Initiating Water Quality Sampling of Stormwater Treatment Wetlands
in Galveston Bay Watershed

GLO Contract No. 19-043-000-B0O77

Coastal Management Program- Cycle 23

Prepared by:
Christie Taylor
Texas A&M AgriLife Extension Service
Texas Community Watershed Partners
Stormwater Wetland Program Specialist
August 2020

TEXAS A&M

GRILIFE
EXTENSION

THIS PROJECT IS FUNDED BY A TEXAS COASTAL MANAGEMENT PROGRAM GRANT APPROVED BY THE TEXAS LAND
COMMISSIONER PURSUANT TO NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION AWARD REyNADENGGS4190153.



Table of Contents

Title page

TabIE Of CONTENTES....eieieiiet st sttt e st st b st et st e bt e b st e es et ene et sena 2
TADIE OF FIGUIES...oviitteieeecee ettt et et sbesbeeae e b e et e e e e saesbesasaesaesbensenaessestesnsersaessanes 3
TabIE OF TABIES ..ot e e e e e s e s s s s e e s 4
LiSt Of ADDIrEVIatioNS. ....cc.o i e e s s s 6
ADSTIACT ...ttt e sttt e e h et b e ea bt eae e st en et et ehe st st en et eaenees 7
INEFOAUCTION ...ttt ettt ettt s e s e er s st s s s en e e sen s 7
Background Of SEIECTEA SItES.....cuiiiiiiieieiet sttt st ste st st seesee s se e e e 8
IMMEENOM. ...ttt et et et e s s e b e st s e s e e en e e n e een 10
Field SaMPIiNg PrOCEAUIES.........ccuiirieiieiiece ettt sttt e st e s 15
Automated SaMPIING ProCRAUIES......couii ittt et ettt e st v e ee e sae s 15
SAMPIE LADEIING. ..ttt s st s et s e 16
SAMPIE HANAIINE.....oeeeeieie ettt sttt st e s et e s e s et ebe se e ses s 17
ANAlYLiCal METNOMS. ......cveereet et e s e s e s e e 17
Quality CoNtrol MEhOS........ucvevirecr e e e s e 17
D= ) - OO 18
RESUIES ..t et b st e b e ea et bt et be s e r e eae e 37
CONCIUSIONS..... ettt st e bt e bbb et et ebe st es st eat b sea s et eaeebe st seaneneae 47
Appendices
Appendix A: Field Data Recording SNEEL ..........ovvveiiiice ettt s enes 49
Appendix B: Chain Of CUSTOAY ....occviriiiieierrciiceene ettt stesteeressreer e e e sresaeannsenaes 51
Appendix C: Eastex Lab Bid and Requirement Specifications ........cccceceeecvevesecveiveeeveinnnnes 54
Appendix D: Eastex Laboratory NELAP Accreditations ........cocooevvvervenvenveieieeiinecne s 56
AppendixX E: LAB REPORTS ....oooiiiiiee et ee ettt st st sttt se e e aes st ess s e sneaneaneaneenesneseesees 58

Page 2 of 59



List of Figures

Figure 1.1 Map of Project Sampling LOCATIONS.......ccuiueiiieiriiriiriine vttt st s s e s 9
Figure 1.2 Graph 1.1 UTRP Rainfall Rainfall data from September 2019- February 2020 At UTRP
Sttt ettt ettt ettt st et et et st et b et et ee s s et eae et senen A es e e eRe et eeaReR b et et et eheensesteseneeteneenteseeaneeren 22
Figure 1.3 Graph 1.2 UTRP Flow Level Comparison Flow level data from Inflow 101 (blue)
compared to flow levels from the OUtflow 102 (F&d).....ccceveereieceeeeeeeeee et v 23
Figure 1.4 Graph 2.2 EG Rainfall Rainfall data from December 2019- June 2020........cccccceeveeuuee. 26

Figure 1.5 Graph 2.3 EG Outfall flow level Flow level data from EG Phase 1 Outfall from
DEC.2019-JUNE 2020......ccuueuireiriireereereertereereeeeeerestesaestestesaeseesaesessessessessassessensassensensessessesssssssessensassessanses 27

Figure 1.6 Graph 3.1 PTWB Rainfall Rainfall at PTWB site from March - July 2020 ..................... 30

Figure 1.7 Graph 3.2 PTWB Flow Level Comparison Flow Level comparison from Inflow 301

(blue) compared to Outflow 302 (red) for the period from March - July 2020 .........ccoevveveeeneee. 31
Figure 1.8 Changes in nitrogen and phosphorous at UTRP........ccccovvvvvveiinieneire e v 38
Figure 1.9 Changes in Total suspended solids, E.coli, and Specific conductivity at UTRP............ 38
Figure 1.10 Changes in heavy metals present at UTRP.......cocoviveviinierienieec e 39
Figure 1.11 Changes in dissolved oxygen, pH, and water temperature at UTRP.........cccccevvruereunnns 39
Figure 1.12 Changes in nitrogen and phosphorous levels at Exploration Green............cccccevenee. 40

Figure 1.13 Changes in specific conductivity, total suspended solids and E. coli levels at

(o] [o] = 1A Lol o T G <T<T s OO OO U U U US TR 41
Figure 1.14 Changes in dissolved oxygen and pH at Exploration Green..........coeeeevveevecreereenveennen, 41
Figure 1.15 Changes in pH, DO, and water temp at PTWB......ccooorrieeceeceee e e 42
Figure 1.16 Changes in nitrogen and phosphorous at PTWB.........cccceceieiiininininecneceee e 43
Figure 1.17 Changes in specific conductivity, E.coli, and TSS at PTWB........ccccoeveverrinininenecreenee 43
Figure 1.18 Changes in heavy metals identified at the PTWB Site........coevvvverecieecene e, 44

Page 3 of 59


https://agrilife.org/urbannature/files/2020/05/UTRP-Rainfall.pdf
https://agrilife.org/urbannature/files/2020/05/UTRP-Flow-Level-Comparison.pdf
https://agrilife.org/urbannature/files/2020/08/EG-Rainfall.pdf
https://agrilife.org/urbannature/files/2020/08/EG-Outfall-flow-level.pdf
https://agrilife.org/urbannature/files/2020/08/PTWB-Rainfall.pdf
https://agrilife.org/urbannature/files/2020/08/PTWB-Flow-Level-Comparison.pdf

List of Tables

Table 1.1 LOCation DeSCIIPLION....ciici ittt e e et es et et es st e se e e ae e ane e e eneene 10
Tablel1.2 Experimental Method Summary by LOCAtioN........cccveevricveiveictieiieece et v 12
Table 1.3 SAMPIING ProtOCOl ....c..cviiiiieieiiriietre ettt ettt e e e e es st ss s e sa e ene s 16

Table 1.4 Measurement Performance SPecifiCations.......cccvecviceevreeiiiciinee ettt ereenens 17
Table 2.1: Field Reporting Data for MDA UTRP |0CatioN....cccciviiceiieie e 18
Table 2.2: Lab Results reported for MDA UTRP 10CatiON......ccieeireceieicrectteeeee et e ereenes 19
Table 2.3 Field Reporting Data from EG [0CatioN..........ccueeceve ettt 23
Table 2.4 Lab Results Reported for EG 10CatioN. ..o ceieieeveiicece ettt st eer et e e 24
Table 2.5 Field Reporting Data from PTWB 10Cation.......cccveveiieie et 27
Table 2.6 Lab Report Results for PTWB 10CatioN.........ccvvieieicece et s e 28
Table 2.7 DO (ME/ L) all three 10CatioNS........coeee ettt v er s e eer s ee e eae e 31
Table 2.8 Specific Conductivity (US/cm) all three l0CatioNns .........ccceceiveeeveeieeieseeece e 32
Table 2.9 pH all three 10CatioNS ... 33

Table 2.10 TSS: Total Suspended Solids combined for all 3 l0cations ..........cceeveeivecnreivecesienne. 34

Table 2.11 E.Coli data for all three [0CatioNns ... 34

Table 2.12 Phosphate: Phosphate data for all 3 10Cations ........cceeveeveieccine e e 35

Table 2.13 Ammonia: Ammonia data for all 3 10CatioNs .......cccceeeererirerncire e 35
Table 2.14 Nitrogen: Nitrogen data for all 3 10CatioNs .......ccoceveveve e 36

Table 2.15 Heavy Metals: Data analysis of metals reported in both UTRP and PTWB locations .36

Table 3.1: Initial Analysis of data from MDA UTRP [0CatioN .......ccccovcvvevenenierinrs e 37
Table 3.2: Initial Analysis of data from Exploration Green site l0cations ........cceevvceiveecenceiennenn 40
Table 3.3: Initial Analysis of data from Proton Therapy Wetland Basin site locations ................ 42
Table 3.4 ANAIYSIS OF DO .....ooirieiiieiee ettt et et err s e be st e b sbesaeseaesaes e e saesbesneensaessensennnessenne 44

Page 4 of 59



Table 3.5 Analysis of SPeCific CONAUCTIVITY ..oovirieieceire ettt s eer e e 44

Table 3.6 ANAIYSIS OFf PH ...ttt e e et r e e stesbesaneesansaennean 45
TabIE 3.7 ANGIYSIS OF TSS ..ottt et st sr et e e saeebestesas s besbe e esesteenesrsaessensennes 45
Table 3.8 Analysis Of E. COli Dacteria data ..........cevvvveiiecine et s ere e eereens 45
Table 3.9 Analysis Of PROSPNALE ..ot s st st st s s s e 45
Table 3.10 ANalysis Of AMMONIG c..vcviciereeie ettt et e et sresteeeeerae s be e saessesteensessaessenes 46
Table 3.11 ANalysis Of NItFOGEN ...cc.vcviiece et st st stesr et e s e e e st sreanneeransaans 46
Table 3.12 Analysis of heavy Metals data ... 46

Page 5 of 59



QAPP
BMP
UTRP
PTWB
EG
TCWP
TAMU
Agrilife
TSS
NO2
NO3
DO
TPH
NH3N
Gl

cocC

List of Abbreviations
Quality Assurance Project Plan
Best Management Practices
University Texas Recreation Park
Proton Therapy Wetland Basin
Exploration Green
Texas Community Watershed Partners
Texas A&M University
Agrilife Extension Service
Total Suspended Solids
nitrate
nitrite
dissolved oxygen
total petroleum hydrocarbons
ammonia
Green Infrastructure

Chain of Custody

Page 6 of 59



Abstract

Development pressures in the Lower Galveston Bay Area are leading public officials, developers,
stakeholders and other conservation minded parties to look at Green Infrastructure (Gl), nature based
solutions for stormwater mitigation and water quality improvements. Much has been said in recent
years about the importance of using natural areas to our advantage. The flood mitigation impacts of Gl
are easier to see and often well documented, however it is harder to identify the improvements to
water quality. Water quality takes a look at water chemistry and bacterial levels. This requires testing
and lab analysis of the water. This project looks at the water quality parameters of total suspended
solids (TSS), specific conductivity, E.coli bacteria levels, dissolved oxygen (DO) levels, pH, ammonia,
nitrate and nitrite levels, total phosphorous, other heavy metals and total petroleum hydrocarbons
(TPH). The project samples water at influent (inflow pipes) and effluent (outflow pipes) for three
different constructed stormwater wetland basins in Lower Galveston Bay Watershed sub-watersheds.
Automated ISCO 6712 samplers are used in combination with grab sample methods (were samplers are
not practical) to test stormwater runoff during qualifying rain events of a minimum of 0.1 inches per
hour. Samples were collected and field recorded in notebooks and field data forms. Then the samples
were sent to Eastex Labs for analysis of the previously stated parameters. Lab results were then
tabulated and disseminated through the Texas Community Watershed Partners (TCWP) website a
division of Texas A&M University (TAMU) Agrilife Extension Service (AgriLife). The tables were then
visually charted using bar graph to show the difference in each of the parameters at individual site and
at stormwater wetland projects as a whole. The trends in the charts show that there is some
improvement of water quality seen across all three sites no matter the size or establishment of the
project itself. Which lends support for the practice of stormwater wetlands in general. Further paired t-
test of the influent and effluent sample water quality parameters values from analysis do not show
significant changes at an =0.05 and a 95% confidence level. While we conclude this was a good start to
this study and there are improvements to water quality through stromwater wetlands more study, over
longer durations at more intervals, is needed to address the significance of these improvements.

Introduction

As development increases, so does the requirement for drainage infrastructure, but currently,
standard stormwater basins are ecologically and aesthetically bleak. Stormwater wetlands
provide a method of combining multiple functions into a single site. Gaining data on the
stormwater wetland practice is necessary as the technique is promoted for its multiplicity of
benefits. While the water quantity and flooding benefits are well documented and easily
identified by the public, there is less documentation of the water quality benefits provided by
constructed stormwater wetlands. The project looks at the water quality data aspect of the
stormwater wetland BMP and provide quality and comparable data for this BMP in the lower
Galveston Bay Watershed. This water quality data can help to verify the effectiveness of the
technique, or to guide modifications in the design of subsequent green stormwater
infrastructure prototypes.

Texas Community Watershed Partners (TCWP) as part of the TAMU Agrilife Extension
developed a QAPP (https://agrilife.org/urbannature/stormwater/wetlands/stormwater-
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wetland-water-quality-monitoring-project/) for a water quality monitoring protocol and
sampled three stormwater wetland locations designed and planted by TCWP in the Galveston
Bay Area. The purpose of this project and QAPP is to generate data of acceptable quality to
accurately depict the amount of water quality improvements provided by stormwater wetlands
at the selected demonstration sites within the Galveston Bay Watershed as a model of testing
that can be applied to other project sites in the future.

Background of Selected Sites

A little bit of history on the three sites selected for this project. These sites are located in 2 sub-
watersheds of the Lower Galveston Bay Watershed. The sites were completed at different
times and are in variable states of establishment, they have urban and suburban characteristics
and are of variable sizes.

A. University of Texas Recreation Park MD Anderson Campus (UTRP) Wetland
The University of Texas Research Park stormwater wetland is a 0.33-acre stormwater
wetland basin on the UT MD Anderson Cancer Center’s South Campus in the Texas
Medical Center located near 7510 Bertner Rd. Houston, TX. The basin mitigates a 3 acre
parking lot expansion, and is in the Brays Bayou watershed which is listed as impaired by
the Texas Commission on Environmental Quality (TCEQ). Construction started around
July 2016 with planting being completed in September 2017. This wetland has been
established for 2 years prior to the start of the stormwater wetland water quality
sampling beginning in September 2019.

B. Exploration Green Recreation Park Phase 1 (EG) Stormwater Wetland
Exploration Green Conservation and Recreation Area is transforming the defunct Clear
Lake Golf Course into a stormwater detention facility with five segments ("Phases") each
containing an open water lake, constructed wetlands, habitat island, and walking trails.
The 200-acre site receives stormwater runoff from an approximately 2000-acre
predominantly suburban watershed, which is itself in the Armand Bayou watershed, 303
(d) listed as impaired by the US EPA and TCEQ. Exploration Green Phase 1 is located in
Clear Lake City between Diana Ln and Ramada Dr. The inflow and outflow for this Phase
of the 5 Phase project are located along the Reseda Dr. side of the detention basin.
Phase 1is a 14-acre lake containing 6 acres of wetlands planted 2016-2018. This
wetland was established for roughly 1 year prior to the start of the water quality
sampling beginning in December 2019.

C. Proton Therapy Parking Lot Expansion Wetland Basin MD Anderson South Campus
(PTWB)
The PTWB stormwater wetland is located at the corner of Fannin and Old Spanish Trail
in 1800 block of Old Spanish Trail. This is a 0.62 acre site that collects stormwater from
the parking lot expansion. This site is also located in the Brays Bayou Watershed. This
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site was just completed in June 2019 and recently planted in June 2019 — February 2020.
As these plants are still growing and filling in this wetland space, it has not had time to
establish before the water quality testing began in late February to early March 2020.
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Method

The experimental design of this project aims to demonstrate the effectiveness of constructed
stormwater wetlands as a BMP for improved water quality in stormwater detention. Three
different constructed wetland sites were chosen. The sites are different sizes and at different
stages of establishment. The sites are located in two different sub-watersheds of the Galveston
Bay Watershed, Brays Bayou (MD Anderson sites 1(UTRP) and 3(PTWB)) and Clear Creek
(Exploration Green).

Table 1.1 Location Description

Sample Start End Mode of Sample Monitoring

Location Site code Date Date Sampling Matrix  Frequency
Up to 8x
within 5
MD months;
Anderson Influent 101-# Sg f; ;8'230 automatic water with
UTRP qualifying
rainfall
event
Up to 16x
MD Sept. Feb Vr;/llgglltr;lg
Anderson Effluent 102-# ' " automatic water i '
UTRP 2019 2020 Wlth_ _
qualifying
event
Up to 8x
) within 5
Exploration ]
Grab months;
Green Influent 201-# Nov. - June sample water with
Park 2019 2020 only qualifying
Phase 1 .
rainfall
event
Up to 16x
Exploration within 5
Green Effluent 202 Nov. June automatic water months;
Park 2019 2020 with
Phase 1 qualifying
event
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Up to 8x

MD within 5
Anderson Influent 301 Feb. July automatic water vrci(t):ths;
PTWB 2020 2020 iy
qualifying
rainfall
event
Up to 16x
'IXIIIL within 5
naerson Feb. Jul : months;
PTWB Effluent 302-# 2020 2020 automatic water with
qualifying
event

This experiment compares water quality parameters at the influent and effluent sites of
each basin location. Automated samples were located at the influent and effluent sites
for a minimum of five consecutive months according to the schedule provided in Table
B1.1. 5 -8 samples were collected at each influent site and a maximum of 12 samples
from each effluent site. Samples were collected from the automated samplers within 8
hours after the rainfall event at both the influent and effluent sites for that location.
Then as occasions allowed follow up effluent sample were collected 24-48 hours after
rainfall event. Twenty-four hours for smaller shallow basins and forty-eight hours for the
larger retention basin at Exploration Green. Rainfall amounts were measured using an
ISCO 674 tipping bucket rain gauge at each location. Rainfall amount will be recorded on
the field collection data form. Data collected for storms producing 0.29 inches or more
of rain preceded by a 48-72 hour dry period. At locations 1 and 3 MD Anderson UTRP
and PTWB sites respectively, 4 storm events were tested for the runoff parameters of
heavy metals and TPH. The ISCO 6712 automated sampler with the a 730 bubble flow
meter with accompanying power supply will be secured at the inflow and outflow points
of the constructed wetland and will be used to collect both inflow and outflow
composite samples and flow volume data. There will be at least one modem at each
location, attached to the influent sampler except at EG it was attached to the outflow
sampler because only one sampler was used at this location. The modem allows remote
access to the sampler as well as the capability to send text messages to a dedicated
number when the sampler program initiates and stops to inform the staff when the
sample is ready to be collected and sent to the lab. The use of modems along with
monitoring of the weather reports and predicted rainfall amounts from local sources
will help to insure the specific hold times for samples are not exceeded.
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Tablel.2 Experimental Method Summary by Location

Location

MD
Anderson
UTRP
Basin

Inflow
Volume

Measured
with ISCO
730 bubble
flow meter
attached to
ISCO 6712
automated
sampler
triggered to
collect at 15
minute
intervals
after the
minimum
flow
measure
available is
met. A
450mL
sample will
be taken
every 30
minutes for
the duration
of the storm
event and
composited
ina9L
bottle.

Inflow Pollutant
Concentration

Direct
laboratory
measurements
of composite
samples.

Outflow
Volume

Measured
with ISCO
730 bubble
flow meter
attached to
ISCO 6712
automated
sampler
triggered to

collect at 15

minute
intervals
after the
minimum
flow
measure
available is
met. A
450mL
sample will
be taken
every 30
minutes for
the duration
of the storm
event and
composited
ina9L
bottle.

And the
automated
sampler will
be used to
take
another
sample 24
hours later
Flow
volume will
be recorded

Outflow
Pollutant
Concentration

Direct
laboratory
measurements
of composite
samples.

Means of
computing
Pollution Load
Reduction

Measured

load of inflow
minus
measured

load of outflow
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Exploration
Green
Nature Park
Phase 1

Measured
with ISCO
730 bubble
flow meter
attached to
ISCO 6712
automated
sampler
triggered to
collect at 15
minute
intervals
after the
minimum
flow
measure
available is
met. A
450mL
sample will
be taken
every 30
minutes for
the duration
of the storm
event and
composited
ina9L
bottle.

Direct
laboratory
measurements
of composite
samples.

from the
ISCO 730
bubble flow
meter.

Measured
with ISCO
730 bubble
flow meter
attached to
ISCO 6712
automated
sampler
triggered to
collect at 15
minute
intervals
after the
minimum
flow
measure
available is
met. A
450mL
sample will
be taken
every 30
minutes for
the duration
of the storm
event and
composited
ina 9L
bottle.

And the
automated
sampler will
be used to
take
another
sample 24
hours later
Flow
volume will
be recorded
from the
ISCO 730

Direct
laboratory
measurements
of composite
samples.

Measured

load of inflow
minus
measured

load of outflow
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MD
Anderson
Site 2

Parking Lot
Expansion

Measured
with ISCO
730 bubble
flow meter
attached to
ISCO 6712
automated
sampler
triggered to
collect at 15
minute
intervals
after the
minimum
flow
measure
available is
met. A
450mL
sample will
be taken
every 30
minutes for
the duration
of the storm
event and
composited
ina9L
bottle.

Direct
laboratory
measurements
of composite
samples.

bubble flow
meter.

Measured
with ISCO
730 bubble
flow meter
attached to
ISCO 6712
automated
sampler
triggered to
collect at 15
minute
intervals
after the
minimum
flow
measure
available is
met. A
450mL
sample will
be taken
every 30
minutes for
the duration
of the storm
event and
composited
ina9L
bottle.

And the
automated
sampler will
be used to
take
another
sample 24
hours later
Flow
volume will
be recorded
from the
ISCO 730

Direct
laboratory
measurements
of composite
samples.

Measured

load of inflow
minus
measured

load of outflow
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bubble flow
meter.

Field Sampling Procedures

Field sampling data was documented on Field Data Reporting Form (Appendix B). For all
sampling visits, location id, sampling time, sampling date, sample collector’s name and
signature, rainfall amount, sample volumes, preservatives added to samples are recorded on
the Chain of Custody (COC) form supplied by Eastex labs and attached to the copy of the lab
analysis for record. Values for measured field parameters are recorded on the Field Data
Reporting Form. The field data notebook should also include any visual observations, and time
since last recorded rainfall event, etc. Basic rules for recording information for this project
included

1. Legible writing in indelible, waterproof ink or pencil with no modifications, single
cross-outs, write-overs,

2. Changes should be made by crossing out original entry with 1 single line, entering the
change and initial and date corrections,

An YSI Professional Series multiprobe was used to measure dissolved oxygen (DO), specific
conductance, pH, and water temperature and this data recorded on the field data reporting
form and the field notebook.

Automated Sampling Procedures

Automated samplers will be programmed in accordance with manufacturer user guides for
automatic sampler data collection. At least one sampler per location equipped with modem for
text messaging from sampler to dedicated staff phone number to alert when the sampler
program was running, enabled, done or there was an error with the sampler. Sample bottles
and coolers for sample storage and sample pick up were be provided by the lab and
transported by Agrilife staff on collection days. Sample types, container types, minimum
sample volume, preservation requirements and hold times are specified in Table 1.3. Samples
were collected in one 9 liter composite sample jar and separated into the appropriate sample
containers for transport to the lab. Then staff contacted a courier for pick-up of samples.
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Table 1.3 Sampling Protocol

Parameter

E.coli

TSS

NO3 + NO2

Total
Phosphorus

Ammonia as
N

Heavy
Metals

Mercury

TPH

Sample Labeling

PwwnNpE

Matrix

water

water

water

water

water

water

water

water

Sample
Type

composite

composite

composite

composite

composite

composite

composite

composite

Container

Sterile,
plastic

Plastic or
glass

Plastic or
glass

Plastic or
glass

Plastic or
glass

Plastic

Plastic

Plastic or
glass

Site identification (location id-#)
Date and time collected
Preservative added, if applicable
Sample type(i.e. analysis) to be performed

Preservation

Sodium
Thiosulfate

<6°C
<6°C

Sulfuric acid
<6°C

Sulfuric acid
<6°C

Sulfuric acid
<6°C

Onice
<6°C
Onice
<6°C

Hydrochloric
acid <6°C

Sample
Volume

100ml

1000ml

500ml

500ml

500ml

1000ml

1000ml

40ml
vials
(3%)

Hold Time

24 hours

7 days

28 days

28 days

28 days

6 months

28 days

14 days to
extraction

14 days
from
extraction
to
analysis

Samples from the field were labelled on the container with an indelible marker. Label includes:
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Sample Handling

Samples were collected at the field site after each qualifying rain event by AgriLife staff and
then labeled and appropriately preserved for laboratory analysis. Once preserved, the samples
were packaged in secondary containment, 1-2 gallon ziplock bags and placed in coolers by field
staff according to laboratory specifications. Samples transferred from TCWP to Eastex lab by
courier with proper COC, supplied by laboratory a copy of COC attached in Appendix C.

Analytical Methods

All analytical methods are to follow the Eastex Lab, accredited lab, standard operating procedures for
each of the specified test. Any anomalies in the data were communicated to the Agrilife staff by email
communications and noted on the appropriate lab reports.

Table 1.4 Measurement Performance Specifications

Parameter Units [Matrix Method PAREMETER [AWRL Limit of PRECISION BIAS LOQ Lab
CODE Quantitation
(LOQ (RPD of [(%Rec. of CHECK
LCS/LCSD) LCS) STANDARD
%Rec

Field Parameters (Water Column)

Rainfall Inches |Water gauge 46529 NA NA NA NA NA Field
pH. |water| YSI multiprobe 00400 NA NA NA NA NA Field
units

pH
mg/L |water| YSImultiprobe 00300 NA NA NA NA NA Field

DO

Conductivity [ uS/cm |water| YSI multiprobe 00094 NA NA NA NA NA Field

Flow Gallons [water| ISCO flow meter NA NA NA NA NA Field

Temperature| °C |wWater| YSI multiprobe NA NA NA NA NA Field

Conventional Parameters (Water)

Ammonia-N | mg/L [water SM 4500-N G 00610 0.1 0.02 20 80-120 70-130 Eastex

T-PO4-P mg/L |water| SM 4500-P E 00665 0.06 0.06 20 80-120 70-130 Eastex

TPH mg/L |water TCEQ 1005 NA NA NA NA NA NA Eastex

Heavy mg/L |water EPA 200.8 NA NA NA NA NA NA Eastex

metals

Mercury mg/L |water EPA 245.1 NA NA NA NA NA NA Eastex

NO3 +NO2 mg/L |water[ SM 4500-NO3 F 00630 0.05 0.02 20 80-120 70-130 Eastex

E.coli water |ldexx Laboratories 31699 1 NA 0.5 NA NA Eastex

Colilert 18
TSS mg/L |water SM2540 D 00530 4 1 20 80-120 NA Eastex

Quality Control Methods

Equipment records are kept on all field equipment and a supply of critical spare parts is
maintained by the AgriLife Extension Field Supervisor and documented in the field notebook.
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All laboratory tools, gauges, instruments and equipment testing and maintenance requirements
are contained within the Eastex laboratory QAMs. Testing and maintenance records are
maintained and available from the lab.

All instruments and devices used in obtaining environmental data will be calibrated prior to use
as needed. Calibration methods are contained in the manufacturer’s instruction manuals. YSI
multiprobes will be calibrated before sampling and monthly after sampling begins. Calibration
reagents are stored at TCWP offices. The reagents are catalogued as they are received and used.
Instruments are rinsed with clean distilled water between uses and stored according to
manufacturer instructions.

Data

Data was collected in a field notebook and paper field recording data sheets. All notes, field
methods, programming changes, battery test and site visits are recorded in the field notebook.
Along with all field data recorded on the paper field data sheets. Field data sheets were also
scanned and stored both as paper copies in the binder and electronic copies in shared folders
and posted to the stormwater wetland water quality webpage on the TCWP website at the link
below:

https://agrilife.org/urbannature/stormwater/wetlands/stormwater-wetland-water-quality-
monitoring-project/

Data collected from both the field and the lab test are compiled in the following tables (Table2.1-
2.15).

Table 2.1: Field Reporting Data for MDA UTRP location

MDA  Rainfall Al

UTRP  Amount 1€MP- 420 Temp. (°C) DO (mg/ L) Specific Conductivity
. (uS/cm)

Wetland (inches/hr) (°C)

samplin Outflow Outflow Outflow Outflow

EvenFt)s 9 Inflow Outflow Follow Inflow Outflow Follow Inflow Outflow Follow Inflow Outflow Follow
up up up up

9/27/19 0.46 29 28,5 27.2 NA 77 5.9 NA 112 1289 NA 10.64* 10.88* NA

10/21/19 UNK 23 NA 231 NA NA 6.2 NA NA 139 NA NA 10.39* NA

10/25/19 UNK 11 NA 16.8 NA NA 7.9 NA NA 90.2 NA NA 8.6* NA
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11/7/19

11/8/19

12/10/19

12/11/19

1/9/20

1/11/20

1/13/20

1/28/20

1/29/20

2/6/20

2/7/20

Table 2.2: Lab Results reported for MDA UTRP location

MDA UTRP Wetland
Location

Repo
rting
Limit

0.11

0.00

0.03

0.00

0.02

0.13

0.01

0.02

0.00

0.01

0.00

Sampling Events ID

19

17

11

12

23

16

17

15

13

11

Nitrogen (mg/L)

0.02

Ammonia (mg/L)

0.1

195

15

20.2

17.7

14.6

16.5

7.4

TSS (mg/L)

18.9

141

NA

16.9

15

16.1

7.6

E. coli (mpn/100ml)

10

14.2

13

NA

NA

NA

151

8.4

Total Phosphate
(mg/L)

0.06

9.6

10.3

8.2

9.5

11.4

10.4

13.9

Arsenic (mg/L)

0.000

5

8.2

8.8

NA

9.2

12.4

9.9

14.0

Barium (mg/L)

0.003

10.3

7.4

NA

NA

NA

13.6

9.6

Cadmium (mg/L)

0.001

61.9 64.7 - 10.48* 8.5* -
- - 2753 - - 16.29*
133.4 1499 - 9.88* 8.51* -
- - 181.8 - - 16.33*
260.4 NA NA 7.47 NA NA
80.6 734 NA 8.04 7.22 NA
140 147.8 NA 7.71 7.08 NA
80.8 146 - 7.99 7.17 -
- - 1659 - - 7.21
86.3 2122 - 7.35 7.47 -
- - 205.8 - - 7.13
2 o ~
E 3 B e . %
£ € 3 2 E <
S ~= > s © 7 o
= g = L E ® F
S 8 2 1) =
g 5§ 5
5 =
0.003 0 0.0002 0.005 0.0005 4.9-5
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9/27/
2019

10/21
/2019

11/7/
2019

11/8/
2019

12/10
/2019

12/11
/2019

1/11/
2020

Inflow

Outflo

Exta

Inflow

Outflo
w

Follow
up

Inflow

Outflo

Follow
up

inflow

outflo
w

UTRP
101-1

UTRP
102-1

UTRP
102-2

UTRP
101-2

UTRP
102-3

UTRP
102-4

UTRP
101-3

UTRP
102-5

UTRP
102-6

UTRP
101-4

UTRP
102-7

0.38

0.15 <0.1

0.24 <0.1

0.08 4.1

<0.02 0.8

0.77

0.1

0.17

0.2

0.02

0.1

0.21

0.2

0.08 <0.1

<0.1

<0.1

2.9

2.4

2.4

18

35

2.3

12.1

3.2

15.8

12

2.6

<10

2600

350

31

110

24

10

906

121

63

323

001

<1.00 0.0114 <0.001
0.000

<1.00 0.0312 <0.001
77

0.347
<0.0

<0.02 0.0136 <0.001
005
<0.0

0.0471 0.019 <0.001
005

0.0258
0.00

<0.06 0.0237 <0.001
151
0.00

<0.06 0.0371 <0.001
0686

<0.06
0.00

<0.06 0.00811 <0.001
0895
<0.0

<0.06 0.0161 <0.001
005

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

<0.003

0
<0.0002 <0.00

5 <0.000 <4.983

5 39
<0.00 <0.000 <4.901
<0.0002 <0.005
05 961
0.001 <0.000
<0.0002 <0.005 <4.95
<4.92*
0.000 <0.000
<0.0002 <0.005 5 correct
ed
0.001 <0.000
<0.0002 <0.005 5 <5.0
<0.00 <0.000
<0.0002 <0.005 5 <5.0
<0.00 <0.000
<0.0002 <0.005 5 <5.0
<0.00 <0.000
<0.0002 <0.005 5 <5.0
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1/13/ UTRP

Inflow 056 <01 84 85 <0.06
2020 101-5
outflo  UTRP
0.11 05 4 10 <0.06
w 102-8
1/28/ UTRP
Inflow 0.48 0.1 3 <10 <0.06
2020 101-6
outflo  UTRP
0.09 <0.01 23 63 <0.06
w 102-9

1/29/ Follow UTRP
0.04 0.3 6.8 <10 <0.06
2020 up 102-10

2/6/2 UTRP

Inflow 0.44 0.2 12.2 <10 <0.06
020 101-7
Outflo UTRP
0.02 <0.1 8.4 473  <0.06
w 102-11

2/7/2 Follow UTRP
020 up 102-12

<0.02 0.5 7.9 10 <0.06

Rainfall amount from each of three locations depicted below in Figures 1.2, Figure, 1.4, and Figure
1.6 for UTRP, EG, and PTWB respectively. This information was recorded by the ISCO automated
sampler and download from the instrument and graphed using the ISCO Flowlink software. Rain
fall amount varied by event and time during events.

Flow level data was also recorded by the ISCO automated samplers for each site collected by the
samplers. This data is also graphed in the ISCO Flowlink software and depicted in Figures 1.3, 1.5,
and 1.7 for UTRP, EG, and PTWB respectively.
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Rainfall (9.460 in):0.00

0.55

0.50-

0.45-

0.40-{

0.35-

0.30-

n

0.25

0.20+

0.15-

0.10+

0.05-

2019

Oct

Rainfall UTRP

Flowlink 5

L
W Lk

1

MNov Dec
9/2/2019 12:00:00 AM - 2/10/2020 12:00:00 AM

L

It
Jan 2020

Figure 1.2 Graph 1.1 UTRP Rainfall Rainfall data from September 2019- February 2020 At UTRP Site
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UTRP Flow Levels (ft.)
Flowlink §

06 Inflow Level:0.05 Outflow Level (0.015 ft):0.05

0.5
04
=03
0.2 ‘

0.1

] I
0 | L l|| L1 i | | [ |!.|.dJ...; L...L |

0.8

0.6

0.4

0.2

(i Rt S8 S T \ \ B TSI | 5, EA L 5 N B M,

Oct Nov Dec Jan 2020 Feb
2019 9/2/2019 12:00:00 AM - 2/10/2020 12:00:00 AM

Figure 1.3 Graph 1.2 UTRP Flow Level Comparison Flow level data from Inflow 101 (blue) compared to
flow levels from the Outflow 102 (red)

Table 2.3 Field Reporting Data from EG location

i1 Ar
Exploration H20 Temp. e o
Green emp. DO (mg/ L) pH (Spse/((::lrf:; Conductivity
Wetland (o) (°C) H
Samplin Outflow Outflow Outflow Outflow
EvenF'Zs g Inflow Outflow Follow Inflow Outflow Follow Inflow Outflow Follow Inflow Outflow Follow
up up up up

12/10/19 11 175 160 151 84 83 8.1 46 6.9 9.52 3144 2244 276.2

1/11/20 13 171 183 N/A 84 8.2 N/A 7.38 7.76 N/A 237.0 326.3 N/A
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1/13/20

1/28/20

4/5/20

4/20/20

4/29/20

5/6/20

5/13/20

6/24/20

16

18

22

16

20

28

22

29

16.5

17

23.9

22.7

25

26.5

26.8

28.3

16.9

15.6

20

23.1

24.1

26.5

25.1

29.9

N/A

14.4

N/A

N/A

N/A

N/A

N/A

N/A

Table 2.4 Lab Results Reported for EG location

Exploration
Green
Wetland

Reporting
Limit
Date

12/10/19

12/10/19

12/12/19

Location

Inflow

Outflow

Follow up

Sampling
Events ID

EG 201-1

EG 202-1

EG 202-2

86 8.6 N/A
116 95 7.8
7.3 82 N/A
6.6 54 N/A
75 7.9 N/A
6.3 7.5 N/A
7.3 6.3 N/A
8.0 93 N/A

Nitrate + Ammonia

Nitrite as

N as N

0.02 mg/L 0.1 mg/L

0.42

0.42

0.37

0.1

0.2

0.5

7.36 7.75

7.99 6.99

769 7.21

8.35 741

8.12 7.71

8.36 7.61

7.95 7.58

8.03 8.04

TSS

1.0 mg/L

139

24.0

26.0

N/A 264.9 297.8 N/A

7.42  328.4 318.2 306.9

N/A 405.9 1359 N/A

N/A 428.5 422.6 N/A

N/A 434.9 353.4 N/A

N/A 464.2 419.8 N/A

N/A 469.6 455.3 N/A

N/A 279.6 257.4 N/A
E coli Total

' Phosphorous

10 mpn/100 0.06 mg/L

mL

4880 0.118

24200 0.141

<10 0.101
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1/11/20

1/11/20

1/13/20

1/13/20

1/28/20

1/28/20

4/29/20

4/29/20

05/06/20

05/06/20

05/13/20

05/13/20

06/24/20

06/24/20

Inflow

Outflow

Inflow

Outflow

Inflow

Outflow

Inflow

Outflow

inflow

outflow

Inflow

Outflow

Inflow

Outflow

EG 201-2

EG 202-3

EG 201-3

EG 202-4

EG 201-4

EG 202-5

EG- 201-5

EG-202-7

EG 201-6

EG 202-8

EG 201-7

EG 202-9

EG 201-8

0.26

0.23

0.23

0.2

0.46

0.40

1.87

2.73

0.05

0.02

0.03

0.05

0.03

EG 202-10 0.02

0.1

0.1

<0.1

0.3

<0.1

0.1

<0.01

0.2

0.1

0.1

<0.1

<0.1

<0.1

<0.1

20.6

23.2

24.4

15.6

31.9

19.1

34.0

23.2

54.0

15.6

66.4

18.0

31.2

20.0

4110

24200

4610

2610

2280

426

12000

3260

24200

638

8660

771

9210

6130

0.153

0.118

0.149

0.0624

0.156

0.126

0.149

0.141

0.150

0.163

0.113

0.142

0.140

0.158
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Exploration Green Phase 1 Raimnfall from Dec.2019 through June2020

Flowlink 5

Rainfall (3.340 in):0.00

0.354

0.30+

0.254

0.20+
=

0.15+

0.10+

0.05+

L .‘.‘Il ‘.I 1 ML

T
Jan 2020

Feb Mar

Apr

May

12/1/2019 12:00:00 AM - 6/1/2020 12:00:00 AM

Figure 1.4 Graph 2.2 EG Rainfall Rainfall data from December 2019- June 2020

Jun
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Explortion Green Outfall Flow Level Data Collected Dec. 2019-June2020
Flowlink 5

Level (0.241 m):0.61

8.5

6.0+

55

5.0+

45

4.0+

£ 35

3.0+

——— | — Ty rl,—'L z»__l .

1
T T T T
Jan 2020 Feb Mar Apr May Jun
12/1/2019 12:00:00 AM - 6/1/2020 12:00:00 AM

Figure 1.5 Graph 2.3 EG Outfall flow level Flow level data from EG Phase 1 Outfall from Dec.2019-June
2020

Table 2.5 Field Reporting Data from PTWB location

Rainfall  Air Specific
PTWB H20  TemMP. h5 img/L)  Conductivity pH

Amount  Temp.
Wwetland — inchesihn (o) () (uS/cm)

Sampling

Event Inflow Outflow Inflow Outflow Inflow Outflow Inflow Outflow
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4/28/2020 0.03

4/29/2020 0.08

5/6/2020 0.04

5/15/2020 0.07

6/22/2020 0.11

7/22/2020 0.03

31

21

19

22

22

27.7

25.7

20.2

24.5

24.8

25.3

30.1

N/A

21

24.3

25.1

26.5

29.6

7.9

8.8

7.4

8.2

6.9

6.8

N/A

9.2

8.3

8.2

8.4

Table 2.6 Lab Report Results for PTWB location

MDA PTWB Wetland

Location

Reporting
Limit

Date

4/29/2020 Inflow

Sampling Events ID

PTWB 301-1

2 3
g &

©
& 5
=
E E
zZ <
0.02 0.1
117 0.1

TSS (mg/L)

7.3

)
QL
©

) <

E &

Q ]

S <

d o

c

S

£

=S

6 —

o 8
. °

L ~

Arsenic (mg/L)

fmnll\

Barium (mg/L)

312.2 N/A
128.5 133.1
126.1 109.2
89.9 101.9
102 119.1
260.1 206.4
- -

g £

E 5

E 5

[0 =

O O

8.75

8.33

8.61

8.49

8.51

8.76

Lead (mg/L)

N/A

8.33

8.56

8.83

7.74

8.67

Mercury (mg/L)

Selenium (mg/L)
Silver (mg/L)
TPH (mg/L)

10 0.06 0.0005 0.003 0.001 0.003 0.0005 0.0002 0.005 0.0005 5

<0.0
161
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<0.0

4/29/2020 Outflow 2.26 <0.1 51.2 9800 6

PTWB 302-1

N

3 <0.0 <0.00 0.0052 <0.000 <0.00 <0.000
5/6/2020 Inflow ® 11 0.2 12 733 0.00171 0.0191 <0.0005 <5.0

o 6 1 9 2 5 5

=

'_

a

o

S <0.0 <0.00 0.0045 <0.000 <0.00 <0.000
5/6/2020 Outflow © 0.58 0.1 24.8 1920 0.00159 0.0274 0.0008 <5.0

o 6 1 1 2 5 5

=

'_

a

@

S <0.0 0.0099 <0.00 0.0030 <0.000 <0.00 <0.000
5/15/2020 Inflow ™ 0.13 <0.1 16.8 1300 0.00098 <0.0005 <5.0

Q 6 6 1 2 2 5 5

=

[

a

N4

N

o <0.0 <0.00 0.0048 0.00077 <0.000 <0.00 <0.000
5/15/2020 Outflow ® 0.11 <0.1 4.5 4840 0.00133 0.0239 <5.0

o 6 1 2 4 2 5 5

=

'_

[a

<

. S <0.0 0.00051 0.0058 <0.00 <0.000 <0.00 <0.000

6/22/2020 inflow ™ 012 <01 14 20 <0.003 <0.0005 <5.0

o 6 7 9 1 2 5 5

=

'_

a

i

S <0.0 <0.00 0.0037 <0.000 <0.00 <0.000
6/22/2020 outflow < 0.24 <0.1 3.6 10 0.00152 0.0255 <0.0005 <5.0

@ 6 1 0 2 5 5

=

'_

a

o

g
7122/2020 Inflow g

=

[

a
7/22/2020 outflow £

o

™

as)

=

'_

a
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Rainfall for PTWB Location from February 2020-July2020
Flowlink 5

Rainfall (13.690 in).0.00

0.50+

0.40+

0.35+

0.30+

in

0.25+

0.20+
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o NI T I (A P |
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2020 2/Ti2020 12:00:00 AM - 8/7/2020 12:00:00 AM

Figure 1.6 Graph 3.1 PTWB Rainfall Rainfall at PTWB site from March - July 2020
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PTWB Flow Level Changes

Inflow Level (0.003 m):0.00

Flowlink 5

Qutflow Level (0.022 m):

m
o
o
w

1
T
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| WU

|

W \
\W,W\\ Y

1 AN

ay u
2/23/2020 12:00:00 AM - 7/23/2020 12:00:00 AM

T
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Figure 1.7 Graph 3.2 PTWB Flow Level Comparison Flow Level comparison from Inflow 301 (blue)
compared to Outflow 302 (red) for the period from March - July 2020

Data for all sites divided by specific parameters tabulated in Tables 2.7-2.15 below.

Table 2.7 DO (mg/ L): all three locations

Sampling
Events

9/27/2019
11/7/2019
12/10/2019
1/9/2020

1/11/2020

MDA UTRP Wetland

101 102
Inflow  Outflow
1.7 5.9

9.6 8.2
10.3 8.8

8.2 9.2

9.5 124

Exploration Green Phase 1

102 201
Follow up Inflow

10.3

7.4 8.4

8.4

202 202

Outflow

8.3

8.2

8.1

Follow up Inflow

MDA Proton Therapy
Wetland

302
Outflow
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1/13/2020 11.4 9.9 8.6

1/28/2020 10.4 9.9 13.6 11.6
2/6/2020 13.9 14 9.6

4/5/2020 7.3
4/20/2020 6.6
4/29/2020 7.5
5/6/2020 6.3
5/13/2020 7.3
5/15/2020

6/22/2020

6/24/2020 8
7/22/2020

Table 2.8 Specific Conductivity (uS/cm): all three locations

8.6

9.5

8.2

5.4

7.9

7.5

6.3

9.3

MDA UTRP Exploration

Wetland Green Phase 1

follow

Sampling 0 outflow up Inflow Outflow

Events
9/27/2019 112 1289

11/7/2019 619 64.7 2753
11/8/2019
12/10/2019 133.4 1499 1818 3144
1/11/2020 80.6 73.4 326.3
1/13/2020 140 147.8 297.8
1/28/2020 80.8 146 165.9 3284
2/6/2020 86.3 212.2 205.8
4/5/2020 405.9

224.4
237
264.9
318.2

135.9

7.8
8.8 9.2
7.4 8.3
8.2 8.2
6.9 6
6.8 8.4
MDA Proton
Therapy
Wetland
follow

Inflow Outflow

276.2

306.9
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4/20/2020
4/29/2020
5/6/2020
5/13/2020
5/15/2020
6/22/2020
6/24/2020
712212020

Table 2.9 pH all three locations

Sampling Inflow Outflow

Events

9/27/2019 10.64* 10.88*
11/7/2019 10.48*
12/10/2019 9.88*

1/11/2020
1/13/2020
1/28/2020
2/6/2020
4/5/2020
4/20/2020
4/29/2020
5/6/2020
5/13/2020
5/15/2020
6/22/2020
6/24/2020
712212020

MDA UTRP

Wetland

8.04
7.71
7.99
7.35

follow

428.5
434.9
464.2
469.6

279.6

422.6
353.4
419.8
455.3

257.4

Exploration

Green Phase 1

Inflow Outflow

8.5* 16.29*
8.591* 16.33* 4.6*
1.22 7.76
7.08 7.75
17 721 7.99
747 713
7.69
8.35
8.12
8.36
7.95
8.03

6.9*
7.38
7.36
6.99

7.21
741
7.71
7.61
7.58

8.04

follow

9.52*

7.42

128.5
126.1

89.9
102

260.1

133.1
109.2

101.9
119.1

206.4

MDA Proton
Therapy
Wetland

Inflow Outflow

8.33
8.61

8.49
8.591

8.76

8.33
8.56

8.83
7.74

8.67
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Table 2.10 TSS: Total Suspended Solids combined for all 3 locations

TSSInflowOutflowDifference

2.9
1.8
121
1.2
8.4
3
12.2
139
20.6
24.4
31.9
34
54
66.4
31.2
7.3
12
16.8
1.4
33.2

Table 2.11 E.Coli data for all three locations

E. coli

2.4
3.5
3.2
2.6
4
2.3
8.4
24
23.2
15.6
19.1
23.2
15.6
18
20
51.2
24.8
4.5
3.6
3.9

0

31
10
63
85

0
0

4880
4110
4610
2280
12000
24200

0.5
-1.7
8.9
-1.4
4.4
0.7
3.8
115
-2.6
8.8
12.8
10.8
38.4
48.4
11.2
-43.9
-12.8
12.3
-2.2
29.3

Inflow Ouflow Difference
2600
110
906
323
10
63
473
24200
24200
2610
426
3260
638

-2600
-79
-896
-260
75
-63
-473
-19320
-20090
2000
1854
8740
23562
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8660
9210
161
733
1300
20
10

771
6130
9800
1920
4840

10
0

7889
3080
-9639
-1187
-3540
10
10

Table 2.12 Phosphate: Phosphate data for all 3 locations

Phosphate Inflow Outflow Difference

0
0.118
0.153
0.149
0.156
0.149

0.15
0.113
0.14

0.0471 -0.0471
0.141 -0.023
0.118  0.035
0.0624 0.0866
0.126 0.03

0.141  0.008
0.163 -0.013
0.142  -0.029
0.158 -0.018

Table 2.13 Ammonia: Ammonia data for all 3 locations

AmmonialnflowOutflowDifference

0
0.1
0.2

0
0.1
0.2
0.1
0.1

0
0
0

0.1

4.1
0.2
0
0.5
0
0
0.2
0.1
0.3
0.1
0.2
0.1

-4.1
-0.1
0.2
-0.5
0.1
0.2
-0.1
0
-0.3
-0.1
-0.2
0
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0.1 0 0.1
02 01 0.1
0.1 0 0.1
0.1 0 0.1

Table 2.14 Nitrogen: Nitrogen data for All 3 locations

Nitrogen Inflow Outflow Difference
0.19 0.38 -0.19
0.24 0.08 0.16
0.77 0.17 0.6
0.21 0.08 0.13
056 0.11 0.45
0.48 0.09 0.39
0.44 0.02 0.42
042 042 0
0.26 0.23 0.03
023 0.2 0.03
046 04 0.06
1.87 2.73 -0.86

05 0.02 0.48
0.03 0.05 -0.02
0.03 0.02 0.01
1.17 2.26 -1.09

11 0.58 10.42
0.13 0.11 0.02
012 0.24 -0.12
0.13 0.02 0.11

Table 2.15 Heavy Metals: Data analysis of metals reported in both UTRP and PTWB locations

Lead
inflow 0 0.0014 0.00131 0 0 0 0 0
outflow 0 0.000643 0 0 0.0008 0.000774 0 0

difference 0 0.000777 0.00131 0 -0.0008 0 0

0.000774

Arsenic
Inflow 0.00137 0 0.00151 0.000895 0.00171 0.00098 0.000517 0.00316
Outflow 0.000777 0 0.000686 0 0.00159 0.00133 0.00152 0.00213
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Difference 0.000593

Barium
Inflow
Outflow 0.0312
Difference -0.0198

0

0.019

0.000824 0.000895 0.00012 -0.00035

0.0371

0.0161 0.0274 0.0239
-0.0054 -0.0134 -0.00799 -0.0083 -0.01394 -0.01961 0.0065

-0.001 0.00103

0.0114 0.0136 0.0237 0.00811 0.0191 0.00996 0.00589 0.056

0.0255 0.0495

All the data tables are also available on the stormwater wetland water quality webpage.

Results

The initial analysis of each site date was to average the parameter values recorded for each
site. The averages are recorded in Tables 3.1-3.3for the site UTRP, EG, and PTWB respectively.
Then bar charts were created to show the differences between the influent and effluent
samples. The charts for UTRP are shown in Figures 1.8-1.11. The charts created for EG are
shown in Figures 1.12-1.14. The charts from the last location PTWB are shown in Figures 1.15-

1.18.

Table 3.1: Initial Analysis of data from MDA UTRP location

Nitrogen

Inflow
Mean 0.413
Values

Outflow
Mean 0.133
Values

Inflow
Mean Subset 0.483
Values

Outflow
Mean Subset 0.090
Values

(mg/L)
Ammonia

0.09

0.69

0.10

1.08

(mg/L)

TSS (mg/L)

5.9

3.8

73

4.4

(mpn/100ml)

E. coli

27.0

640.7

10.3

388.0

Total
Phosphate
(mg/L)

0.179

0.171

0.040

0.049

Arsenic (mg/L)
Barium (mg/L)

0.000944 0.014203

0.000366 0.02585

Cadmium (mg/

L)

NR

NR

Chromium (mg

]

NR

NR

Mercury (mg/L)
Silver (mg/L)

Selenium (mg/
L)

Lead (mg/L)

0.000683 NR NR NR

0.000161 NR NR NR
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Follow
Up Mean Subset 0.020 0.10 5.7 38.8 0.044
Values

Changes in Nitrogen and
Phosphate Levels

gy e 0.179 (0171 =2

NITROGEN (MG/L) AMMONIA (MG/L) TOTAL
PHOSPHOROUS
(MG/L)

® Inflow = Outflow

Figure 1.8 Changes in nitrogen and phosphorous at UTRP

TSS, E.coli Concentrations and
Specific Conductivity

TSS (MG/L) E. COLI (MPN/100 ML) SPECIFIC CONDUCTIVITY
(MS/CM)

® Inflow = QOutflow

Figure 1.9 Changes in Total suspended solids, E.coli, and Specific conductivity at UTRP
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Changes in Heavy Metal
Levels

L

ARSENIC (MG /L) BARIUM (MG/L) LEAD (MG/L)

¥ Inflow m Outflow j

Figure 1.10 Changes in heavy metals present at UTRP

L

Changes in DO, pH, and Water
Temp.

DO (MG/L) PH WATER TEMP. (°C)

® Inflow m Outflow

Figure 1.11 Changes in dissolved oxygen, pH, and water temperature at UTRP

Page 39 of 59



Table 3.2: Initial Analysis of data from Exploration Green site locations

Mean ] . . Total
Nitrogen Ammonia TSS E. Coli

Values Phosphorous

Inflow 0.475 0.0375 50.2 8743.8 0.141

Outflow 0.509 0.125 19.8 7779.4 0.1314

Difference -0.034 -0.0875 30.4 964.38 0.0096

Nitrogen and Phosphorous
Changes at Exploration Green

DO

7.98

7.94

0.04

NITROGEN AMMONIA TOTAL
PHOSPHOROUS

® Inflow = Outflow

Figure 1.12 Changes in nitrogen and phosphorous levels at Exploration Green

Specific

... PH
Conductivity
374.96 8
308.89 7.5
66.07 0.5
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| Specific Conductivity TSS and
Ecoli Changes at Exploration
Green

TSS E. COLI SPECIFIC
= Inflow = Outflow  CONDUCTIVITY

Figure 1.13 Changes in specific conductivity, total suspended solids and E. coli levels at Exploration
Green

Dissolved Oxygen and pH Changes
in Exploration Green

¥ Inflow = Outflow

Figure 1.14 Changes in dissolved oxygen and pH at Exploration Green
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Table 3.3: Initial Analysis of data from Proton Therapy Wetland Basin site locations

NO2
ifi E. Total .
Mean specific .. pH Water & NH3N = TSS Arsenic Barium Chromium Lead
Values Conductivity temp. NO3 coli Phosphate
Inflow 7.62 141.32 8.54 2498 251 0.1 444833140 0.00159175 0.0227375 0.0020775 0
Outflow  8.02 133.94 8.426 253 0.6420.02 3314 176 0 0.0016425 0.031575 0.0040925 0.0003935
Diff © 738 0.114 -0.32 1.87 0.08 . 3296 0 i ) -0.00202 -0.000394
Erence 4 29 2869 0.00005075 0.0088375

Change in pH, DO and Water

20 Temp for PTWB sites
25
20
15
CHE N
. ' Water temp.

M Inflow = Oufflow

Figure 1.15 Changes in pH, DO, and water temp at PTWB
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Changes in Nitrogen, Ammoniaq,
and Total Phosphate at PTWB

sites
3
2
A
. —

NO2 & NO3 NH3N Total Phosphate

H Inflow m Outflow

Figure 1.16 Changes in nitrogen and phosphorous at PTWB

Changes in Specific
Conductivity, E.coli and Total
Suspended Solids at PTWB site

3500
3000
2500
2000
1500
1000

500

O I [ — -

Specific Conductivity E. coli TSS

M Inflow m Outflow

Figure 1.17 Changes in specific conductivity, E.coli, and TSS at PTWB
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Changes in 4 Heavy Metals at
the PTWB sites.

0.035
0.03
0.025
0.02

0.015
0.01
0.005 .
O I |

Arsenic Barium Chromium Lead

H Inflow ® Outflow

Figure 1.18 Changes in heavy metals identified at the PTWB site

Further analysis of the data was done by conducting paired t-test for each of the parameters
identified in the previous tables combining all the results from the three project sample
locations, two project sample locations for the heavy metal parameters. The results for the
paired t-test with an alpha =0.05 and a 95% confidence level are reported in the following
Tables 3.4-3.12. These tests show no significant change in any of the parameters identified.

Table 3.4 Analysis of DO:

Inflow Outflow difference
average 9.0793103 8.772414 0.306897
t-test 0.3485493
t-crit 2.048

Table 3.5 Analysis of Specific Conductivity:

inflow outflow difference
average 219.8714 217.6214  2.25

ttest ) a89651
score

o oo
critical
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Table 3.6 Analysis of pH:

inflow outflow difference
average 8.053333333 7.624762 0.428571
t-score 0.00004577348

t

. 2.086
critical

Table 3.7 Analysis of TSS:

TSS: Inflow  Outflow Difference
sum 513.8 273.1 240.7
mean 25.69 13.655 12.035
t-test  0.095284

t-crit 2.093

Table 3.8 Analysis of E. coli bacteria data

coii Inflow Outflow Difference
sum 72363 83290 -10927
mean 3618.15 4164.5 -546.35
t-test 0.792677

Accept HO: no

t-crit  2.093
change

Table 3.9 Analysis of Phosphate:

Phosphate Inflow Outflow Difference
sum 1128 1.0985 0.0295
mean  0.125333 0.122056 0.0032778

t-test 0.817973

Accept HO: no

t-crit 2.306
change
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Table 3.10 Analysis of Ammonia:

Ammonia Inflow Outflow Difference
sum 1.4 5.9 -4.5
mean  0.0875 0.36875 -0.28125
t-test  0.294446
t-crit 2.131

Accept HO: no change

Table 3.11 Analysis of Nitrogen:

Nitrogen Inflow  Outflow Difference
sum 19.24 821  11.03
mean  0.962  0.4105 0.5515
t-test  0.308727

torit 2003  AcceptHOInO

change

Table 3.12 Analysis of heavy metals data:

Lead sum mean t-test
inflow 0.00273  0.00034125 0.805643
outflow  0.002217 0.000277125
difference  0.000513 0.000064125

Arsenic sum mean t-test
Inflow  0.010142 0.00126775 0.325361
Outflow  0.008033 0.001004125
Difference 0.002109 0.000263625

Barium sum mean t-test
Inflow 0.14776 0.01847 0.011817
Outflow 0.2297 0.0287125

t-crit
2.365

t-crit
2.365

t-crit
2.365
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Difference -0.08194  -0.0102425

There were 8 heavy metal parameters tested, only four parameters gave any results over the
reporting limit the other parameters were not reported by the lab. Also, there were no
incidences of TPH reported for the samples tested at either of the locations.

Conclusions

In conclusion Agrilife found that this is a good start to some baseline information on constructed
stormwater wetlands in the Lower Galveston Bay Watershed. We found trends to improving water
quality in all three project locations, not dependent on the size or establishment of the stormwater
wetland. We saw decreases in specific conductivity, pH, TSS, phosphate, nitrogen, chromium, lead,
arsenic. While these are promising improvements, the t-test results do not let us reject the null
hypothesis, no change between the inflow and outflow samples. We saw increases in ammonia levels.
While no definitive causes were identified, this could be due to increased habitat and bird activity in
stormwater wetlands. We also saw an increase in E. coli bacteria at the outflow locations. This could be
a result of the longer hold times in stormwater sampling from the traditional 8 hours for water quality to
24 hours for our stormwater samples. Most samples were test | well under the 24- hour limit. We know
bacteria can live longer on sediment and other surfaces so if there are more significant decreases in TSS
the bacterial amounts may also decrease, but the data from this study show bacteria are not closely
correlated to the amount of suspended solids. It is also thought that animals typically do not use the
restroom on the concrete parking lot surfaces, the sources of the runoff in the inflow pipes. So it is
thought that the increases are from surface flow off the grass areas rather than the inflow pipes. We
saw increases in barium from the two sites that were tested for heavy metal parameters. We do not
know why this is the case but it could be tied to location, being in the medical center. Maybe there are
more sources we are unaware of in this location. These findings make a case for more sampling to be
added in these and other stormwater wetland projects in the area over a longer duration to try to
identify differences seasonally and prove the trends merit more of these types of green infrastructure
projects.
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Appendix A: Field Data Recording Sheet
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Field Data Recording Sheet

Date: Collected By:
Location: Event #:

Rainfall Water Specific Bottle
SiteID: | |Amount | |AirTemp.| [Temp. Do Conductance pH 24 Hr. |48Hr. Collected #:

Field Observations:
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Appendix B: Chain of Custody
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Appendix C: Eastex Lab Bid and Requirement Specifications
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j..:‘ T3 SRR
LAl PO Box 1050 Coldspring, Texas 77331

Chnisting Taylor March &, 2018
Falension Program Specialist

Stormwaler Wellands Program

Texes Community Watcrshed Pariners

Texas AsM Aprilile Exlension Service

Response for Bid — Texas Community Walershed Partners Stormwater Guality Project
Grant Award Mumber NA |RNOS4190153

Thank vou for the apporianity W bid on vour amalvses,

Eastex Environmental Laboratory is very familiar with the analysis requitements for this task. We are an
approved Clean River Program Laboratory and have been meeting the bacleriolopgical helding times for theae
projects in the Houston/Galveston area. We have 3-4 Field Technicians in the Houston/Galveston area daily
and coordinate sample plek-up for similar tasks regulacly.

We pre TN aceredited, HUB Certified laboratory and have been servicing the Houston/Galveston area for
the past 32 years meeling our clienls analylical needs, Fastex FEnviropmental performs all iems in te tasks
at our fueilities under our scope of aeereditation, All analyrieal procedures will be condueted accarding
NELAL procedures, EPA Standards, AWW A and TCEQ guidelines. The procedures include the following,
as a minimum requirement; comparisons against known standards in each run; one in ten sample doplicates
and & monthly review against known spiked samples. Detection Limits will be our normal reparting limits
unless otherwise specified by project requirements, The price includes sample bottles, pick-up, coalers as
needed and delivery of data

Enclosed wou will find the fallewing;

Seotion | — Bid Documents
fid Specification with Scope of Services,
Scetion 2 - HUB Certificate,

Dince again, thank you for this opporlunily. 1 vouw need any additional information or any further assistance,
please foel free o call me at 936-633-3249 or 1-800-525-0508. You muy alsa visit our veehsite at

wwwy eslexlabs.com |
Hespectfully,

Hebdeo, Handd]

Kathleen Harrott, Technical Director, Eastex Environmental Labkoratory, Tne.
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Appendix D: Eastex Laboratory NELAP Accreditations
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TEnAS COMMISSION G ENVIRONMENTAL OUATITY
Frodectin 12msy Iy Bedweliy aind Freeennmg ez
Araust O, 2018
Sime B0 q4%27 el
CERTIFIEL MAL t A0 4%27 LUils 9739 kY

Ma. Tiftany Cuerrern

Laytex Environmoniai Taborstory, Inc. - Coldspring
[0, oz 209

Cedelspring, Ih Fra3l-1054

e Arpendionent applicalion

Near M Goarrere;

Gased an the amendmest eedpuest sulmicted o Agpril 93, 2018, [ 4o enclosing an
npdated NCLAF accrediration eeritficate and Bwlils of Avoeditalion Lsting. They
replace thie provious anes Efaed on ovemiler 01, 2007
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pwereditalion is valid antil the expirztion dare o the cerrificate arel scupe, condinger
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Appendix E: LAB REPORTS

See the lab report links at the follow website
https://tcwp.tamu.edu/stormwater/wetlands/stormwater-wetland-water-quality-monitoring-project/

https://tcwp.tamu.edu/files/2020/02/UTRP101-1.pdf

https://tcwp.tamu.edu/files/2020/02/UTRP102-1.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-101-2.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-2.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-3.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-4.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-101-3.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-5.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-101-4.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-6.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-7.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-101-5.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-8.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-9.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-101-6.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-10.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-11.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-101-7.pdf

https://tcwp.tamu.edu/files/2020/04/UTRP-102-12.pdf

https://tcwp.tamu.edu/files/2020/04/EG-201-1.pdf

https://tcwp.tamu.edu/files/2020/04/EG-201-2.pdf

https://tcwp.tamu.edu/files/2020/04/EG-201-3.pdf
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https://tcwp.tamu.edu/stormwater/wetlands/stormwater-wetland-water-quality-monitoring-project/
https://tcwp.tamu.edu/files/2020/02/UTRP101-1.pdf
https://tcwp.tamu.edu/files/2020/02/UTRP102-1.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-101-2.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-2.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-3.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-4.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-101-3.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-5.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-101-4.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-6.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-7.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-101-5.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-8.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-9.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-101-6.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-10.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-11.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-101-7.pdf
https://tcwp.tamu.edu/files/2020/04/UTRP-102-12.pdf
https://tcwp.tamu.edu/files/2020/04/EG-201-1.pdf
https://tcwp.tamu.edu/files/2020/04/EG-201-2.pdf
https://tcwp.tamu.edu/files/2020/04/EG-201-3.pdf

https://tcwp.tamu.edu/files/2020/05/EG-201-4.pdf

https://tcwp.tamu.edu/files/2020/05/EG201-5.pdf

https://tcwp.tamu.edu/files/2020/06/Eg-201-6.pdf

https://tcwp.tamu.edu/files/2020/06/EG-201-7.pdf

https://tcwp.tamu.edu/files/2020/07/EG-201-8.pdf

https://tcwp.tamu.edu/files/2020/04/EG-202-1.pdf

https://tcwp.tamu.edu/files/2020/04/EG-202-2.pdf

https://tcwp.tamu.edu/files/2020/04/EG-202-3.pdf

https://tcwp.tamu.edu/files/2020/04/EG-202-4.pdf

https://tcwp.tamu.edu/files/2020/04/EG-202-5.pdf

https://tcwp.tamu.edu/files/2020/04/EG-202-6.pdf

https://tcwp.tamu.edu/files/2020/05/EG202-7.pdf

https://tcwp.tamu.edu/files/2020/06/EG-202-8.pdf

https://tcwp.tamu.edu/files/2020/06/EG-202-9.pdf

https://tcwp.tamu.edu/files/2020/07/EG-202-10.pdf

https://tcwp.tamu.edu/files/2020/05/PTWB-301-1.pdf

https://tcwp.tamu.edu/files/2020/07/PTWB-301-2.pdf

https://tcwp.tamu.edu/files/2020/06/PTWB-301-3.pdf

https://tcwp.tamu.edu/files/2020/07/PTWB-301-4.pdf

https://tcwp.tamu.edu/files/2020/08/PTWB-301-5.pdf

https://tcwp.tamu.edu/files/2020/05/PTWB-302-1.pdf

https://tcwp.tamu.edu/files/2020/07/PTWB-302-2.pdf

https://tcwp.tamu.edu/files/2020/06/PTWB-302-3.pdf

https://tcwp.tamu.edu/files/2020/07/PTWB-302-4.pdf

https://tcwp.tamu.edu/files/2020/08/PTWB-302-5.pdf
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https://tcwp.tamu.edu/files/2020/05/EG-201-4.pdf
https://tcwp.tamu.edu/files/2020/05/EG201-5.pdf
https://tcwp.tamu.edu/files/2020/06/Eg-201-6.pdf
https://tcwp.tamu.edu/files/2020/06/EG-201-7.pdf
https://tcwp.tamu.edu/files/2020/07/EG-201-8.pdf
https://tcwp.tamu.edu/files/2020/04/EG-202-1.pdf
https://tcwp.tamu.edu/files/2020/04/EG-202-2.pdf
https://tcwp.tamu.edu/files/2020/04/EG-202-3.pdf
https://tcwp.tamu.edu/files/2020/04/EG-202-4.pdf
https://tcwp.tamu.edu/files/2020/04/EG-202-5.pdf
https://tcwp.tamu.edu/files/2020/04/EG-202-6.pdf
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