediments in the pond from
previous storm events. Wet ponds can achieve adaglee of pollutant removal and
peak storm water discharge reduction.

“Constructed wetlands’are engineered systems designed to replicate sbthe o
beneficial functions of natural wetlands to tread @ontain storm water runoff pollutants
and reduce peak flow. Constructed wetlands are ngystems and require careful
planning if they are to function correctly.

“Infiltration practices” including ponds and trenches, are designed to atown water
runoff to collect and permeate into the ground.irBijtrating the runoff, pollutants will

be retained in the soil. However, a major drawlkaadkfiltration practices is their high

maintenance requirements.

6.2.3 Management Plan: Septic Systems
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Fecal coliform loads from septic systems repreapptoximately 10% of the total load

in the Anasco system. Approximately 67% and 29%hefpopulation is serviced by on-
site septic systems and latrine systems, respéctiidese systems effectively remove
fecal coliform bacteria when properly installed andintained as fecal coliform bacteria
naturally die off while the effluent percolatesdtgh the soil to the groundwater. These
systems fail when there is a discharge of wasted®oil surface where it is available for
washoff into surface waters.

Failing septic systems can deliver high bactergal$oto surface waters, depending on the
proximity of the discharge to a waterbody and thertg of rainfall events. Septic system
failures typically occur in older systems that ac¢ adequately maintained with periodic
sewage pump-outs.

6.2.3.1 Implementation: Septic Systems

Strategies for septic system management include:
* surveying and testing programs to identify failseptic systems;
» education on proper maintenance of septic systems;
* encouragement to make repairs; and
» studies to evaluate alternatives.

Septic failures are often not evident, and idetdiion of failing septic systems should
represent a significant portion of the implemewtaiplan. As failed systems are
identified, repairs or alternative systems canrmmaraged and incorporated.

Public education regarding proper use and maintEnahseptic systems is also
important in the implementation process. A sigaifitnumber of septic failures may be
prevented if proper maintenance is conducted. Theea public awareness component
should be employed.

Septic alternative studies may provide sufficiefbimation to assist in evaluating
alternatives to septic systems. Suitability stufleselecting appropriate septic systems
(latrines vs. septic tanks or leachfields) can éeetbped based on soil type and other
physical characteristics that may provide selectioteria.

6.2.3.2 Recommended BMPs: Septic Systems

If additional septic system reductions/controlsdreythose outlined earlier are
necessary, studies are recommended to be undettakssess the reduction of fecal
coliform as a result of the proposed septic sysatarnatives. PREQB in consultation
with local governments should determine whetherteail treatment requirements such
as clustered treatment and/or on-site upgradesswering with centralized treatment and
discharge out of the watersheds are necessaryhievadhese TMDLSs.
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BMP pollutant removal efficiencies for septic systeare largely dependent on site-
specific characteristics that dictate the desigh@acement of these features. Therefore,
recommendations for BMPs should be made on a gasade basis, or clustered
depending on the type of management.

6.2.4 Effectiveness of Proposed Watershed Management
Measures

The potential effectiveness of the suggested manegemeasures will largely depend
on the watershed-wide implementation success dsaw#he effectiveness of the
individual practices. The amount of research cotetion the efficiency of BMPs in
reducing pollutant transport to receiving waters geown steadily in recent years.

However, land use-based BMP pollutant removal iefficies are largely dependent on
site-specific characteristics that dictate the glesind placement of these features.
Efficiency data based on local BMP implementationjgrts should be reviewed rather
than literature values or regional efficiency datguide the implementation process.
Based on accurate pollutant removal estimates)famied strategy for attainment of the
TMDL can be developed, implemented, and verifiedutyre monitoring.

Recommended future monitoring locations includeetkisting calibration location
(USGS50144000; see Figure 3-1), and at the disehasont of each assessment unit (see
Figure 5-3). Monitoring at the calibration statmould provide a continuous flow record
that would provide historical data and ongoing rdaturing TMDL implementation
process. Monitoring conducted at assessment uaitmnts will provide estimates of
implementation.

While ideally all subwatersheds should be monitaetheir discharge points, limited
resources may be available to establish year reantbling at all of these locations. If
resources are unavailable, it is suggested thatrgead data collection should focus on
locations listed in Table 6-1 and shown in Figu® ®etailed identifying information
for these stations is included in Table 6-2. A siannof currently available fecal
coliform bacteria data for the recommended locati@ar dates after 1/1/1980) is
included in Table 6-3.

The recommended stations were selected based iofottaion and availability of long
term data. It is recommended that future monitobadocused on weather conditions
(dry weather vs. wet weather) and flow regime (ftows, high flows, and average
flows).

Flow in the stream should be measured concurrantiyweather condition should be
noted. The current sampling schedule for thesesatats 3 times a year, an increase in
the frequency of sampling is recommended. Fec#bcol bacteria samples should be
collected by trained personnel and tested by dfieertaboratory. The analysis method
should be the following: Fecal coliform bacteriasA€ MF (0.7 micron) method, water,
colonies per 100 milliliters.
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Additionally, it would be useful to monitor fecablform concentrations during the
rising, peak and recession of the streamflow hydxplg for a storm that occurs after a
period of dry weather. This would allow for an exation of the surface accumulation
and washoff rates of fecal coliform bacteria. T¢pgcial monitoring effort could be done
once a year.

In addition to fecal coliform bacteria and flowyseal other water quality parameters
should normally be sampled and the data recordeadhimed volunteers. These include

pH, dissolved oxygen, biological oxygen demand (BQ&mperature, conductivity, and
turbidity. Observations regarding the conditiortled stream and adjacent areas should be
made.

Table 6-1. Recommended stations to focus water quigl monitoring efforts per
watershed

Agency Site No. Station name Municipality
USGS 50143000 RIO GRANDE DE ANASCO NR LARES, PR San Sebastian
USGS 50144000 RIO GRANDE DE ANASCO NR SAN SEBASTIAN, PR ARasco
USGS 50146000 RIO GRANDE DE ANASCO AT ANASCO, PR Afasco

Table 6-2. Details of recommended stations to focugter quality monitoring efforts
per watershed

Agency Site no Latitude Longitude Elevation Drainage2 area,
, ft mi
USGS 50143000 | 18.25578728 | -66.91767710 492.1 26.3
USGS 50144000 | 18.28272970 | -67.05101230 103.7 94.3
USGS 50146000 | 18.27328522 | -67.12656870 32.8 139.0

Table 6-3. Summary of available fecal coliform ba@ria data (from 1/1/1980
onwards) for recommended stations

Site No. Count Min date Max date Min conc. Ave conc. Max conc.
¢/100ml ¢/100ml ¢/100ml
50143000 76 1/16/1980 | 3/17/2009 4 5,476 300,000
50144000 83 1/16/1980 | 3/18/2009 10 3,541 38,000
50146000 87 1/17/1980 | 3/18/2009 10 6,078 59,000
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Recommended Monitoring Stations
@ Rio Grande de Anasco Watershed

[ ] Assessment Units
Municipalities

Elevation, m
[ ]-28.664 -
[ ]122.312-
[ ]273.289 -
[ ]424.265-
] 575.241 -
I 726.218 -
[ 1877194 -
[ 11028.17 -
[ 11179.147
Il No Data

122.312
273.289
424.265
575.241
726.218
877.194
1028.17
1179.147
-1330.123

Figure 6-1. Recommended monitoring stations for th®io Grande de Afiasco

watershed
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APPENDIX A: SANITARY SYSTEM TYPE
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Households, Census 1990 Percent
Sanitary Sanitary
Municipalities Sewers Septics Other Sewers Septics Other
Adjuntas 1,814 3,773 696 29% 60% 11%
Anasco 3,100 4,939 484 36% 58% 6%
Lares 2,911 5,642 771 31% 61% 8%
Las Marias 650 1,822 732 20% 57% 23%
Maricao 707 1,096 486 31% 48% 21%
Mayaguez 24,436 10,422 1,090 68% 29% 3%
Rincon 1,299 3,455 232 26% 69% 5%
Yauco 6,352 5,962 1,768 45% 42% 13%
San Sebastian 4,385 8,317 834 32% 61% 6%
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APPENDIX B: TIDAL PRISM MODEL
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The tidal prism model assumes that a single comtloime can represent a waterbody,
and that the pollutant is well-mixed in the watetpaystem.

The mass balance of water can be written as fol(@u® and Lordi, 2000):
dv
EZ(QO_Qb-'_Qf) 1)

where:
Qo is the quantity of water that enters the embayroarthe flood tide through the
ocean boundary (fper tidal cycle)
Qv is the quantity of mixed water that leaves the twayhe ebb tide that did not
enter the bay on the previous flood tide’ @er tidal cycle)
Qis total freshwater input (frper tidal cycle)
V is the volume of the bay
T is the dominant tidal period (hours)

It is further assumed th&) is the pure ocean water that did not flow outhef t
embayment on the previous ebb tide, and @aas the embayment water that did not
enter into the system on the previous flood tidlae mass balance for the fecal coliform
bacteria can then be written as follows:

vEE=Qc,-Qe+L, -kve 2)

where:
Li (& .G) is the loading from upstream within the tidal leyc
k is the fecal coliform bacteria decay rate (or mped parameter for the net loss
of fecal coliform bacteria)
C is fecal coliform bacteria concentration in thebayment
Co is the fecal coliform bacteria concentration frootside the embayment

In a steady-state condition, the mass balance ieqgdbr the water can be written as
follows:

Q =Q +Qq (3)

A numerical solution for equation (2) can be depelbfor the fecal coliform bacteria
concentration to simulate a time-variable resulsblystituting finite difference
approximations for the derivatives. The fecalfooin bacteria concentration in the
embayment can be calculated from equation (2) lasfe:

o " Ci+l_ci
QG - Q,C ! +Q;C; —kVC ' :VT (4)
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_ [AtV (Q,C, +L,)+C]
T L+AYV(Q, +kV)]

i+1

(®)

The daily load can be estimated based on the doniital period in the area. The
dominant tidal period was assumed to be approxignahours. If fecal coliform
bacteria concentration is in MPN/100ml, the dailgd (counts da$) can be estimated
as:

Load = Load; x%‘xloooo (6)

SinceQo (the quantity of water that enters the embaymarthe flood tide through the
ocean boundary) is unknown, it was determined @udly.

UsuallyQo is not known and the only known quantity at theactboundary is the tidal
range of the tidal embayment. A tidal range tiraees was computed for the dominant
tidal period based on observed hourly data fronSe Juan, PR station (NOAA/NOS #
9755371). From that,Qthe total ocean water entering the bay on thedfkide, can be
calculated. @can then be used to calcul&g the volume of new ocean water entering
the embayment on the flood tide by using the otelah exchange ratifd:

Q, =B (7)

wheref is the exchange ratio and @ the total ocean water entering the bay on the
flood tide. The numerical value Bfis usually smaller than 1, and it represents the
fraction of new ocean water entering the embayment.

In general, the exchange ratio values range fr@a0.7 (VDEQ, 2005, Kuo et al.,
1998; Shen et al., 2002). A value of 0.8 was deethe exchange ratio in the Rio
Grande de Anasco system. O1@geis known, therQ, can be calculated from equation

3).
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APPENDIX C: LSPC CALIBRATED INPUT FILE
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¢ LSPC -- Loading Simulation Program, C++
¢ Version 4.01 - Feb 22, 2007
c

¢ Designed and maintained by:

¢ TetraTech, Inc.

¢ 10306 Eaton Place, Suite 340
¢ Fairfax, VA 22030

¢ (703) 385-6000

¢ LSPC MODEL POINT SOURCE INPUT FILE
¢ This input file was created at 00:01:09am on 1/E@07

c
¢ NPT:  Total Number of time series
¢ FUNIT: Unit to convert flow to

¢ WUNIT: Unit to convert water quality
¢ PID:  Point Source D (number for
¢ SUBBASIN: Subbasin ID

¢ PERMIT: Point Source Index (level1)

¢ PIPE:  Point Source Index Qualifier (kye

c

¢ Year Month Day Hour Minute Flow WithDral WQ1 WQ2 WQ3 WQ4 WQ5 WQ6 WQn
¢ NPT FUNUIT WUNIT PID

2 1 1 1 1011
1980 1 1 0 0
2010 1 1 0 0

2 1 1 2 1021
1980 1 1 0 0
2010 1 1 0 0

2 1 1 3 1021
1980 1 1 0 0
2010 1 1 0 0

2 1 1 4 1021
1980 1 1 0 0
2010 1 1 [ 0

2 1 1 5 1031
1980 1 1 0 0
2010 1 1 0 0

2 1 1 6 1031
1980 1 1 0 0
2010 1 1 0 0

2 1 1 7 1041
1980 1 1 0 0
2010 1 1 0 0

2 1 1 8 1051
1980 1 1 0 0
2010 1 1 0 0

2 1 1 9 1061
1980 1 1 0 0
2010 1 1 0 0

2 1 1 10 1061
1980 1 1 0 0
2010 1 1 0 0

2 1 1 11 1071
1980 1 1 0 0
2010 1 1 0 0

2 1 1 12 1071
1980 1 1 0 0
2010 1 1 0 0

2 1 1 13 1081
1980 1 1 0 0
2010 1 1 0 0

2 1 1 14 1081
1980 1 1 0 0
2010 1 1 0 0

2 1 1 15 1091
1980 1 1 0 0
2010 1 1 0 0

2 1 1 16 1101
1980 1 1 0 0
2010 1 1 0 0

2 1 1 17 1111
1980 1 1 0 0
2010 1 1 0 0

2 1 1 18 1121
1980 1 1 0 0
2010 1 1 0 0

2 1 1 19 1122
1980 1 1 0 0
2010 1 1 0 0

2 1 1 20 1122
1980 1 1 ) 0
2010 1 1 0 0

2 1 1 21 1123
1980 1 1 0 0
2010 1 1 0 0

2 1 1 22 1124
1980 1 1 0 0
2010 1 1 0 0

2 1 1 23 1124
1980 1 1 0 0
2010 1 1 0 0

2 1 1 24 1125
1980 1 1 0 0
2010 1 1 0 0

2 1 1 25 1131
1980 1 1 0 0
2010 1 1 0 0

2 1 1 26 1141
1980 1 1 ) 0
2010 1 1 0 0

2 1 1 27 1151
1980 1 1 0 0
2010 1 1 0 0

2 1 1 28 1151
1980 1 1 0 0
2010 1 1 0 0

2 1 1 29 1151
1980 1 1 0 0
2010 1 1 0 0

2 1 1 30 1151
1980 1 1 0 0
2010 1 1 0 0

2 1 1 31 2011
1980 1 1 0 0
2010 1 1 0 0

2 1 1 32 2021
1980 1 1 0 0
2010 1 1 0 0

2 1 1 33 2021
1980 1 1 0 0
2010 1 1 0 0

2 1 1 34 2021
1980 1 1 0 0
2010 1 1 0 0

2 1 1 35 2022
1980 1 1 0 0
2010 1 1 0 0

2 1 1 36 2031
1980 1 1 0 0
2010 1 1 0 0

2 1 1 37 2041
1980 1 1 0 0
2010 1 1 0 0

2 1 1 38 2041
1980 1 1 0 0

record

naa)i

SUBBASIN PERMIT PIPE

septics_1011
0.091347
0.091347
PR0024333
0.004900
0.004900
PRO025283
0.013200
0.013200
septics_1021
0053578
0.053578
PRO025411
0.112000
0.112000
septics_1031
0.043977
0.043977
septics_1041
0.088070
0.088070
septics_1051
0.084336
0.084336
PR0022934
0.003100
0.003100
septics_1061
0144147
0.144147
PRO022951
0.082600
0.082600
septics_1071
0.041068
0.041068
PRO0020583
0.096500
0.096500
septics_1081
0.053710
0.053710
septics_1091
0.109787
0.109787
septics_1101
0.294227
0.294227
septics_1111
0.047010
0.047010
septics_1121
0.004813
0.004813
PR0022926
0.023800
0.023800
septics_1122
0.219416
0.219416
septics_1123
0.074168
0074168
PR0022942
0.027500
0.027500
septics_1124
0.162642
0.162642
septics_1125
0.030413
0.030413
septics_1131
0.344688
0.344688
septics_1141
0.344934
0344934
PRO000353
0.205800
0.205800
PR0023396
0.006400
0.006400
PR0023990
0.539800
0539800
septics_1151
0.293571
0.293571
septics_2011
0.031844
0031844
PR0020214
0533600
0533600
PRO022691
0.007500
0.007500
septics_2021
0.202313
0.202313
septics_2022
0.014895
0.014895
septics_2031
0.060671
0.060671
PRO026271
0.247600
0.247600
septics_2041
0053971

blhour

1
0.000000
0.000000

1

0.000000
0.000000
1

0.000000
0.000000

1
0.000000
0.000000
1

0.000000
0.000000
1

0.000000

0.000000
1

0.000000

0.000000
1

0.000000
0.000000
1

0.000000

0.000000
1

0.000000

0.000000
1

0.000000
0.000000

1
0.000000
0.000000

1
0.000000
0.000000

1

0.000000
0.000000

1
0.000000
0.000000

1
0.000000
0.000000

1

0.000000
0.000000

1
0.000000
0.000000

1

0.000000
0.000000
1

0.000000
0.000000

1
0.000000
0.000000
1

0.000000
0.000000
1

0.000000
0.000000

1
0.000000
0.000000

1

0.000000
0.000000
1

0.000000
0.000000

1
0.000000
0.000000

1

0.000000
0.000000
1

0.000000
0.000000

1
0.000000
0.000000

1

0.000000
0.000000
1

0.000000

0.000000
1

0.000000

0.000000
1

0.000000
0.000000

1
0.000000
0.000000

1
0.000000
0.000000

1

0.000000
0.000000

1
0.000000

9312022796.400000
9311990175.216000

3044729.708471
3044729.708471

7754442650254
7754442650254

5461805613.600000
5461759026.471599

642229.560000
642229.560000

4483068152.400000
4483049293.278001

8977961484.000000
8977947925.820400

8597313043.199999
8597354329.386000

557673.626325
557673.626325

14694518156.399998
14694470549.859600

3780102.535146
3780102.535146

4186521201.600000
4186530376.308001

2187358185.482617
2187358185.482617

5475261852.000000
5475301201.303200

11191818524.400000
11191823825.342400

29993853452.400005
29993828374.864796

4792255812.000000
4792263967.296001

490642995.600000
490624442.301600

132557.893796
132557.893796

22367530339.199997
22367566222.502399

7560774921.600000
7560807848.607599

952527.868974
952527.868974

16579920650.400002
16579946849.288401

3100337715.600000
3100329050.598000

35137908345.600006
35137908651.423599

35162985880.800003
35163018298.101601

37763098.128000
37763098.128000

6489758.818207
6489758.818207

50313292.847202
50313292.847202

29926980025.200001
29926963510.725601

3246215572.800000
3246190393.323600

126113998.894704
126113998.894704

24385.609305
24385.609305

20624029995.599998
20624001452.063999

1518414174.000000
1518424877.826000

6184874545.200001
6184858744.314000

757219.233600
757219.233600

5501868505.200000
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1994 5 16 0 0 0.000000 -20.000000 0.000000
1994 5 17 0 0 0.000000 -20.000000 0.000000
1994 5 18 0 0 0.000000 -20.000000 0.000000
1994 5 19 0 0 0.000000 -126.850000 0.000000
1994 5 20 0 0 0.000000 -25.400000 0.000000
1994 5 21 0 0 0.000000 -225.610000 0.000000
1994 5 22 0 0 0.000000 -45.550000 0.000000
1994 5 23 0 0 0.000000 -397.610000 0.000000
1994 5 24 0 0 0.000000 -20.000000 0.000000
1994 5 25 0 0 0.000000 -20.000000 0.000000
1994 5 26 0 0 0.000000 -20.000000 0.000000
1994 5 27 0 0 0.000000 -175.220000 0.000000
1994 5 28 0 0 0.000000 -20.000000 0.000000
1994 5 29 0 0 0.000000 -20.000000 0.000000
1994 5 30 0 0 0.000000 -20.000000 0.000000
1994 5 31 0 0 0.000000 -20.000000 0.000000
1994 6 1 0 0 0.000000 -20.000000 0.000000
1994 6 2 0 0 0.000000 -20.000000 0.000000
1994 6 3 0 0 0.000000 -20.000000 0.000000
1994 6 4 0 0 0.000000 -20.000000 0.000000
1994 6 5 0 0 0.000000 -20.000000 0.000000
1994 6 6 0 0 0.000000 -20.000000 0.000000
1994 6 7 0 0 0.000000 -20.000000 0.000000
1994 6 8 0 0 0.000000 -20.000000 0.000000
1994 6 9 0 0 0.000000 -20.000000 0.000000
1994 6 10 0 0 0.000000 -20.000000 0.000000
1994 6 1 0 0 0.000000 -20.000000 0.000000
1994 6 12 0 0 0.000000 -20.000000 0.000000
1994 6 13 0 0 0.000000 -20.000000 0.000000
1994 6 14 0 0 0.000000 -20.000000 0.000000
1994 6 15 0 0 0.000000 -20.000000 0.000000
1994 6 16 0 0 0.000000 -20.000000 0.000000
1994 6 17 0 0 0.000000 -20.000000 0.000000
1994 6 18 0 0 0.000000 -302.200000 0.000000
1994 6 19 0 0 0.000000 -20.000000 0.000000
1994 6 20 0 0 0.000000 -20.000000 0.000000
1994 6 21 0 0 0.000000 -20.000000 0.000000
1994 6 22 0 0 0.000000 -20.000000 0.000000
1994 6 23 0 0 0.000000 -20.000000 0.000000
1994 6 24 0 0 0.000000 -20.000000 0.000000
1994 6 25 0 0 0.000000 -20.000000 0.000000
1994 6 26 0 0 0.000000 -20.000000 0.000000
1994 6 27 0 0 0.000000 -20.000000 0.000000
1994 6 28 0 0 0.000000 -20.000000 0.000000
1994 6 29 0 0 0.000000 -20.000000 0.000000
1994 6 30 0 0 0.000000 -20.000000 0.000000
1994 7 1 0 0 0.000000 -20.000000 0.000000
1994 7 2 0 0 0.000000 -20.000000 0.000000
1994 7 3 0 0 0.000000 -20.000000 0.000000
1994 7 4 0 0 0.000000 -20.000000 0.000000
1994 7 5 0 0 0.000000 -20.000000 0.000000
1994 7 6 0 0 0.000000 -20.000000 0.000000
1994 7 7 0 0 0.000000 -20.000000 0.000000
1994 7 8 0 0 0.000000 -20.000000 0.000000
1994 7 9 0 0 0.000000 -20.000000 0.000000
1994 7 10 0 0 0.000000 -20.000000 0.000000
1994 7 1 0 0 0.000000 -20.000000 0.000000
1994 7 12 0 0 0.000000 -20.000000 0.000000
1994 7 13 0 0 0.000000 -20.000000 0.000000
1994 7 14 0 0 0.000000 -20.000000 0.000000
1994 7 15 0 0 0.000000 -20.000000 0.000000
1994 7 16 0 0 0.000000 -20.000000 0.000000
1994 7 17 0 0 0.000000 -20.000000 0.000000
1994 7 18 0 0 0.000000 -20.000000 0.000000
1994 7 19 0 0 0.000000 -20.000000 0.000000
1994 7 20 0 0 0.000000 -20.000000 0.000000
1994 7 21 0 0 0.000000 -44.880000 0.000000
1994 7 22 0 0 0.000000 -20.000000 0.000000
1994 7 23 0 0 0.000000 -54.960000 0.000000
1994 7 24 0 0 0.000000 -20.000000 0.000000
1994 7 25 0 0 0.000000 -20.000000 0.000000
1994 7 26 0 0 0.000000 -20.000000 0.000000
1994 7 27 0 0 0.000000 -20.000000 0.000000
1994 7 28 0 0 0.000000 -20.000000 0.000000
1994 7 29 0 0 0.000000 -20.000000 0.000000
1994 7 30 0 0 0.000000 -20.000000 0.000000
1994 7 31 0 0 0.000000 -20.000000 0.000000
1994 8 1 0 0 0.000000 -20.000000 0.000000
1994 8 2 0 0 0.000000 -20.000000 0.000000
1994 8 3 0 0 0.000000 -20.000000 0.000000
1994 8 4 0 0 0.000000 -20.000000 0.000000
1994 8 5 0 0 0.000000 -20.000000 0.000000
1994 8 6 0 0 0.000000 -20.000000 0.000000
1994 8 7 0 0 0.000000 -20.000000 0.000000
1994 8 8 0 0 0.000000 -20.000000 0.000000
1994 8 9 0 0 0.000000 -20.000000 0.000000
1994 8 10 0 0 0.000000 -71.750000 0.000000
1994 8 11 0 0 0.000000 -20.000000 0.000000
1994 8 12 0 0 0.000000 -20.000000 0.000000
1994 8 13 0 0 0.000000 -20.000000 0.000000
1994 8 14 0 0 0.000000 -20.000000 0.000000
1994 8 15 0 0 0.000000 -20.000000 0.000000
1994 8 16 0 0 0.000000 -20.000000 0.000000
1994 8 17 0 0 0.000000 -20.000000 0.000000
1994 8 18 0 0 0.000000 -20.000000 0.000000
1994 8 19 0 0 0.000000 -20.000000 0.000000
1994 8 20 0 0 0.000000 -37.490000 0.000000
1994 8 21 0 0 0.000000 -20.000000 0.000000
1994 8 22 0 0 0.000000 -20.000000 0.000000
1994 8 23 0 0 0.000000 -20.000000 0.000000
1994 8 24 0 0 0.000000 -20.000000 0.000000
1994 8 25 0 0 0.000000 -20.000000 0.000000
1994 8 26 0 0 0.000000 -20.000000 0.000000
1994 8 27 0 0 0.000000 -79.150000 0.000000
1994 8 28 0 0 0.000000 -20.000000 0.000000
1994 8 29 0 0 0.000000 -20.000000 0.000000
1994 8 30 0 0 0.000000 -93.930000 0.000000
1994 8 31 0 0 0.000000 -20.000000 0.000000
1994 9 1 0 0 0.000000 -20.000000 0.000000
1994 9 2 0 0 0.000000 -20.000000 0.000000
1994 9 3 0 0 0.000000 -20.000000 0.000000
1994 9 4 0 0 0.000000 -20.000000 0.000000
1994 9 5 0 0 0.000000 -20.000000 0.000000
1994 9 6 0 0 0.000000 -20.000000 0.000000
1994 9 7 0 0 0.000000 -20.000000 0.000000
1994 9 8 0 0 0.000000 -20.000000 0.000000
1994 9 9 0 0 0.000000 -20.000000 0.000000
1994 9 10 0 0 0.000000 -20.000000 0.000000
1994 9 1 0 0 0.000000 -20.000000 0.000000
1994 9 12 0 0 0.000000 -20.000000 0.000000
1994 9 13 0 0 0.000000 -20.000000 0.000000
1994 9 14 0 0 0.000000 -20.000000 0.000000
1994 9 15 0 0 0.000000 -20.000000 0.000000
1994 9 16 0 0 0.000000 -71.080000 0.000000
1994 9 17 0 0 0.000000 -20.000000 0.000000
1994 9 18 0 0 0.000000 -192.690000 0.000000
1994 9 19 0 0 0.000000 -20.000000 0.000000
1994 9 20 0 0 0.000000 -20.000000 0.000000
1994 9 21 0 0 0.000000 -20.000000 0.000000
1994 9 22 0 0 0.000000 -20.000000 0.000000
1994 9 23 0 0 0.000000 -20.000000 0.000000
1994 9 24 0 0 0.000000 -20.000000 0.000000
1994 9 25 0 0 0.000000 -20.000000 0.000000
1994 9 26 0 0 0.000000 -34.800000 0.000000
1994 9 27 0 0 0.000000 -20.000000 0.000000
1994 9 28 0 0 0.000000 -20.000000 0.000000
1994 9 29 0 0 0.000000 -45.550000 0.000000
1994 9 30 0 0 0.000000 -87.210000 0.000000
1994 10 1 0 0 0.000000 -20.000000 0.000000
1994 10 2 0 0 0.000000 -20.000000 0.000000
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Assessment Landuse Landuse Area
Subbasin Unit Code Assessment Unit Name Code Description (Acres)
1011 | PRWR83H RIO BLANCO 0 | Water 16.457
1011 | PRWR83H RIO BLANCO 1 | Forest 7994.872
1011 | PRWR83H RIO BLANCO 2 | Agriculture 1682.417
1011 | PRWR83H RIO BLANCO 3 | Pasture 644.278
1011 | PRWR83H RIO BLANCO 4 | Wetland 0
1011 | PRWR83H RIO BLANCO 5 | Barren 10.23
1011 | PRWR83H RIO BLANCO 6 | Urban_HighD_Per 0.111
1011 | PRWR83H RIO BLANCO 7 | Urban_LowD_Per 581.61825
1011 | PRWR83H RIO BLANCO 8 | Urban_HighD_Imp 0.111
1011 | PRWR83H RIO BLANCO 9 | Urban_LowD_Imp 193.87275
1021 | PRWL83H LAGO GUAYO 0 | Water 252.418
1021 | PRWL83H LAGO GUAYO 1 | Forest 4216.383
1021 | PRWL83H LAGO GUAYO 2 | Agriculture 832.646
1021 | PRWL83H LAGO GUAYO 3 | Pasture 521.294
1021 | PRWL83H LAGO GUAYO 4 | Wetland 0
1021 | PRWL83H LAGO GUAYO 5 | Barren 4.67
1021 | PRWL83H LAGO GUAYO 6 | Urban_HighD_Per 0.8895
1021 | PRWL83H LAGO GUAYO 7 | Urban_LowD_Per 263.7045
1021 | PRWL83H LAGO GUAYO 8 | Urban_HighD_Imp 0.8895
1021 | PRWL83H LAGO GUAYO 9 | Urban_LowD_Imp 87.9015
1031 | PRWRS3I RIO PRIETO 0 | Water 4.67
1031 | PRWRS3I RIO PRIETO 1 | Forest 4745.239
1031 | PRWRS83I RIO PRIETO 2 | Agriculture 863.337
1031 | PRWRS3I RIO PRIETO 3 | Pasture 262.426
1031 | PRWRS3I RIO PRIETO 4 | Wetland 0
1031 | PRWRS83I RIO PRIETO 5 | Barren 6.894
1031 | PRWRS83I RIO PRIETO 6 | Urban_HighD Per 0
1031 | PRWRS3I RIO PRIETO 7 | Urban_LowD_Per 150.2835
1031 | PRWRS83I RIO PRIETO 8 | Urban_HighD_Imp 0
1031 | PRWRS3I RIO PRIETO 9 | Urban_LowD_Imp 50.0945
1041 | PRWRS83I RIO PRIETO 0 | Water 131.435
1041 | PRWRS3I RIO PRIETO 1 | Forest 8273.533
1041 | PRWRS83I RIO PRIETO 2 | Agriculture 995.439
1041 | PRWRS3I RIO PRIETO 3 | Pasture 989.212
1041 | PRWR83I RIO PRIETO 4 | Wetland 0
1041 | PRWR&83I RIO PRIETO 5 | Barren 6.672
1041 | PRWRS83I RIO PRIETO 6 | Urban_HighD Per 0
1041 | PRWRS3I RIO PRIETO 7 | Urban_LowD_Per 228.8445
1041 | PRWRS83I RIO PRIETO 8 | Urban_HighD_Imp 0
1041 | PRWRS83I RIO PRIETO 9 | Urban_LowD_Imp 76.2815
1051 | PRWR83H RIO BLANCO 0 | Water 108.751
1051 | PRWR83H RIO BLANCO 1 | Forest 6143.435
1051 | PRWR83H RIO BLANCO 2 | Agriculture 270.877
1051 | PRWR83H RIO BLANCO 3 | Pasture 999.887
1051 | PRWR83H RIO BLANCO 4 | Wetland 0
1051 | PRWR83H RIO BLANCO 5 | Barren 7.117
1051 | PRWR83H RIO BLANCO 6 | Urban_HighD_Per 0.111
1051 | PRWR83H RIO BLANCO 7 | Urban_LowD_Per 183.1425
1051 | PRWR83H RIO BLANCO 8 | Urban_HighD_Imp 0.111
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1051 | PRWR83H RIO BLANCO 9 | Urban_LowD_Imp 61.0475
1061 | PRWR83G RIO GUABA 0 | Water 18.014
1061 | PRWR83G RIO GUABA 1 | Forest 17121.066
1061 | PRWR83G RIO GUABA 2 | Agriculture 1731.121
1061 | PRWR83G RIO GUABA 3 | Pasture 1276.991
1061 | PRWR83G RIO GUABA 4 | Wetland 0
1061 | PRWR83G RIO GUABA 5 | Barren 31.58
1061 | PRWR83G RIO GUABA 6 | Urban_HighD Per 0.111
1061 | PRWR83G RIO GUABA 7 | Urban_LowD_Per 280.88475
1061 | PRWR83G RIO GUABA 8 | Urban_HighD_Imp 0.111
1061 | PRWR83G RIO GUABA 9 | Urban_LowD_Imp 93.62825
1071 | PRWR83F RIO MAYAGUECILLO 0 | Water 0.222
1071 | PRWR83F RIO MAYAGUECILLO 1 | Forest 3644.829
1071 | PRWR83F RIO MAYAGUECILLO 2 | Agriculture 169.242
1071 | PRWR83F RIO MAYAGUECILLO 3 | Pasture 480.373
1071 | PRWR83F RIO MAYAGUECILLO 4 | Wetland 0
1071 | PRWR83F RIO MAYAGUECILLO 5 | Barren 0.667
1071 | PRWR83F RIO MAYAGUECILLO 6 | Urban_HighD_Per 0
1071 | PRWR83F RIO MAYAGUECILLO 7 | Urban_LowD_Per 134.77125
1071 | PRWR83F RIO MAYAGUECILLO 8 | Urban_HighD_Imp 0
1071 | PRWR83F RIO MAYAGUECILLO 9 | Urban_LowD_Imp 44.92375
1081 | PRWRS83E RIO ARENAS 0 | Water 0.445
1081 | PRWRS3E RIO ARENAS 1 | Forest 2567.771
1081 | PRWRS83E RIO ARENAS 2 | Agriculture 171.689
1081 | PRWRS83E RIO ARENAS 3 | Pasture 721.671
1081 | PRWRS83E RIO ARENAS 4 | Wetland 0
1081 | PRWRS83E RIO ARENAS 5 | Barren 14.678
1081 | PRWRS83E RIO ARENAS 6 | Urban_HighD_Per 0
1081 | PRWR83E RIO ARENAS 7 | Urban_LowD_Per 249.027
1081 | PRWRS83E RIO ARENAS 8 | Urban_HighD_Imp 0
1081 | PRWRS83E RIO ARENAS 9 | Urban_LowD_Imp 83.009
1091 | PRWR83C RIO CASEY 0 | Water 0.445
1091 | PRWR83C RIO CASEY 1 | Forest 6013.556
1091 | PRWR83C RIO CASEY 2 | Agriculture 121.205
1091 | PRWR83C RIO CASEY 3 | Pasture 896.918
1091 | PRWR83C RIO CASEY 4 | Wetland 0
1091 | PRWR83C RIO CASEY 5 | Barren 3.336
1091 | PRWR83C RIO CASEY 6 | Urban_HighD_Per 0
1091 | PRWR83C RIO CASEY 7 | Urban_LowD_Per 215.00025
1091 | PRWR83C RIO CASEY 8 | Urban_HighD Imp 0
1091 | PRWR83C RIO CASEY 9 | Urban_LowD_Imp 71.66675
1101 | PRWR83B RIO CANAS 0 | Water 6.227
1101 | PRWR83B RIO CANAS 1 | Forest 5752.242
1101 | PRWRS83B RIO CANAS 2 | Agriculture 134.549
1101 | PRWRS83B RIO CANAS 3 | Pasture 2622.48
1101 | PRWR83B RIO CANAS 4 | Wetland 0
1101 | PRWRS83B RIO CANAS 5 | Barren 19.126
1101 | PRWR83B RIO CANAS 6 | Urban_HighD_Per 2.5575
1101 | PRWRS83B RIO CANAS 7 | Urban_LowD_Per 635.3265
1101 | PRWR83B RIO CANAS 8 | Urban_HighD _Imp 2.5575
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1101 | PRWR83B RIO CANAS 9 | Urban_LowD_Imp 211.7755
1111 | PRWR83D RIO HUMATA 0 | Water 0
1111 | PRWR83D RIO HUMATA 1 | Forest 2378.513
1111 | PRWR83D RIO HUMATA 2 | Agriculture 51.596
1111 | PRWR83D RIO HUMATA 3 | Pasture 510.619
1111 | PRWR83D RIO HUMATA 4 | Wetland 0
1111 | PRWR83D RIO HUMATA 5 | Barren 0.667
1111 | PRWR83D RIO HUMATA 6 | Urban_HighD Per 0
1111 | PRWR83D RIO HUMATA 7 | Urban_LowD_Per 135.60525
1111 | PRWR83D RIO HUMATA 8 | Urban_HighD_Imp 0
1111 | PRWR83D RIO HUMATA 9 | Urban_LowD_Imp 45.20175
1121 | PRWR83A RIO GRANDE DE ANASCO 0 | Water 10.453
1121 | PRWR83A RIO GRANDE DE ANASCO 1 | Forest 405.426
1121 | PRWR83A RIO GRANDE DE ANASCO 2 | Agriculture 17.792
1121 | PRWR83A RIO GRANDE DE ANASCO 3 | Pasture 44.924
1121 | PRWR83A RIO GRANDE DE ANASCO 4 | Wetland 0
1121 | PRWR83A RIO GRANDE DE ANASCO 5 | Barren 0.222
1121 | PRWR83A RIO GRANDE DE ANASCO 6 | Urban_HighD_Per 0
1121 | PRWR83A RIO GRANDE DE ANASCO 7 | Urban_LowD_Per 16.67925
1121 | PRWR83A RIO GRANDE DE ANASCO 8 | Urban_HighD_Imp 0
1121 | PRWR83A RIO GRANDE DE ANASCO 9 | Urban_LowD_Imp 5.55975
1122 | PRWR83A RIO GRANDE DE ANASCO 0 | Water 236.851
1122 | PRWR83A RIO GRANDE DE ANASCO 1 | Forest 10222.601
1122 | PRWR83A RIO GRANDE DE ANASCO 2 | Agriculture 494.606
1122 | PRWR83A RIO GRANDE DE ANASCO 3 | Pasture 2893.135
1122 | PRWR83A RIO GRANDE DE ANASCO 4 | Wetland 0
1122 | PRWR83A RIO GRANDE DE ANASCO 5 | Barren 18.681
1122 | PRWR83A RIO GRANDE DE ANASCO 6 | Urban_HighD_Per 0.667
1122 | PRWR83A RIO GRANDE DE ANASCO 7 | Urban_LowD_Per 572.1105
1122 | PRWRS83A RIO GRANDE DE ANASCO 8 | Urban_HighD_Imp 0.667
1122 | PRWR83A RIO GRANDE DE ANASCO 9 | Urban_LowD_Imp 190.7035
1123 | PRWR83A RIO GRANDE DE ANASCO 0 | Water 128.544
1123 | PRWR83A RIO GRANDE DE ANASCO 1 | Forest 4176.797
1123 | PRWR83A RIO GRANDE DE ANASCO 2 | Agriculture 145.891
1123 | PRWR83A RIO GRANDE DE ANASCO 3 | Pasture 1523.182
1123 | PRWR83A RIO GRANDE DE ANASCO 4 | Wetland 0
1123 | PRWR83A RIO GRANDE DE ANASCO 5 | Barren 2.446
1123 | PRWR83A RIO GRANDE DE ANASCO 6 | Urban_HighD_Per 2.891
1123 | PRWR83A RIO GRANDE DE ANASCO 7 | Urban_LowD_Per 312.7425
1123 | PRWR83A RIO GRANDE DE ANASCO 8 | Urban_HighD _Imp 2.891
1123 | PRWR83A RIO GRANDE DE ANASCO 9 | Urban_LowD_Imp 104.2475
1124 | PRWR83A RIO GRANDE DE ANASCO 0 | Water 68.275
1124 | PRWR83A RIO GRANDE DE ANASCO 1 | Forest 883.797
1124 | PRWR83A RIO GRANDE DE ANASCO 2 | Agriculture 2.446
1124 | PRWR83A RIO GRANDE DE ANASCO 3 | Pasture 1737.349
1124 | PRWR83A RIO GRANDE DE ANASCO 4 | Wetland 0
1124 | PRWR83A RIO GRANDE DE ANASCO 5 | Barren 9.118
1124 | PRWR83A RIO GRANDE DE ANASCO 6 | Urban_HighD_Per 56.266
1124 | PRWR83A RIO GRANDE DE ANASCO 7 | Urban_LowD_Per 255.36525
1124 | PRWR83A RIO GRANDE DE ANASCO 8 | Urban_HighD _Imp 56.266
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1124 | PRWR83A RIO GRANDE DE ANASCO 9 | Urban_LowD_Imp 85.12175
1125 | PRWRS83A RIO GRANDE DE ANASCO 0 | Water 17.124
1125 | PRWR83A RIO GRANDE DE ANASCO 1 | Forest 66.274
1125 | PRWR83A RIO GRANDE DE ANASCO 2 | Agriculture

1125 | PRWRS83A RIO GRANDE DE ANASCO 3 | Pasture 358.278
1125 | PRWR83A RIO GRANDE DE ANASCO 4 | Wetland

1125 | PRWR83A RIO GRANDE DE ANASCO 5 | Barren 2.892
1125 | PRWR83A RIO GRANDE DE ANASCO 6 | Urban HighD Per 17.013
1125 | PRWRS83A RIO GRANDE DE ANASCO 7 | Urban_LowD_Per 15.1785
1125 | PRWR83A RIO GRANDE DE ANASCO 8 | Urban_HighD_Imp 17.013
1125 | PRWRS83A RIO GRANDE DE ANASCO 9 | Urban_LowD_Imp 5.0595
1131 | Unnamed AN-1 0 | Water 28.689
1131 | Unnamed AN-1 1 | Forest 1955.073
1131 | Unnamed AN-1 2 | Agriculture 27.799
1131 | Unnamed AN-1 3 | Pasture 3556.093
1131 | Unnamed AN-1 4 | Wetland

1131 | Unnamed AN-1 5 | Barren 59.157
1131 | Unnamed AN-1 6 | Urban_HighD_Per 254.7535
1131 | Unnamed AN-1 7 | Urban_LowD_Per 655.509
1131 | Unnamed AN-1 8 | Urban_HighD_Imp 254.7535
1131 | Unnamed AN-1 9 | Urban_LowD_Imp 218.503
1141 | Unnamed AN-2 0 | Water 103.859
1141 | Unnamed AN-2 1 | Forest 2539.528
1141 | Unnamed AN-2 2 | Agriculture 22.684
1141 | Unnamed AN-2 3 | Pasture 2790.611
1141 | Unnamed AN-2 4 | Wetland 2.446
1141 | Unnamed AN-2 5 | Barren 154.342
1141 | Unnamed AN-2 6 | Urban_HighD_Per 156.121
1141 | Unnamed AN-2 7 | Urban LowD Per 893.193
1141 | Unnamed AN-2 8 | Urban_HighD_Imp 156.121
1141 | Unnamed AN-2 9 | Urban _LowD Imp 297.731
1151 | Unnamed AN-3 0 | Water 66.496
1151 | Unnamed AN-3 1 | Forest 732.569
1151 | Unnamed AN-3 2 | Agriculture 0.445
1151 | Unnamed AN-3 3 | Pasture 2503.943
1151 | Unnamed AN-3 4 | Wetland

1151 | Unnamed AN-3 5 | Barren 83.621
1151 | Unnamed AN-3 6 | Urban_HighD_Per 190.37
1151 | Unnamed AN-3 7 | Urban LowD Per 533.247
1151 | Unnamed AN-3 8 | Urban_HighD Imp 190.37
1151 | Unnamed AN-3 9 | Urban_LowD_Imp 177.749
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