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A4 PROJECT/TASK ORGANIZATION

TCEQ
Ficld Operations Suppoyt Division

Kyle Girten

Fead NPS QA Specialist

Assists the TCEQ Project Manager in QA related issues. Serves on planning feam for NPS
projects. Participates in the planning, development, approval, implementation, and mainienance
of the QAPP. Determines conformance with program guality system tequirements, Coordinates
or performs audits, as deemed necessary and using a wide variety of assessment guidelines and
tools. Provides a point of contact at the TCEQ to resolve QA issues. Recommends to TCEQ
management that work be stopped in order to safe guard project and programmatic objectives,
worlker safety, public health, or environmental protection.

Water Quality Planning Division

Kerry Migmann, Tean Leader

NPS Program

Responsible for management and oversight of the TCE(Q NPS Program. Oversees the
development of QA. guidance for the NPS pragram to bé sure it is within pertinent frameworks of
the TCEQ. Monitors the effectiveness of the program quality system. Reviews and approves all
NPS projects, internal QA audits, corrective actions, reporis, work plans, and contracts. Ensures
NP5 personnel are fully trained and adequately staffed

Jelfl Foster

TCEQ NPS Project Manager

Maintains a thorough knowledge of work activities, comzpitraents, deliversbles, and time frames
associated with projects. Develops lines of communication and working relationships between
the contractor, the TCEQ, and the EPA. Tracks deliverables to ensure that tasks are completed
as specified in the contract. Responsible for ensuring that the project deliverables are submitted
on time and are of acceptable quality and quantzty to achieve project objectives. Serves on
planning team for NPS projects. Participates in the development, approval, implementation, and
maintenance of the QAPP., Assists the TCEQ QAS in fechnical review of the QAPP.
Responsible for verifying that the QAPP is followed by the contractor.

Anjm Chalise

NPS Onality Assuranee Specialist

Assists Lead QAS with NPS QA management. Serves as linison between NPS management and
Agency QA management. Responsible for NPS guidance development related to program
quality assurance. Serves on planning team for NP8 projects. Participates in the developrent,
approval, implementation, and maintenance of the QAPP.
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Aransas County

David J. Reid, P.E,

Aransas County Project Manager and QAQ

Responsible for ensuring tasks and other requirements in the contract are executed on time and
are of acceptable quality. Monitors and assesses the qualify of work. Coordinates attendance for
conference calls, training, meetings, and related project activities with the TCEQ. Mests with
NEI staff throughout project as needed to oversee project.

NET

NEI Project Manager

Craig B. Thempson, P.E.

Responsible fot ensuring tasks and other requirements on the contractor side are executed on
time and are of acceptable quality. Monitors and assesses the quality of work. Provides input on
model selection and implementation. Netifies Aransas County Project Manager of circumstances
that may adversely affect guality of data derived from modeling efforis, Meets with TCEQ,
Aransas County, LDP and ACR, staff as needed. Coordinates development and implementation
of QA Program.

NELI QAD

Dave E. Sullivan, NEI Monitering QAD

Responsible for writing and maintaining the monitoring QAPP. Responsible for maintaining
written records of sub-tier commitment to requirements specified in the QAPP. Responsible for
maintaining records of monitoring QAPP distribution, including appendices and amendments.
Responsible for identifying, teceiving and maintaining project quality asswrance records.
Responsible for coordinating with Aransas County QAO and TCEQ QAS to resolve QA related
issues. Notifies the NEI Project Manager and TCEQ Project Manager of particular
circumstances which may adversely affect the quality of monitoring data.

LDP

LIDP Projeet Manager, QA{, and modeler

Linda D. Pechacek, P.E.

FEnsures project oversight on contractor side is consistent with QAPP requirements as refated to
modeling QAPP and communicates project status fo NEI Projeet Manager and NEI Moenitoring
QAQ. Provides input on model selection and implementation. Notifies the NEI Project Manager
and/or the NEI QAO of circumstances that may adversely affect the quality of data derived from
the modeling efforts. Helps coordinate planning activities and works with other project team
members. Responsible for ensuring that proper methods and protocols are followed for all LDP
and ACR activities related to this effort. Manages production of final modeling resulfs, meets
with NEI, Aransas County, TCEQ and ACR staff as needed, Responsible for the transfer of
quality assured modeling data to NEI Project Manager for submittal to TCEQ.
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ACR

Modeling Data Manager and Lead Modeler

A. Charles Rowney, Ph.D., D.WRE, (L.LDP Associate / ACR)

Responsible for ensuring that processes are in place to enable proper entry of data into
spreadsheets or alternative electronic storage systems, and that the selected fmodel is emplayed in
a manner that is techmr;:ally valid and congistent with its intended purpose and capabilities.
Coordinates and mairiiains records of data verification and validation. Oversees interpolation of
flow data, preparation and operation of model, calibration and validation procedures.

The Grant Connection

Aramsas County Data Manager
Greg Harlan

Responsible for acquiring all laboratory data from project team members (monitoring data
covered under separate QAPP) and modeling dafa results and ensures data are submitted
according to TCEQ with Quarterly Reports. Provides the point of contact for the TCEQ Data
Manager to resolve issues related to the data,

T.S. EPA Region 6

Leslie Rauscher

EPA Project Officer

Responsible for managing the CWA Section 319 funded grant on the behalf on EPA. Assists the
TCEQ in approving projects that are consistent with the management goals designated under the
State's NPS management plan and meet federal guidance. Coordinates the review of projeet work
plans, draft deliverables, and works with the State in miaking these items approvable, Meets with
the State at least semi-annually to evaluate the progress of each project and when conditions
permit, participate in a site visit on the project. Fosters communication within EPA by updating
management and others, bath verbally and in writing, on the progress of the State's program and
on other issues as they arise, Assists the regional NPS coordinator in tracking a State’s annual
progress in its management of the NPS program. Assists in grant close-out procedures ensuring
all deliverables have been satisfied prior to closing a grant,
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AS PROBLEM DEMINITION/BACKGROUND

PROBLEM STATEMENT _

Sediments and pollutants associated with sediment are primary polivtants of cencem in Tule
Creek and, its recelying waterway, Little Bay, The goal of this project is to better characterize
solids present in Tule Creek”s runoff. Two objectives of this goal —stosmwater monitering and
the sediment fap pond monitoring - are addressed in a separate QAPP. The objective of this
QAPP is to provide QA of modeling data and results.

The modeling effort is part of a larger NPS project and is not related to a TMDL or WPP
modeling_ effort. 'While this modeling effort is at a very small scale and hes a small scope, there
is a need for 4 limited effort applied to assessment of sediments o gain better understanding of
facility performance as an aid to confirming sizing and operation, in particular, the likely cycle
of sediment build up and removal. Therefore, a simplified continuous simulation model will be
constructed, based on available local data, to evaluate these factors. The paragraphs below
deseribe the physical context of the project, and the chosen model.

BACKGROUNDINFORMATION

Arensas Cownty is located in the Coastal Bend area of South Texas, sitiated northeast of Corpus
Christi. The County is typified by flat slopes and sandy soils in the urban areas. The population
of Aransas County has increased significantly over the past 50 years and will continue to
increase. This increase is threatening the pristine environment and rich quality of life. The
County is situated along a flat coastal plain surrounded by seven bays. The three inland bays,
Copano, Port and Mission Bays, located in western Aransas County, currently have a bacteria
TMDL study in progress. The othet bay systerds located generally east of Aransas County meet
the state’s water quality standards. Aransas County and the City of Rockport are not included in
an urbanized area as defined by the US Census and do not have regulated mumicipal separate
storm sewer (MS4) systems, As a result, these local governments are not required to have a
TCEQ municipal storm water permit.

The growth in population of both permsnent and part-time residents is fueling development
pressures which pose a serious threat to the quality of the wetlands, wildlife habitats, and water
resources that make the region attractive. As more and more land is converted to residential or
commercial uses, the potential for water quality degradation is increased.

This threat is most obvious in Little Bay, a shallow bay within the corporate boundaries of the
City of Rockport that historically has supported a productive fishery, large flocks of wintering
waterfowl, and large populations of nesting water birds. Tt is used year round with a variety of
water-based recreation, including kayaking, boat pier and wade fishing, swimming, windsurfing,
and birding. Water quality studies conducted by MA-NERR. in Little Bay have documented high
levels of nitrogen loading and reduced salinity attributed to stormwater cutflows. These
conditions are further exacerbated by poor water exchange between Little Bay and Aransas Bay.
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At present in Little Bay, a substantial delta is growing immediately downstream of Tuls Creelc’s
outfall, Erosion and construction activity are the primary activities that have contributed to this
sediment accumulation in Little Bay. Sediments and pollutants associated with sediment are
primaty pollutants of concern found in Tule Creek and Little Bay.

Tule Creek is a 2,100 acre watershed that discharges both stormwater drainage and WWTP
effluent insto Little Bay. The stream drains areas of the City of Rockport, the Town of Fulton, and
areas of Aransas County outside the jurisdiction of either municipality. The Tule Creek
watershed is urbanizing, and all governmental entitics in Afansas County are involved in a
coaperative effort to protect Litile Bay. Thete is consensus among these entities that the Tule
Creek drainage and pollution of Little Bay are top-priority concerns.

In Aransas County, the Tule Creek watershed exhibits some of the changes to the hydrologic
cycle components described above as a result of development. Tt was reconfigured and enlarged
to better drain the urbanizing part of the watershed and discharge excess runoff downstream.
The growing delta fan directly downstream of the Tule Creek discharge point into Liitle Bay is
indicative of active erosion and sediment transport processes. Less obvious is the notion that as
the flow line of a creek is deepened in a sandy bank system like Tule Creek, dewatering of creek
banks, shallow water bearing sapds and surface water depressions may oceur and alter the
various natural habitats and ecosystems that existed prior to development, affecting infiltration
and shallow aguifer recharge. ‘

Aransas County, along with the City of Rockport, Aransas County Navigation District, and the
Town of Fulton, are cooperatively developing a regional storm water master plan, the Aransas
County Regional Stormwater Management Plan (Plan). The Plan includes tmplementing storm
water controls within the priority Tule Creek watershed. The program’s approach is to integrate
stormwater quantity and quality concerns with ecologieal habitat considerations to help guide
land development, construction, and stormwater runoff requirements. The proposed project will
help accomplish a decrease in the discharge of sediment and pollutant-clad sediments transported
info Little Bay while helping to preserve the ecelogical integrity of the creek system through the
removal of selected imvasive species. It also introduces a regional and low maintenance
approach toward water guality enhancement.

However, detailed local water guality information for Tule Creek is very limited. Data from
other part of the country must be used to broadly assess water quality constituents, pollutant
removal rates and long-term performanee of stormwater quality control facilities. The County is
very unique when compared to the rest of the country, and using data derived from other areas of
the country does not adequately assess local characteristics.

This portion of the coastal plain is generally devoid of riverine or ereck systems because of the
flat topography. Runoff is captures in pothole depression storage aveas. Potholes are water-
holding depressions that coliect direct rainfall and stormwater runoff from shallow basin
drainage areas and provide storage and infiltration opportunities. If enough runoff has been
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captured, the water level within the depression area will rise and cascade over the edge and flow

away towards a lower elevation, such as another depression area, swale or other flow path to the
receiving salt flat, marsh, or bay.

Since it i§ the long term behavier of sediments that iz of primary interesf, a continuous

simulation model will be used to track the system response continuously over time. Ths selected

model must have the ability to represent the contributing watershed, the BMP, and potentially the.

channgl linking the two. It must also be able to represent flow and sediments carried by that
flow, on a continuous basis. Finally, it must be a model that can be deployed and applied in the
context of this project, namely a rapid and low Ievel of effort, and ope with only basic
information on runoff relationships and on sediment generation. A model which is suitable for
this condition is QUALHYMO."

QUALHYMO’s capability to simulate many processes with the added capsbility to use the
rainfall record differentiafés it from spreadsheet caleulator models that operate by inputting the
average annual rainfall value as the injtial step to calculate generated pollutant loads of various
selected parameters for 2 scenarios - with and without a BMP in place.

QUALHYMO Model

QUALHYMO uses a derivative of the 8CS method that enables finer/denser spatial resolution
and temporal variability than the SCS method. The SCS method is effective in many situations,
but is Hmited in that it is generally applied with a limited choice of antecedent moisture
conditions (three cases, representing dry, wet and average conditions).’The basic approach to
watershed hydrology that has been used in QUALHYMO is to view the rainfall runoff process as
a series of multiple events that influence cach other in succession, with antecedent moisture
varying continuously from event to event as a result. This provides a more realistic response to
varying dryness in the watershed over time.

The volumetric calculation is based on the following relation:

(P—Ia)
(P-Ia+S)

where

Oy =

P =rain volume (mm or ins)

T = initial abstraction (mm or ins)
v = runoff volume fmm of ing)
& =loss parameter {mm or ins)

This is the original SCS relation

In the SCS method, the initial abstraction was taken as a constant fraction of the S parameter:

T QUALHYMO USER Manua! and Documentation, Version QUALHYMOOZ77vlc, March, 2008 (Appendix D).
NRCS.Part530 Hydralagy, Chapier 10 Estimation of Direct Runoff from Storm Runoff, July 2004.
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and the S parameter was related to a curve number:

g 1000
CN

QUALHYMO builds on this approach by letting the initial abstraction and S parameter vary
continuously. In wet weather, the initial abstraction is reduced by moistare, and in dry weather it
recovers due to evaporation. The § parameter varies between a maximum and mintmum value,
as a function of an antecedent preeipitation index.

S =58 + (S —Suin ) €Xp(~ES x API)
where
8 . = the minimum value of §

S ~ the maximum value of 8

sK = a parameter

The antecedent precipitation index ifself varies according to precipitation, and a reduetion factor
representing recovery:

APL, =kAPIx API + P

where
API =the antecedent precipitation index &t some time j
P™"'=the precipitation falling between time 7 and / +1
kAPl = a reduction factor (0 < k4PI <1)

In short, both of the key parameters (initial abstraction and the loss parameter 8) are much more
variable inm QUALITYMO, in response to prevailing moisture conditions, This makes the model
an effective choice for long term simulations (for which the model was designed) when siich
variations can be important in determining rainfall/munoff relationships.

The model itself wili be used in this study by applying three commands, namely the
GENERATE, REACH and POND commands, as follows:

Watershed Areas

The object of this project is not to assess flows i the watershed, but to address conditions that
may arise in the sediment frap. However, the amount of measured flow data that will be
available is anticipated {0 be inadequate as a basis for evaluating conditions in the trap itself.
Therefore, a simulated flow fecord will be needed to drive the simulation in the trap. To do this,
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the watershed above and below the conflugnce west of Highway 35 will be simulated with the
GENERATE command. The command will be applied in two major sub-watershed areas, one
north and one south of the confluence. A third small area, between the confluence and the
sediment trap, will also be simulated. TS$ data, infiltrometer data and piezometer data (all
parameters collected under a separate monitoring QAPP) will be used fo estimate the infiltration
rate which may be possible in this area. The piezometer data will be used to verify the prevailing.
depth of water below the watershed sutface. The iofiltrometer data will be used to estimate the
maximum infiltration rate. Land surface characteristics (slope, length and ares, ete.) will be
obtained from the subcatchment delineation done in the course of hydrelogic and hydraulic
modeling by the County for the Tule Creek Watershed.?

This will provide an estimate of flow that will drive the simulation of the sediment trap just
upstream of Highway 35.

Channel Sections

As with the watershed area simulation, the objective of this project is not to evaluate in-stream
conditions. However, there will need to be some mechanism for routing flows from the
watershed to the sediment trap. This will be done using the REACH command. A single
channel section will likely be all that is needed for presemt purposes, extending from the
confluence to the sediment trap. The two major sub-watershed areas will be applied to the
upstream end of that reach, and the smaller area between the confluence and the sediment trap
will be applied along its length.

The Sediment Trap

This is the focus of the analysis. The watershed and chammel sections discussed above will
provide 2n estimated flow series that will need to be routed through the sediment frap. The trap
itself will be simulated with the POND command, Basic characteristics of the POND command
application will be as follows:

e Sediment approaching the frap will be simulated by applying concentrations measured in
the monitoring program, and flows simulated as noted above,

e Sediment will be simulated as removed by discrete seitling.

The trap will be simulated as completely mixed.
The depth/area relationship for the trap will be based on the design pond geometry which
will be obtained from the design drawings during the course of the project,

o  The depth/outflow relationship far the trap will be based on the constricted geometry at
the trap outlet, using a standard broad crested weir relationship which will be developed
during the course of the analysis.

e No operated gates, overflows or bypasses will be simulated. They are all within the
capabilities of the model, but will not be physically present in this case.

* Naismith Engineering Inc.,, Tule Creek Watershed Project Report, Aransas Couint Stormwater Management Plan,
August 2, 2010,
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o No exfilttation losses from the irap will be simulated, This is within the capabilities of
the model, but the low elevation and perenivially saturated conditions mean that
substantial losses will be associated with this term.

Results to be delivered will include estimates of inlet and outlet flow rate behavier (ie.
controfled and uncontrolled) and estimates of volumeiric sediment build-up (as an =2id fo
estimating disposal requirements), consistent with the sediment data obtained from feld
observations made for this purpose in the study area. To provide an indication of potential long
term volumetric behavior, volume ufilization will also be assessed and a percent utilization curve
will be generated.

Literature Review

The US Geological Survey has identified sediment as one of the most prevalent urban runoff
pollutants in its National Water Quality Assessment Program.* Transport and deposition of
sediment into the receiving creek or bay during storm events can result in the depletion of

° dissolved oxygen,

. increased turbidity

o aquatic habitat degradation
° nutrients.

It can also transport and down-slope distribution of sediment clad pollutants, including
° phosphorus

o metals
° pathogen.
° organic substances

National studies have shown that urban areas have been closely associated with the degradation
of aquatic habitats and ecesystems Urban areas are likely to mclease imperviousness which
affect the natural flow tegime of stormwater in predictable ways.® Development in Aransas
County impacts the drainage systems, aquatic habitats, and ecosystems.

Rates of runoff change as the natural landscape is developed. Developed land has steeper slopes
and smoother surfaces that are less pervious, resulting in excess runoff that arrives sooner with
an increased volume. Opportunities for flow to infiltrate into the ground are decreased, as fill
dirt is brought in and impervious surfaces such as streets, driveways, roof tops, efc., of the
development are constructed.  As more flow is discharged af a faster rate, more pollutants may
become enfrained and carrfed by the rumoff. The potential for erosion is alse increased,
particularly along sandy creek banks or roadside drainage swales. Downstream ponding of

US Geologieal Survey Natlonal Water Quality Assessment Program Inventory, 1991 to 2001,

*Center for Watershed Protection , 2003, mpacts of impervious Caver on Aguatlc Systems,

®struck, 5. D., Rowney, A. €, and L.D. Pechacek, Innovative Approaches for Urban Watershed Wet-Weather
Management and Control; Stafe-of—theﬁechno{ogw for United States Environrnental Protection Agency, Cffice of
Research and Development, Washington DC 20460, (August 2009), EPA/6D0/R-09/128,
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excess runcff can increase and require that small recelving waterways or creeks be enlarged, or

channelized to safely corivey the increased runoff volumie, These changes to the hydrologic

cycle by human actions can also have impacts on 8 wide tange of other factors, Including water
quality, drainage needs, natural habitats, water supply and flood protection.

Non-point or distributed source pollutants ave entrained and transported by stormwater in
drainage ways. Particles or sediment can transport occluded or adhered bacteria in a waterway.
The Great Lakes beaches research program conducted by USGS over the past 15 vears has found
E. Coli in highly variable counts in beach sands, forest soils, sediments surrounding stream:
margins and shallow ground water.” Researchers have recommended that increased settling rates
be incorperated into models involving bacteria sedimentation.

Local Studies

Scientists have identified stormwater runoff as a principal cause of declining water quality and
loss of wildlife habitat within Litile Bay. Studies documented high levels of nitrogen loading
from land-based activities, reduced salinity due to stormwater outflows (sxacsrbated by poor
water exchange with Aransas Bay), and persistent eutrophication problems surrounding algal
blooms during the summer months *Over thé past 15 years, a water quality study by MA-NERR
reported that Little Bay has experienced a sieady decline in the once ettensive beds of
submerged seagrasses, especially during the last five years.” Fishing is less productive, and
winter flocks of waterfow! have declined in mumbers and diversity in some recent years,

Other local efforts include the City of Rockport. The City of Rockpori’s Water Quality
Commitiee has been collecting nutrient data at scveral designated sampling focations over the
past several years.

A6 PROJECT/TASK DESCRIPTION AND SCHEDTULE

Aransas County and its subconsultants will conduct a modeling effort to characterize sediment
remnoval associated with a pre~-determined sediment trap design in Tule Creek.

This QAPP will only address modeling activities. Water quality samples will be collected from
Tule Creek under a separate monitoring QAPP - the monitoring QAPP should be consulted for
details related to field data gathering and analysis.

"httn://ereatlekesbeaches. usgs.gov/publications.itml. Numerous studies cited including: Whitman, R. L and M.B
Mevers, 2008. SummerE. coll patterns and responses along 23 Chicago beaches. Enviranmental Science &
Technology 42:9217-9224, Wehpage accessed Novemnber 20, 2011,

*Punton, K. and C Wilson. 2010, An assessment of Little Bay Sediment and Water Quality in Relation to Indices of
Seagrass. Candition. University of Texas Marine Science Institute, Technical Report Number TR/10-004.

*Buskey, EJ, and B. Dean. 3/31/2011. little Bay Water Quality Characterization. University of Texas Marine Sclence
[nstltute, CBBEP Centract Number: 0922, Project No. 0922, Final Report.
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Appendix A provides a project plan, tasks and schedule associated with this QAPP. Appendix B

contains a map of the sampling station locations used to provide data inputs into the model. The

tasks listed in Appendix A and the following descriptions are those relevant to the scope of this
QAPP.

The modeling tasks are as follows:
1. Confinn approach

Develop and obtain approval for the modeling QAPP prior to undertaking model
development or application fasks.

2. Obtain precipitation data

Obtain local rainfall data or design precipitation series and prepare them for input info the
model.

3. Obtain monitoring data from the NEI project team

This will be required as a part of the data input into the QUALHYMO model. As noted,
details of monitoring are contained in a separate QAPP, and are not addressed in this
doeument. However, the following basic information is provided for convenient reference in
relation to the modeling effort.

a. It is noted that four storm water moniioring locations (shown in Appendix B)
have been defined in the monitoring QAPP, and that parameters to be measured
are identified there as well, For modeling purposes, data from these locations will
be evaluated, and the parameter to be monitored is TSS.

b. Flow data will be obtained from available physical measurements and
mathematicsl estimatés also identified in the monitoring QAPP. For modeling
purpeses, infiltration and rnoff estimates will be based on soil type with
supplementary information on infiliration from infilirometer measurements per
the monitoring QAPP. \

c. Hydraulic information will be obtained from the ICPR muodeling of the Tule
Creek watershed undertaken as a part of the prior Aransas County Stormwater
Management Plan, supplemented if necessary for present purposes by cutflow
structure conveyance calculations.

4. Develop model input data set

The available data will be put into a form suitable for modeling, This will include:
a. definition of contributing areas, and deéfinition of land use fypes, based on
available data from the earlier ICPR modeling of the Tule Creek watesshed.
b. definition of the volume/depth and arealdepth characteristics of the sediment trap,
based on available design information and GIS based landform information,
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c. definition of inftial estimates of hydrologic parameters, sediment characteristics

{production rating curve based an observations fiom the monitoring program, and
settling velooities based on information frord the monitoring prograin), and

d. definition of connectivity between the contributing arees, sedimeént trap and

charmel between. these features based on geophysical information contained in

available GIS data sets,

All model features will be oriented towards surface flow capture and management. The model
will then be adjusted to represent the available observations, with values adjusted based on
monitoring results and well as typical hydrologie and hydraulic behavior if monitoring data are
insufficient for a formal calibration. The monitored flow values will be the principal data used
in the adjustment process.

The sequence of adjustment will be to 1) develop representative and reasorable estimates of
rainfall/runoff relationships, 2) develop hydraulically reasonable estimates of velumetric
estimates of the routing (and bypass) of flows around the BMP, and 3} develop physically
reasonable estimates of sedimeni removal based on fall velocities consistent with observed
sediment characteristics. -

5. Assess BMP performance
BMP hehavior will be estintated based on volumetric routing through the sediment trap itsell,
as determined by QUALHYMO modeling. Model outputs will nclude:
a, estimated flow mass balance accounting (inflow, outflow, bypsss and
evaporation),
b. estimated sediment load and removal, and
c. estimated volumeiric detention time in the BMP.

§. Ceonduet internal QC

The medeling data results will be réviewed and checked. Details to be verified will include
1) data sources, 2) data reduction, 3) data storage, 4) model structure, 5) medel parameter
adjustment, and 6) predicted model results.

7. Complete reporting and submission

Documentation of the above development and activities, analyms and review processes will
be completed and included in the Final Project Report, in addition to cemplete data sets
(input and output) for the model in digital form, the metadata suitable for those data ses, a
description of the input adjustments resulting from the calibration process, and a summary of
the validation results.

QAPP Revision

Until the work described is completed, this QAPP shall be revised as necessary and reissued
annually on the anniversary date, or revised and reissued within 120 days of significant changes,
whichever is sooner. The last approved version of a QAPP shail remain in effect only for the
approval period defined by the approving authorities. Upen expiration of the approval period for
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a QAPP, all the work covered by the expired QAPP shall cease until such fime as revised QAPP
has been fully approved by the approving authorities. If the entire QAPP is current, valid, and
aceurafely reflects the project goals and organization’s policy, the anmual reissuance may be done
. by a certification that the plan is current The reissuance must be signed by all approving
autharities. This can be accomplished by submitting a cover letter stating the status of the
QAPP and copies of new, signed approval pages for the OAPP.

DAPP Amendments

Amendments to the QAPP may be necessary to reflect changes in project organization, tasks,
schedules, objectives, and methods; address deficiencies and nonconformances; improve
operational efficiency; and/or accommodate nnique or unanticipated circumstances, Requests
for emendments are directed from the contractor Project Manager to the TCEQ Project Manager
electronically using the QAPP Amendment shiell. The changes are effective tpon review and
signature by the TCEQ NPS Project Manager and Quality Assurance Specialist, or their
designees, and additional parties affected by the amendment.

ATQUALITY OBJECTIVES AND CRITERIA FOR MODEL INPUTS/OUTPUTS

Data requirements are as outlined in section A6. These inchide monitoring data that are fislly
documented in the monitoring QAPP, and alluded to here for completeness. They also include
GIS and other data obtained from existing local sources. In afl cases, the intent is to enable
analysis of long term sediment removal and volumetrie performance in the BMP. The intent jg
not to provide definitive hydraulic data for design; that information has been developed in ICPR
modeling camied out as part of the prior Aransas County Stormwater Quality Plan.
Consequently, the need in this project is for credible estimates of mass balance and sediment
removal, Detailed teraporal distribution is neither necessary nor possible in the confext of this
study.

Criteria that are reasonable in these circumstances include several factors that are important in
assessing the numerleal behavior of the model:

1. Watershed flow mass balance closure

The model will be expected to resolve rainfall and simulated runoff components to within
95% (i.e. less than a 5% intemal mass balance accounting error for flow) over an annual
period.

2. BMP flow mass balance closure
The model will be expeeted to resolve water quantity inflow, cutflow and simulated
losses to within 95% (i.e. less than a 5% internal mass balance aceounting error for flow)
o1l an event basis over an annual period.

3. BMP sediment mass balance closzre
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The model will be expécted to resolve water born sediment inflow, outflow and simulated

logses in and through the BMP to within 95% (i.¢. less than a 5% infetnal mass balance
accounting ervor for sediment),

FExperience with the medel shows that numerical mass balance accounting errors less than
5% are the norm for QUALHYMO in this fype of project, so it is not Tikely there will be
problems meeting these criteria. Howsver, if problems are encounieted, the numerical
methods applied will be revisited, beginning with an adjusted time step. Other numerical
solutions will also be pursued as necessary to bring results within the stated target. A
fowrth criterion is also appropriate in this sitnation, related to the credibifity of the source
data.

4. Verification of monitoring data

Since the monitoring data to be used in this project will have been obtained in the context
of a separate QAPP, technical assessment of those data will focus on verification that
they were obtained in a mapner consistent with the monitoring QAPP. This will be done
by fequesting confirmation from those responsible for the monitoring (ineluding TCEA
and Aransas County representatives) that the data were was collected as defined in the
QAFPP. Verification of laboratory, field or other procedures direetly will not be included
in this project as that level of scrutiny is a function of the project in which the data
ariginated.

A8 SPECIAL TRAINING REQUIREMENTS/CERTIFICATION

All personnel involved in model calibration, validstion, and development will have the
appropriate education and fraining required to adequately perform their duties. No special
certifications are required.

A9 DOCUMENTATION AND RECORDS

The project documentation will include a full record of the modeling process including data
sources and the process of calibration and validation. This will include reasons for selecting
particular coefficients and the results of sensitivity analysis, where appropriate. Electrontc
copies of the code, input and output files will be provided to Aransas County for archiving for a
five year period. These files will document model testing, the specific data Tputs and eutputs of
the model runs used for the final analysis, calibratfion, and evaluation, and will include
documentation of the basis for model selection, record code validation (hand caleulation checks)
data sources (Section C1), documentation of adjustments to parameter values given calibration,
and data validation. These data sets will be provided fo TCEQ and maintained by Aransas
County for the time period shown above,

Corrective Action Reperts (CAR) will be used when necessary and the report format is attached
as Appendix C. They will be maintained in an assessable location for reference at Aransas
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County and will be disseminated to the individuals listed in Section A3. CARs resulting in any

changes or variations from the QAPP will be made available to pertinent project personnel and
documented in updates or amendments to the QAPP.'?

See Section B10 for more details.

Table A2.1 Project Documents and Records

Documeni/Record Location | Retention** | Form*®
| QAPPs, amendments, and appendices Aransas County § years Paper/Electronic
QAPP distribution documentation Aransas County 5 years Paper/Electronic
SOPs Avransas County 5 years Paper/Electronic
Model User’s Manual or Guiide (including Aransas County 5 years Paper/Electronic
application-specific versions} ,
Assessment reports for acquired data Aransas County 5 years | Paper/Eleeironic
Raw data files Aransas County | 5 years Paper/Electronic
Model input files Aransas County 5 years Electromic
Model output files Aransas County | 5 vears Electrornic
Code Verification Reporis Aransas County 5 years Paper
Interim results from iterative calibration runs Aransas County 5 years Electronic
Calibration Report Aransas County 5 years Paper
Model Assessment Reports Aransas County 5 years Papei/Electronic
Progress report/CAR/mal report/data Aransas 3 years Paper/Electronie
County/TCEQ

*a— After the close of the project

*b — Electronic files should be ASCI (DOS) pipe: delimited text files or MS Word/Excel; model
input and output files can be archived in the format used by the modeling software, provided the
capability of conversion to ASCII (DOS) pipe delimited text files or MS Word/Excel (TCEQ
compatible version} is maintained over the time of retention.

The TCEQ may request records at any time andfor elect to take possession of records at the
conclusion of the specified retention period.

Priatsmith Engineering Inc., Tule Creak Watershed Project Report, Aransas Count Stormwater Management Plar,
August 2, 2010
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B2 SAMPLING METRHODS
Not Applicable

B3 SAMPLE HANDLING AND CUSTODY
Not Applicable

B4 ANALYTICAL METHODS
Not Applicable

BS QUALITY CONTROL
Not Applicable

B6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION AND MAINTENANCE
Not Applicable.

B7 MODEL CALIBRATION

The model will be adjusted to reflect the physical observations of surface recharge that will be
meastred in this project. (There is no existing BMP facility in place, so calibration to the BMP
inflows and ouiflows will not be possible.) To do this, the main model parameters will be
adjusted by successive approximation until a satisfactory fit is obtained, The fable below
provides a listing of the parameters that will be affected. These are all runoff relationship
parameters, based on an extended continuous simulation version of the S8CS method.

Maodel Calibration Parameiers

Inputs Units Source | Calibration | Description
Criteria
SCS 8 ' Sininches | Sisbased | Sesthetwo | The “S” parameter represents the
Parameter on local soil | paragraphs potential for moisture losses
types that follow durinig the event that are over
(L) below and above the initial absttaction.
_ ' See AS, p.14-15
Antecedent APLis APIis based | Seethetwo | Number desived from
Precipitation | nondimens- | onrainfall. | paragraphs accumulated rainfall depth prior
Index ional Rainfall is that follow to the event. Used to estimate
(APT) acquired below soil moisture at the beginning of
data (L} the event.
See A5, p. 14-15
Initial Taininches | Taisbased | Sesthetwo |laisthe amount of rain lost to
Abstraction on land use : paragraphs initial wetting of the land surface
(Ia) (L) that follow | at the start of an event. Runoff
below can only happen once this initial
welting is complete.
See AS, p. 14-15

(L) Literature
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1t should be noted that as discnssed below, the amount of calibration information which will be

farthcoming from the monitoring effort is very limited, so the number of options for calibration

parameters is also lmited. With a wider data set, other model feafures and calibration options
might be considered, but that will not be possiblé in this case.

Acceptance Criteria for Model Calibration

Due to the very limited size of this project, there will enly be four wet weather data points (grab
samples) for the three model calibration inputs, and these will not extend over the duration of
any patticular event but will be point estimates takess by crews at the time of sampling. A
statistically significant metric for relative crror beyond bulk or average emror is therefore not
advisable or possible. Consequently, all error will be expressed in terms of bulk average etror.
However, predictive variahility will also be evaluated. The key model parameters will be varied,
and a joint uncertainty in predicted error will be provided. The resulis will be expressed as an
estimated performance plus or minus one standard deviation in variability, as a joint outcome of
perturbirig the key model parameters listed above.

Model Sensitivity
Sensitivity analysis determines the effect of a change in a model input paraméter or variable on
the inodel outcome.

Sensitivity will be evaluated and expressed as a curve of model results (exceedance curves)
generated for independenily perturbed values of key parameters (from the {able above) plus and
minus 20%, This will also be done for estimated discrete setiling velogity in the pend, and for
the pan evaporation coefficient applied to losses from the pond surface, as well as to exfiltration
losses if found to be necessary to simulate losses from the pond bottom.

B3 INSPECTION/ACCHPTANCE OF SUPPLIES AND CONSUMABLES
Not Applicable

BY NON-DIRECT MEASUREMENTS (DATA ACQUISITION REQUIREMENTS)
The ICPR Model was used for the hydrotogy and hydraulies modeling of the Tule Creek
watershed component of the Aransas County Stormwater Management Plan. As discussed in
greater detail in Section A6 (modeling tasks 3 and 4), appropriate ICPR watershed datawill be
inputted into QUALHYMO as acquired data.In addition to the ICPR watershed data, other
available data include precipitation data andevaporation data.

Precipitation: Precipitation records from the NWS/NOAA Aransas County Airport from 1959 to.
current will be used as acquired data for use in the QUALHYMO Model.

Evapotation Data: Bvaporation Data from 1954 to 2010 for Aransas County and distributed by
the Texas Water Development Board will be used as acquired data for the QUALHYMO Model.
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Below is a summary of acquired data to be inputted into the QUALHYMO model.
Type of Type of Data (time | Units Source Quality Use Date Range
| Measurement series; rate, (weblink when Assurance
| or Anakysis constant, statisfic, available} Docuimentation
_ taxa, bie.)
| Daily rainfal] series inchesfiour | NCDCrecords- | per NCDC model Extracted from
preeipitation. NWS/NOAA standards basis period of
data Aransas Counly recerd 1959-
Alrport peesent
Evaporation Monthly time serles | inchés/day TWDB, NWS pei TWDB, NWS | model | Extracted from
data and NCDC NCDC standards. | basis ‘period of
records record
1834 2010
ICPR watershed | Tule Creek See Tule Creck Tule Creek Model 2010
model inputs: watershed | walershed Watershed Proj. Watershed Praj. npiitdata |
paramefess: parameters Report, 8/2/2016 | Report, 8/2/2010
- below '
~Sub~basin “ acres Tule Creek Tule Creck model 2010
drainage area Watershed Proj. Watershed Proj. inpiit date
Repert, 8/2/2010 | Report, 8/2/2010
~Land 1Jse/ f non- Tule Creek Tale Creck model 2010
Impervious dimensional | Watershed Prof. Watershed Proj. | input dasa
cover percent Report, 8/2/2010 | Report, 8/2/2010
-Soils Datar " on- Tule Cresk SSURGO - muodel 2010
Soil Survey dimensional | Watershed Proj, | defailed soil maps | input data
Geographic Report, 8212010 | by NRCS
(SSURGO) '
-Flow leagth “ feet Tule Creek Tule Creek model { 2010
Watershed Prof. |} Watershed Proj. input data
- Report, $/2/2010 | Report, 8/2/2010
~Slope “ non- Tule Creek Tule Creek model 2010
dimensional | Watershed Proj. | Watershed Proj. fnput data
| Report, 8/2/2010 | Report, 8/2/2610
~Channel tength | - foet Tule Cresk Tule Creek - mode] 2010
Watershed Proj. Watershed Praj. input data
Report, 82/2010 | Report, 8/2/2010
-Channel [ ¥ festfsee Tule Creek Tule Creek model 2010
velocity Watershed Proj. Watershed Prof. | input data
Report, 8272010 Report, 8/2/2010
Particle Size Statistics noa- NURP Study*t EPA Model 1983
Distribution dimensional requirements input data

* U.s. Environmenta! Protection Agency, Results of the Nationwide Runoff Study (NURP), 1983,
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SELECTED ACQUIRED DATA FROM TULE CREEK MONITORING QAPP

For informational purposes and as requested by TCEQ, selected acquired data from Table B9.1
from. the Tule Creek Monitoxing QAPPthat is not duplicative of data already included in the
abovemodeling QAPP table is preserited below,

Table B9,1 — Acquired Data (selected data from the Tule Creek Monitoring (APP)

PARAMETER UNITS MATRIX SOURCE
| (LAB)
T8S mg/L, water Sample collected 1/17/2012)

{pre-construction

B10 DATA MANAGEMENT AND HARDWARE/SOFTWARE CONFIGURATION
B19 (A) Data Management

Bata THetionary
Data definitions will be consistent with industrial norms, bui two are outlined below for
convenience.

Data Unit- The basie granularity of information will censist of two major formal sets and ad hoc
data sets as needed. The two formal data sets will be QUALHYMO input/output sets, and time
series sets. The ad hoc data sets will be-in the form of database files (MS ACCESS or SQLLite),
spreadshects (M8 EXCEL or LibreOffice CALC), or document files (MS WORD or portable
document format). Each data unit will be uniquely identified and will be deseribed by projeet
metadata.

Project Metadata — All data units will be uniquely identified, and will be associated with data
sufficient to define their origin, reuse, and transformations between origin and disposal. The
information which does this is referred to as project metadata. Project metadata will include
initiating author, change authoxs, dates of initiation and change, and project context (project task
and intent or relevance of cach data unit version for that task). Metadata wdll also include
unequivocal descriptions ef suppert software needed to access and interact with the data unit
(e.g. in the case of a spreadsheet, the name and speeific version of the software), as well as the
operating system necessary to use that software.

Migration/Transfer/Conversion

All data wmits will be managed in sets that are worked on lecally, but contained in 4 ceritral
repository for backup and documentation purposes. To do this, a data server will be used to
track each data unit and its associated metadata through the life of the project. The data server
will be housed with a commercial ISP, Aceess will be password controlled and at an individual
user level of granularity. All data units will be managed in two contexts, namely as working
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coples (those data units on a project worker cotnputer) and as record copies (those data units

backed up on the server). Working copies will be managed by the individual professional

responsible, who will document all modifications made fo the data in the associated metadata set.

Working copies will be posted by individuals onto the server to provide record copies on 4

schedule to be determined by the project manager, but not less than at the receipt and the handoff
of data.

All formal transmissions between identified project participants (e.g. NEI, LDP, Aransas
County) Iess than 100 mb in size will be via the server, with posted content limited to tead access
by the recipient, so that an unequivocal récord of transmission will exist. In the event that data
units exceed 100mb in size or are for other reasons not communicated via the server, they will be
commumicated by media determined by the project manager, but complete physical record copies
with associated metadata will be provided by the sender for storage over the life of the project.
Where physical copies are delivered, copies of metadata and pointers to the location of the
physical repository will be maintained on the server as surrogate data sets.

Informdtion Dissemination
Project updates will be provided to the Aransas County Project Manager to be included in
progress reports for distribution to TCEQ.

B10 (B) Hardware/Software cenfiguration

For record copies of data units, hardware will consist of Linux based servers as described
elsewhere in this section. The underlying operating system will be CentOS8 or an equivaleni. For
wortking copies of data units, hardware will consist of Linux or Windows (XP 8P3 or 7), on
laptops or office servers as convenient. Data transfer media for physical record copy
transmission will consist of DVD and/or portable hard drive (Western Digital or Seagate,
formatted in keeping with the hest PC, transfer by USB2, USB3 or ESATA cable interface).
Data transfer media for physical working transfer copy transmission will be the same as for
record copies but may in addition include USB or 8§D memory sticks as convendent.

No software development is anticipated as required in this project. Spreadsheets may be used
from time to time for convenience, and if so will be internally decumented and managed as data
units (deseribed above).

Axchives/Data Retention

At the conclusion of the project, all record copies of data units and metadata will be recovered
from the servers, and saved on physical media. Summeary metadata will be provided in printed
form to provide a ready index to the electronic images on the physical media.

Backup/Disaster Recovery

All record copies of data tmits will be backed up and recovered as necessary by the ISP in which
the server is housed. At the end of the project, physical record copies of data units will be
duplicated and maintsined in a physical location separate from the originals; it is infended that
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original and duplicate record copies will be housed at Aransas County and NEI offices in Corpus
Christi,

SECTION C: ASSESSMENT AND OVERSIGHT

C1 ASSESSMENTS AND RESPONSE ACTIONS

The following assessment and response actions will be applied to modeling activities. As
described in Section B9 (Non-direct Measurements), modeling staff will evaluate data to be used
in calibration and as model input accérding to eriteria diseussed in Section A~7 (Quality
Objectives and Criferia for Model Inputs/Quiputs Data) and will follow up with the various data
sources on any concerns that may arise. Reporting of assessments and response actions is
deseribed in Section A9. The TCEQ QAO may, as appropriate, perform an assessment of
activiifes described and referenced in this QAPP.

Table C1.1 Assessments and Response Actions

Approximate | Respousible Respense
Aszessment Aetivity | Sehedule _ Party Scope Reguivements
Status Monitosing | Continnous Aransas Comty | Monitoring of the project | Reportto TCEQ in
Oversighi, etc. Project Manager status gnd records to ensure Quarterly Status
requirements are being Report.

fuifilled. Monitoring and
review of subcontractors
performance and datg quality

Technical Systems | 4t the discretion of TCEQ Assessment tailored in Per TCEQ request.
Audit the TCEQ GA accordance with objectives | 30 days forespond
: Specialistand to assure QAPP compliance. | in weiting te TCEQ |
Project Manager |to addvess comrective
Actions.

Model Calibration and Results Assessment and Response

The caiteria for acceptable outcomes are provided in Section A7 (Quality Oljectives and Criferia
for Model Inputs/Outputs). The data employed as part of the modeling results will be evaluated
during the validation process specifically for ity utility as a standard of moedel performance
evaluation.

The model calibration procedure is discussed in Section B7 (Validation and Verification
Methods), and criteria for acceptable outcomes are provided in Section A7 (Quality Objectives
and Criteriz). Results will be reported to the Aransas County Project Manager or AC QAQ in
the format provided in Section A9. If agreement is not achieved between the calibration
standards and the predictive values, corrective action will be taken by the Project Manager to
asstre that the coirect files are read appropriately and the test is repeated to document
compliance, Cotrective action is required to ensure that conditions adverse to quality data are
identified promptly and corrected as soon as possible. Cerrective actions include identification ef
root causes of problems and successful correction of identified problem. CARs (Appendix C)
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will be filled out to document the problems and the remedial action taken. Copies of CARs will

be included with the anmial QA report. The QA report will discuss any problems encouniered

and solutions made, These QA reports are the responsibility of the Aransas County QAQ and the

Project Manager and will be disseminated to individuals listed in section A3. If the predicted

value cannot be brought within calibration standards, the Project Manager or Quality Assurance
Officer will work with TCEQ to arrive at an agreeable compromise.

Evaluation of model calibration and predictive results will involve both quantitative and
qualitative measures {Sections A7, B7). The Council on Regulatory Modeling (USEPA 2005)
defines model reliability as “corroboration”, which in other words, refers the degree to which a
model cerresponds to reality. In simple terms, this means comparing the model’s
predictions/results with observed data. Both quantitative and qualitative concepts (Section AT}
will be used to corroborate model performance to the depree deemed appropiiate by the
stakeholder group. Areas where model performance is not appropriate will be documented after
attempting to rectify problem areas,

Model Software Assessment and Reésponse

Software requirements, sofiware design, or code are examined to detect fanls, programming
errors, violations of development standards, or other problems. Al ervors found are at the fime
of inspection, with later verification that all errors found have been successfully corrected,
Software used to compute model predictions are tested to assess its performanece relative to
specific response times, computer processing usage, mn time, convergence to sohtion, stability
of the solution algorithms, the absence of terminal failures, and other quantitative aspects of
compuier operation,

QUALHYMO Model

The QUALHYMO modef that will be used in this project was originally developed as a research
tool targeted at BMP evaluation and was designed for rapid simulation of long term
quality/quantity behavior. It was originally funded by the Oritario Ministry of Environment, and
has been developed by means of continued government funding from the US and Canada since
that time, with recent implementations of BMP simulation capabilities undertaken in the context
of Texas project activity. Although the model was first developed some thirty years ago, it has
been the subjeet of development since that time. More broadly, advanced capabilities recently
incorporated in the model inciude water reuse, distributed storage, and climate change. No
checks or verifications will be conducted on the source code of the model. The QUALHYMO
users manual is found in AppendixD.

Corrective Action for Deficiencies _
Deficiencies are any deviation from the QAPP, SOPs, or data management procedures,
Deficiencies may invalidate resulting date and may reqaire corrective action.

The Aransas County Project Manager or QAQ is responsible for implementing and iracking
corrective action procedures as a result of audit findings. Records of audit findings and
corrective actions are maintained by the Aransas County Project Manager or QAO. Corrective
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action documentation will be submitted to the TCEQ Project Manager with the next progress
Téport, '

2 Reports to Management

Repaoris to Aransas County Preject Managoment
All feports detailed in this seclion are contract deliverables and are transferred to Arvansas County
Project Manager in accordance with contract requirements.

Progress Report —Quarterly Progress Reports briefly summarizes the Subcontractors activities for
each task, Quarterly Progress Reports should also include modeling status, issties, and corrective
actions.

Final Project Report — Summarizes the Subcontractors aetivities for the entire project period
inctuding items included in the Progress Repotts, a description and decumentation of the major
project activities, evaluation of project results and environmental benefits, and a conclusion. The
final report will also include the input and ouiput data for the initial and final model runs, a
description of the nput adjustiments resulting from the calibration process and validation results.

Repovrts to TCEA) Project Management _
All reports, including subcontractor reports, detailed in this section are coniract deliverables and
are transferred to TCEQ in accordance with contract requirements. '

Progress Report-Quarterly Progress Reports summarizes Aransas County’s and the
Subconiractors activities for each task. Monthly Progress Reporis should also include modeling
status, issues, and corrective actions,

Final Report — Summarizes Aransas County’s and Subcontractors activities for the project period
including all information contained in the Aransas County Final Report.

Audit Report and Response- Following any audit performed by the Aransas County Project
Marager, a repoit of findings, recommendations and responses are sent to the TCEQ project
manager in the quarterly/monthly progress report. Such reports will include model performance
assessments, calibration, and validation performance détermination.

Reports by TCE(Q Project Management

" Contractor Evaluation - Aransas County is evaluated in a Confractor Evaluation by the TCEQ
annpally for compliance with administrative and programmatic standards. Results of the
evaluation are submitted to the TCEQ Financial Administration Division, Procurements and
Contracts Section. ) '
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SECTION D: DATA VALIDATION AND USABILITY

Validation - Velidation is an extension of the calibration process that reduces uncertainty. The
rates and seftings developed during calibration are checked for adequacy using data set{s) that
represent the modeled waterbody under different conditions than were observed during the
calibration data set. The rates then, if necessary, are adjusted further so that they work adequately
well for all data sets. Validation is the comparison of the modeled results with independently
derived momerical observations from the simulzfed environment, Model validation 1s, in reality,
an extension of the calibration process. [is purpose 1s to assure that the calibrated model properly
assesses the range of variables and conditions that are expected within the simulation.

D1 DEPARTURES FROM VALIDATION CRITERIA

The prineipal activities in this project oecur over at time scale and under physical circumstances
in which a variation on the primary data set suitable for validation is not likely to emerge.
However, the criteria that have been determined (high accuracy mass balance closure) can be
veritied under independent circumstances, and this will be done. If the model does not meet the
specified closure limits, performence interpreted as a part of the BMP fimetion could in reality be
an artifact of the numerical methods applied in the model. Therefore, this is a findamental and
impertant criterion, and departures from this specification will not be accepted.

D2 VALIDATION METHODS

Model Vahidation

This will be done by applying an alternative precipitation data set to the wafershed and BME
model data set, and verifying that under this eondition the model behaves in a manner consisfent
with that which was predicted using the primary data set. The alfernative precipitation set will
be taken from a Texas based precipitation station, and will not necessarily be representative of
predictive conditiens in the project at hand. Howsver, it will provide a basis for verifying that
the model mass balance closure is achieved under both conditions. The acceptable result will be
a mass balance closure as good as or better than that which was achieved with the primary
precipitation set.

D3 REC@NCEMTI@N WITH USER REQUIREMENTS

The requirements in this project are specific and limited. The need is to develop a generalized
estimate of long term removal of sediments in the pre-determined sediment trap design which is
being evaluated. Data will be Hmited to the monitoring which is available, and extensive
calibration and predictive results will therefore not be necessary nor passible. Once constructed,
the sediment trap will require observation and adaptation as data accumulates and performance
becomes clearer. This does not mean that the modsling will be taken lightly. On the centrary,
the available data will be used to best effect and the robust behavior of the model in this context
will be verified as described in this QAPP. However, the specific and limited context of this
project needs to be a realistic part of the program and project objectives.
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APPENDIX A
WOREK PLAN TASKS AND SCHEDULE
SOW FOR 2009 and 2011 319(h) GRANTS




Tule Greek Srant Projects
ProfectTask Reconchiation

Mede of Cocrdinafion

GRANT: TOEG FY0e 348(h} {amendiment 1) TEEQ FYitatethy
3 August 2612~ August 2013 Bugust 2041 « Bugust 2014
To improves water quallty in Tuls Creel by 4} . )
GoaiObjectva: Resioring wellends with aon-polnt sotcs rn-olf To reduas evasish: slotighing of creek banks; and

~ Fealment capabiliy and hatitaf valus and 2y
Improving waler quailly from Tuwé Creek thacharge fo
Lills Bay and Aransgs Bay,

trangporiation of fing sand and ofher sediments hrelgh the
Wesl Tuls Creek Sysleminio Lillle. Ray {Phass 1),

Activity

TASK DESCRIPTION

TASK DESCRIPTION

Stakeholder faciiation

Tasict Projact Administradon incluging

aversight, DPRs, Relmbrirsements, contract
communication, confraclof évalualion, projset fact
shesl, snd apnual reporl

Task2 lnvasive Trea Retioval includes trae
removai, seddling fegeneralian, and removel repor,
Task 3 intludes sediment pond conslruction and
serfinent pand report.

‘Tashk 4 Date Colestion and Anslysie inchudes Dala
Quality Otlecives and Moniloring Plar, QAPP
plenning meeting, Mogeling QAPE, Meniforing QAPP,
QAPP updales and amendments, modefing,
monitoring, and dalz submitial,

Task 5 Signage

Tagk & Final Report

Task ¥ Project Administration Including oversight, QP Rs,
Reimburssments, contract comnmnicsYon, and ansia raporl,
Task 2 Engineerng Analysis, Pemniltng, Deslan, and.
Corstruetior gid Sefeetion Proeass Includes peeliminary
enginesting analysls: of bark stabilization and siope pretecion|
sfrategies and penvilfing, final design plana and
speciiications, consluction bid selection process, and Final
Report, Taslt 3
Parfarmance menitosing and QUALIHYRO medeling heludes
CQAPE updabas vl ametdmenits, wi Bhd sireanilion
rmonifdrng groundwater monitering, QUALMY IO modaling
and atsessment, and data submital.,

Task4 Construction includes upland vegetatlon clsaring,
sezvation and wideringtre-sloping of east side of ditch, bank
stabilizalion and slepe protaction, and corsiraction repert,

| Tasl & Final Raport

WaQ Manftorng: Wenitonng GAFPSwii be
ceordinaled as parf of the develupment of

Hha monitoring component. The stitdy

| designs Wil be. distinct, 2nd the monftoring
sifes wift hin different

Subiask 4.1 Date Qualily Obiectives and Monfioring

Plan have basn Idenfiled fo esfimate load radustions

of the brip performance.

Sublask4.2 QAPP Planaing Mestng,

Sabtask 4.4 Devalepmentt and submittz! of CARP for

Monitoring,

Bubtask 4.5 and 4.6. QAP updates and
eriendments,

Sublfesi4.? Moniloring 2t 4 lecations for 8 sampling
svents (dry and Wwet) post-construntien for 753, pH,
condiefvity, zalinity, do, tempereture, amd of and
grease,

Sabfask 3T QAPP updatés énﬁ armenmens.

Subtask 3,2 Maniforing et B locations for 8 ssmpingevents 1

(dry andwei) pre end postGonsiruetion for T88, pH,
conductiily, salinfly, do, emporallre, and ol and greaze,
Subtasit 3.3 Groundwaier and rainfall gauge moniforing

WO Modeting: All the medeiing wiltbe
conducizd under a slngle QAPR with TCEQ
and EPA e Wit bewith the 312 Pl
{Anju Gheilse),

Subtask 4.1 DafaQuallty Objeclives and Menlioring
Plari have been identified (o eslimets oad raductions
of $ha hmg performance.

Subtask 4.2 0APP Plznning Meeling,

[Bubtask 3.F QAPP updates and amendments,

Subtast; 3.4 Modeling using the CQUALEYMGC sodetio
svaluale brp assessment aveluating tale from fiow,
greundiater dlevations, infirometar tests, stream dow rmiling

Subtask £3 Development and submittal of QAPP for [curves, and mefemlegical data.
thonilring,
Subfask 4.5 and 4.6 QAP updates and
amerdnents,
Sebtasi 4.9 Modating using the QUALHYMO model
{o.avaluste brp assassnient evaluating dufa from
flow, groundvrzler elevations, nfilrometer-tests,
strearm fiow rafing curves, and metsrological data.
CELIVERARLES Post-Award Mesting Minulas PoskAward Meeting Minutes
o Curlarly Progiess Seporls Citgrtery Progress Reports
Guatery Conferente Call Mesting Mindtes Quartedy Conferonce Call Meeling Mintes ..~ ¢
Projge| Pacl Sheet e [Annial Reporf
Annual Repoid [Project Degigns amoparcrﬁsahrms (Sept 2043}
# Invasive Treo Removal Geoor (e 2017) USACE Pegrnit
Sadiment Pond Repori with Photos (Sept-Oct 2019) | Bid Packages (Feb 202}
Draft QARP for Monlloring (Jenuery - Aprl 2042) Engineering Analysis, Perrniiting, Design Report (4pd! 2012)
Braft QAPF for hodeling (Apsit 2012) Drafl sivwt Figal CAPP Undales
o Firal QARP for Monioring ¢fanuary ~ Apgdl 2012) Draft and Final QAP Amendmants
Final QADPE for Modelng {Aprl 2042) Dot Sthaials fuarerdy) .
CAPP bipdates and Amendiments Exca\rahm e Wideming Phetos [Apri 2014}
R Datig Submittals (svery 8 monthes) Constetion Phiotos {Apil 2014 .
Phodes of Signs (Fely 30:12) Construction: Repert fime 2044)
Draft Finat Repod (Juns2813) Draft Finaf Report (Auggst 2014)
Einal Report Gty 2013 e Fioal Repert {Sapt 2014}




Agreement No, 582-10-90462
_ Agreement Amendment No.L
Nonpoint Source Water Quality Management Planning Implementation Grant

In accordance with Article &, Changes to the Agreement Documaents, of the Goneral Terms and Conditions, Texas
Commiission on Environmental Quality (TCEQ) and Aransas County hereby agree to amend Agreement No. 582-10-
50462,

Agreement Docwiment Expiration Date TCEQ Fands Total TCEQ Obligation
_ Increase/ Decrease
Original Agresment 8/31/2012 | e - $142 800.00
Amesidment No. 1 §/3172013 $86,702.00 $229,502.00

1. The agréement term is extended to 8/31/2013. The Agreement Expirdtion Date and Article 2, AGREEMENT
TERM are amended to read §/31/2013.

2. In accordance with Asticle 3, Section 3.1, Total Obligation Amount, the parties agreé that the total amount of
this Agroement shall not exceed $382,503.00. (Federal and Tocal Match), and that TCEQ will reimburse up fo
$229,502.00.

3. In accordance with Article 1, Section 1.1, Auihorized Expense Budget, the partics agree that the anthorized
expenses, acquisitions, or expenditures under this Agreement are as follows:

Budget Catepory Original Budget Budget Revision Amended Budget

Personnel/ Salary

Fringe Benefits

Travel

Supplies

Equipment

Contractual

$72,000.00

£316,503.00

$382,503.00

Construction

$166,000.00

-$166,000,00

g

Other

Total Direct Costs

$238,000.00

$144,503.00

$382,503.00

Authorized Tndirect Costs

Total Grantee Costs

$238,600.00

$144,503.00

$382,503.00

{ Other Third Party In-
Kind

Total Project Costs

$238,000.00

$144,503,00

$382,503.00

Grantes Cost Share

$95,200.00

$57,801.00

$153,001.00

Total Reimbursable
Cosis

$142,800.00

$86,702.00

$229,502.00

1. The Scope of Work is amended to modify Tasks 2, 3, 4 and 5. The revised Scope of Work and Schedule of

Detiverables ave attached.




Agreement Ne., 582-10-90462

All conditions and requirements of Agreement No. 582-10-90462 that are not addressed in this Agreement Amendment
No. 1 shall remain unchanged, and shall apply to all services specified herein just as if those servicos had been included in
the original specifications of this Agreement.

TCEQ ARANSAS COUNTY
(Signature) (Signature)

1’Oreal W. Stepuey, P.E. C. H. “Burt” Mills, Ir,
(Printed Name) {(Prinfed Name)
Deputy Director . County Judge

(Dates Signed) (Dates Signed)



Agreement No. 582-10-90462

CWA §319(h) Nonpoint Souice Grant Prograin
FY 2009 Proposal 1.08

1,03 West Tule Creek Sediment Trap Pond and Habitat Enhancement

To improve the water quality In Tule Creek by 1) Réstoring wetlands with non-point sonrce
suuoff treatment capability and habitat value and 2) Improving water quality from Tule Creek
discharge to Little Bay and Aransas Bay.

(1) Project Adwministration; (2) Invasive Tree Retoval; (3) West Tulo Creek Sedimentation
Pond and Habifat Enhancement; (4) Data Collection and Analysis; (5} Signage; (6) Final
report

Success will be measured through completion of stormwater Best Management Practices
(BMPs) that have non- point source runoff capability and habitat value.
Implementation { X); Bducation (X); Planning ( }; Assessmert { ) Groundwater ()
Segment ID: Paratneter Category:

 Aransas Bay/Copano Bay Bacteria 5a

| Watershed

Tule Creek - Aransas County

Hire Staff ( ); Surface Water Quality Monitoring ( ); Technical Assistance ( ); Education (X);
| Implementation (X);, BMP Effectiveness Monitoring  ); Demonstration ( ); Planning { );
| Modeling (); Bactorial Source Tracking ( }; Other ()

| Element One (LTG Objectives 1 and 2; STG 24, 8TG 2B, 8TG 34, 8TG 3B, §TG 3D}
Elerient Two
Element Four

This project is also consistent with Texas Coastal Nonpoint Source Pollution Control
Program

-5.2.5.2 and 5.2.53.
$229,502

$153,001 $382,503

Ararisas County
January 1, 2010~ Augnst 31, 2013

Assistant County Engineer
Aransas County

dreid@aransascounty.org
1931 FM 2165

F'Cotinty | Aransas I'State ™ .| Tx [ Zip.Caode | 78382




Agreement No. 582-10-004562

“Telephone 1 361-790-0152, extension 31 Fax 361-790-0125
Number: Number:

Names Roles and Responsibilities

Texas Commission On Environmental Quality (TCEQ) Provide state oversight and management of all project
activities and ensure coordination of activities with related
projects and Texas State Soil and Water Conservation
Board (TSSWCR).

Aransag County Project oversight and management of all project activities.
il proj

The Mission - Aransas The National Bstuarine Research Technical data and support.

Reserve

(MA-NEER)

Coastal Bend Bays and Estuaries Program (CBBEP) Public outreach and education,

Aransas First, Stewardship Aransas and Chamber of Land Trust, public outreach and education.
Commerce Environmental Committee

Coastal Bends Bays Foundation (CBBF) Public outréach and education.

Surface Water X | Groundwater :

Does the project implement recommendations made in a completed Watershed Yes Ho X
Protection Plan or an adopted TMDL or Implementation Plan? :

If yes, identify the document. Year Developed

If yes, identify the agency/group that developed
and/or approved the decument.

Watershed Name(s) Hydroio gi Segment 305(b) Size {Acres)
. Code (8 digit) n Category
Aransas Bay/Copano Bay Watershed 12100405 2473 5a 2,100

Describe all known causes (poLlutts of concern) of water 11 impairments from any of the following sources: 2008
Texas Water Quality Inventory and 303{d) List, Clean Rivers Program Basin Summary, Basin Highlights Reports ot
Other Dogumented Sources.

Aransas County is surronnded by seven bay systems including four (Copano Bay-Port Bay-Mission Bay, and Redfish
Bay) that are listed as “water bodies that do not meet applicable water quality standards or is threatened for one or more
designated uses” and are also listed as Category 5a. These bays are listed due fo bacteria contamination {oyster waters)
antd stormwater runoff from land #5e practices upstream.
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Pro Jeed Statement

Aransas County is experiencing growih in pophlation of both permanent and part-time residents. Developmeht pressure
poses a serions threat to the quality of the wetlands, wildlife habitats, and water resources that make the region attractive,
‘As more and more land is converted to residential or commercial uses, the potpntial for water quality degradation is
inereased. Poilufants that threaten the health of the area’s six bays are nutrients and sedivnents frara human activities
such ag shoreline development, and polluted runoff.

This threat is most obvious in Little Bay, a shallow bay within the corporate boundaries of the City of Rockport that
historically has supported a produetive fishery, large flocks of wintering waterfowl, and large populations of nesting
water birds. Little Bay is bounded on the south and southeast by public lands (Rockpott Beach Park, Festival Grounds)
and on the west by a street with multiple parking areas. It is fully accessible to the pubkic and usage levels are high,
especially on weekends. T is utilized year round with a variety of water-based recreation, including kayaking, boat pier,
wade fishing, swimming, windsurfing, skiing, and birding, Universities end public sohools from throughout South Texas
use Litfle Bay as a research and teaching resource, and it is common to see groups of students on Little Bay or along its
shore, taking part in environmental studies and field trips. Apart from Little Bay there are very few locations in Aransas
County that provide public access to wade fisherman, and the shore-based recreational opportunities afforded by
Rockport Beach Park.

Scientists have identified polluted stormwater runoff, a product of urbanization, as a principal cause of declining water
guality and loss of wildlife habitat within Liftle Bay. Studies documented high [evels of nitrogen loading from land-
hased activities, reduced salinity dus to stormwater outflows (exacerbated by poor water exchange with Aransas Bay),
and persistent eutrophication problems surrounding algal blooms during the summer months. Littls Bay has experienced
a decline in the once extensive beds of submerged seagrasses. Fishing is less productive, and winter flocks of waterfowl
have declined in numbers and diversity In recent years.

Water Quality studies have been conducted by MA-NERR to determine the extent of problems within the survounding
Aransas County, and the City of Rockport’s Water Quality Commtttee has several years® data surrcunding the decline in |
water quality in Little Bay. In addition, CBBEP has determined that the seagrasses in Little Bay have been declining
since the 1960°s as a direct result of the reduced water quality in Little Bay. Just four years ago flats of Little Bay were |
Tush with marsh grasses. In pecent years, the bay bottom that has historically supported the seagrasses and fringe marsh
that line the perimefer of the bay have almost disappeared.

Ou the west side of the Live Oak Peninsula, sections of Copano Bay and Port Bay have been closed to oystering dize 1o
localized water poliution problems,

Tule Cresk is a 2,100 acre watershed that carries both stormwater drainage and sewage effluents info Little Bay. The
stream drains areas of the City of Rockport, the Town of Fulton, and areas of Aransas County outside the jurisdiction of
sither municipality. The Tule Creek watershed is urbanizing, and the population in the area is expected to increase in the
next two decades. The Aransas County Navigation District (ACNID) owns Little Bay by virfue of a land patent from the
Texas Legislature, and the ACND cooperates with the City of Rockport in managing Little Bay. Thus, all governmental
entities in Aransas County are fnvolved in a cooperative offort to protect Little Bay, and there is consensus among these
entities that the Tule Creek drainage and pollution of Little Bay are top-ptiority coneerns within the framework of the
regional prograim to protect water and fmprove wildlife habitat described above.
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The project site, Upper Tule Ditch, is an improved earthen diainage difch that has been ‘modified over the years,
including filling and ditch excavating of various areas as well as pipe-type culverts. The U.S. Fish and Wildlife Service
National Wetland Inventory Maps (1970-1980) identify the wetlands in this floodway to be palustrine emergent,
forested, persistent and temporarily flooded. There are also upland areas within and along the drainage way. The
restoration of this area with storm water best management practices (BMPs) will provide improved sform water quality
habitat along with a range of control benefits.

Brazilian popper trees (Schints terebinthifolius), which aré native to Brazil, Argentina, and Paraguay, were infroduced to
the 1.8, as an ornamental from the mid- to fate 1800s, however, it did not establish outside of cultivation in Florida until
the 1950s. According to unpublished surveys, Brazilian pepper has inhabited over 700,000 acres in Florida ineluding
over 91% of the preserves in southern Florida. This pepper tree has occuried int Texas since the 19503, and has recently
become extremely invasive within Texas wetlands and coastal prairies. Brazilian pepper trees are very aggressive in
their growth as they form extremely dense, ten-meter high thickets. This pepper tree threatens the destruction of natural
vegetative communities and ecosystems.

Brazilian pepper trees are so invasive that they will quickly change native vegetative conumynities to monotypic stands
of pepper trees. Native vegetation plays an important role in stabilizing the banks of ditches and canals thereby reducing
erosion and sediment loadings. The nafive vegetation eccmring along the non-maintained sections of Tuls Ditch West,
Tule Lake West, and within the Tule Marsh East is comprised of wetland and aquatic plants such as Coastal bacopa
(Bacopa monnierd), lesser duckweed (Lemma ninor), sedges (Cyperus spp.), and spikerush (Eleocharis spp.). These
areas also contain native forbs and grasses such as bushy broomsedge (Andropogon glomeratus), panic grasses (Panicum
spp.), horsemint (Monarda punctota), fleabane (Erigeron myrionactis), and little bluestem (Schizachyrium scopariunz).
The shrub and tree layers contain laurel and live oak (Quercus spp.), wax myrtle (Myrica ceriferd), coral bean (Erythring
herbaced), and yaupon (llex vomitoria). These various vegetative types play an important role in stabilizing the banks of
the Tule Ditch, Tule Lake, and Tule Marsh areas with their root systems. In addition, each vegetative type has important
Fltration and contaminant uptake funetions which improve local and downstream water qualify conditions.

Brazilian pepper trees damage areas by crowding out native vegetative assemblages. The pepper tree’s shallow root
systems allow for soil erosion to take place. These pepper fraes are also known to clog wetlands and waterways. Their
colonization coupled with their prodigious water uptake allows them to change seil moisture and water table levels fo
conditions that favor them af the expense of native riparian speeies, Furthermore, the Brazilian pepper trees have litile to
no wildlife values. They are salt tolerant and they bave ne natural known predators.

Aransas County and the City of Rockport are not regulated munieipal separate storm sewer (MS4) systems. The ACND
is also not a regulated MS4. As a result, these local governments are not requived fo have a storm water permit. Aransas
County is voluntarily developing & Drainage Master Plan with an emphasis on stormwater managefnent and
implementing BMPs. Aransas County, along with the City of Rockport, ACND, and the Town of Fulton, are
coaperatively developing a regional storm water master plan — the Aransas County Reglonal Storm Water Management
Plan (ACRSMP) - that includes implementing storm water BMPs within the priority Tule Creek watershed. The
proposed project will help accomplish the following obfectives of the ACRSME: '

Decrease flooding fmpact ca infrastructure,

Decrease siltation, pollutants, and nutrient loading in the surrounding bays,

Preserve ecological integrity of Aransas County and the Live Oak Peningula,

Develop standards to accommodate sustainable quality growth,

Introduce a regional, long term, and low maintenance approach toward the water volume and quality issues,
Continue to identify local issues and concerns and potential water quality programs,

a & & & @ %
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Identify and implement immediate and continued storm water BMPs,
o Tdentify and assist in the acquisition of public graats for the iinplementation of projects as a result of the
ACRSMP,
» Tntegrate an ACRSMP into the existing permitting process for Aransas County, the City of Rockport, and the
Town of Fulton, including cohesive design criteria and accepted storm event frequencies,
Create flexible and practical standards that can be used by County staff,
Identify and cultivate collaborative efforts with all partners withip. the region,
Use a planning process that is transparent with opportunities for public participation. and education, and
Identify alternative finding mefhods for the procutement of easements and infrastructure improvements.

® & ® o

Using an overall watershed management approach to this ACRSMP project will include implementing storm wafer
BMPs that provide: water quality and ecological enhancements with drainage control iinprovements. :

| The ACRSMP will be completed in three (3) phases. The First Phase will include the Froject Planning and Needs
Assessment. The Second Phase will include the Modeling, Evaluation and Alternative Aralysis; and the Third Phase
will inchide Préparation and Tmplementation of the Master Plan and BMP Implementation.  Avansas County has
developed a Storrnwater Management Advisory Committes and Technical Advisery Committee composed of
' representatives from Aransas County, the Cities of Rockpost, Aransss Pass and Fulton, and the ACND to assist in
guiding the performance of the ACRSMP. The Naismith Engineering Project Team has been selected by Aransas
County to prepare the ACRSMP.

The County execnted a comtract with Naismith Engineering, Inc. on March 23, 2009, The ACRSMP will be a 12-18
month process. The First Phase of work was authorized by the Aransas County Commissioners Court and included work
through July, 2009. Coordination has also started with a wide range of local, state, federal authorities and institutions, |
conservation groups, and private individuals to collect and evaluate information on water quality as well as
flooding/drainage problems and ecological issues, priorities, constraints, and opportunities to implement stormwater
improvements. The Tule Creek and Little Bay watersheds have been identified as priority areas for implementing
Improvements,

Phase 11 of the ACRSMP is cumently being authorized by the County in Work Authorization No. 2 fo be funded by
Aransas County. Aransas County plans to utilize Coastal Impact Assistance Programi (CIAP) funds to reimburse
portions of the Phase H work and will fund outstanding costs not reimbursed by CTAP. The work under this phase will
conduct drainage analysis and water quality modeling.  The task also outlines that a water quality sampling and
monitoring program will be recommended. Load reductions expected from the modeling and specific water quality
fmprovements are not available until the Phase I tasks are completed which will be af the end of 2009. Phase II includes
two modeling activities, H& H Modeling and QUALHYMO, H&IH modeling will use HEC-HMS and TCPR
(Interconnected pond routing software), and QUALHYMO will be used for BMP design and water quality modeling.
The QUATLHYMO was originally developed for use at a watershed scale and it is therefore watershed orfented. This |
model is based on a continnous simulation methodology that includes rainfallinmoff and snowmelt processes. It can
stimmlate water and van add sedimenis and dissolved constituents to the analysis process.

The H&FI modeling and drainage analysis is being fmalized and initial findings on water quality and BMP design is |
expected by the end of October, 2009.

There is no adequate water quality monitoring data for Tule Creek or Little Bay. The researchers, CRBEP, and MA-
NERR have all recogrized a decline in seagrass in Little Bay and expected that stornrwater input fo Little Bay is a major
contributing course. The CBBEP and MA-NERR are conducting water quality and seagrass/habitat monitoring in Little
Bay end areas of Tule Creek. ‘
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| the ongoing CBBEP and MA-NERR testing, This monitoring by CBBEP and MA-NERR includes stations on Tule

This monitoring has just begim and will be completed in 2010. The purpose of the CBBEP study is to assess water
quality in Little Bay and expand the existing monitoring effort by the City of Rockport in the Little Bay system located
in Rockport, Texzas, in order to characterize the bay’s recent (last 5 years) environmental degradation. The purpose of
MA-NERR sampling plan is to identify the cause of seagrass decline in Little Bay in Rockport, Texas.

The ACRSMP will recommend additional water quality sampling and monaitoring which will compliment the results of

Creek,

Aransas County is committed to providing all the medeling results- quality and quantity, as Wwell as project designs and
recommended projects. A range of stormwater quality mitigative improvenient projects have been identified along the
Tule watershed including areas surrounding Litfle Bay, The suite of improvement projects includes the best
management practices included in this workplan. The water fuality sampling and monitoring recommended in the
ACRSMP will further substantiate and supportimplementation of continued projects.

General Project Description (Inelude Project Location Map)

improve local and downstream water quality conditions.

| native trees, shrubs, and forbs. The restoration of riparian habitat and bottomlands will improve shoreline stabilization

The proposed project includes the following components: Invasive Tree Removal, West Tule Creek Sediment Trap Pond
and Habitat Enhancement, Water Quality Monitoring and Modeling; end Tnformational Signage.

Tnvagive Tree Removal

The eradication of Brazillan peppers, Chinese Tallow, and other invasive species is a part of wetland and tipatian area
restoration and enhancement that serve a significant NPS abatement function. Maintaining desirable vegetation alosig
channelized streams also bas Best Management Practice (BMP) funciions. Native vegetation plays an important role in
stabilizing the banks of ditches and canals, theteby reducing evosion and sediment loadings. The native vegstiation
oceurring along and within the areas of Tule Creek and Upper Tule Creek is comprised of wetlands, aquatic plants, and
tlack willow trees. The root systems of the various native vegetative types play an important role in stabilizing the banks
along Tule Creek. In addition, each vegetative type has important filtration and contaminant uptake functions which

The proposed removal of invasive trees will invelve selectively removing these trees from the West Tule Creek area, The
goal of this project is to reduce these non-native invasive plants, which will allow for the natural colonization of nearby

functions, will reduce erosion and sedimentation, and will help improve water quality conditions in the immediste
wetland area and downstream threugh sediment trapping and wmaintaining enhanced wetland fomction. This habitat |
restoration effort will also provids significant improvements in the habitat quality for wildlife use. '

Weat Tule Creck Sediment Trap Pond and Habitat Kxhancement

This project is located in a site that will enable capture of sediment from the watershed before discharge to Little Bay. A
sediment pond will be constructed immediately below the confluence where the Upper West Tule Creck connects with
the North Tule Creek, to remove sediment transperted from erosion cecurring upstream. Due to forested wetlands at this
site already functioning as a BMP and suppesting a stable ecosystem, the emphasis is to maintain the majority of existing
forested wetlands and live oaks, and minimize the loss of their stormwater quality functions and/or ecological values. As
previously discussed an invasive remtoval plan will be implemented to reduce invasive spécies in areas along the
proposed pond. Construction specifications will involve "least harm approaches” and use of mats or large track
equipment to avoid rutting and damage to habitat. The relatively small pond (approximately 1.5-2 acres) emphasizing
sediment controf will be placed more or less on~line but so as to avoid changes 1o flood and drainage control,

Water Quality Monitoring

The subject stream is not an "impaired stream segment.” The purpose of this monitoring task is to assess the water
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quality treatment performauca of the pmposed sediment pond and to determine the need and basis for fmprovements to
the sediment pond. The Monitoring Program will involve post sediment pond construction sampling and analysis of Tule
Creek surface water chemical/phiysical/biological chasacteristics, groundwater elevations, gectechnical charasterization,
and hydrologic and hydraulic characterization of Tule Creek watershed above the propesed sediment pond Tocation,
Swrface water quality monitoring will be performed at four (4) locations 1o assess post-construétion tofal suspended |
solids (TSS) loading and the performance of the West Tule Creck Sediment Trap Project. Approximately eight (8)
sampling events will be attempted to ropresent baseline dry and wet weather stormwater conditions. Bamnplos will be
analyzed for 'TSS, pil, conduetivity, salinity, dissolved oxygen (DO, temperature, and ol and grease. The TSS samples
will be celiected since that is the principle stream pollutant fo be controlled in the subject BMP. DO will be. used to
identify the potential for anoxic or eutroph}c conditions in the sediment trap pond cansed by organic nuirient loading, Ofl |
and grease will be monitored 1o assist in identification of stormwater contributors from trban development (roadways).
The pH, temperature, and conductivity will be collected with minimal time and cost using a multi- -parameter probe and
will help further distinguish stormwater contribution/sources from Waste Water Treatient Plant efffuent without
incurring a substantial additional cost. Streamflow monitoring wifl inclads stream velocity, elevation, and development
of rating curves. Flow rate will be determined by measuring depth with a gange placed at a point where depth/flow
functions are knowd, and depths can be recorded. The depth can then. be converted to4 flow rate and a fating curve. The
ratmg curve will be obtained by meas_urmg flow near a location where a relationship between flow and depth exists at
various times to obtain a series of records of flow rates. The stream flow gauge will be installed near the Highway 35
bridge and menitored concurrently. Plezometers are useful in. characterizing decper flow patterns, how the techarpe
behaves long-ferm, and groundwater flow direction towards & creek or bay. Plezometers provids an indication of water
pressuge and soil properties. By placing paited sots of piczometers, the water pressure difference is known and ¢an
provide information related to the water flow, Three (:;) paired sefs of groundwater piezometers will be installed and
monitored af three (3) locations, to be determined in the field, to assess groundwater elevation, and conductivity.
Infiliration testing is important in the consideration of water balance and streamn erosion estimates. The infiltometer will
take a series of measurements of the behavior of the way water soaks into the dominant soil types of Aransas County.
Infiltration testing provides good insight info the behavior of the surface of the ground, Infiltration testing will oceur
stmultaneously at the three (3) locations at the same time the piezometers are installed. Rainfill ganges will be instalted
to assess rainfall estimates correlated with the sampling to assess stormwater representation. Vegetative habitat
characterizatfon and changes will be noted from each field sampling event,

Signage

Signage will be installed to acknowledge the source of granmt fundmor for the project, and at the same time actively
involve the public in educational efforfs to expand both the appreciation for, and the sénse of responsibility for,
stewardship and proactive protection of our aquatic resources. The signage will be attractive, informative, easy to
understand, and will educate people about the effects of their actions on the local and regional environment.
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Project Administration

Costs:

Federal $23.500 Non-Federal | $0 " Total: $ 23,500
(TCEQ: | (Match):

Objective:

To effectively administer, coordinate and monitor all work performed under this project including
technical and financial supervision and preparation of status reports

Subtask 1.1

| Project Oversight - Aransas County will provide technical and fiscal oversight of the project staff

and/or subgrantee(s)/ subcontractor(s} o ensure Tasks and Deliverables are acceptable, and are
completed as scheduled and within budget. With the TCEQ Project Managet's authorization, Aransas
County may secure the services of subgrantee(s)/ subcontractor(s) as necessary for technical support,
repairs, and training. Projeet oversight status will be provided to the TCEQ with the Quarterly Progress
Reports (QPRs).

'.Subtask 1.2

QPRs- Aransas County will submit QPRs to the TCEQ by the 15" of the month following each state
fiscal quarter for incorporation into the Grant Reporting and Tracking System (GRTS). Progress reports
will contain a leve! of detail sufficient to document the activities that occurred under each task during
the quarter, and will contain a comprehensive fracking of deliverable status under each task. Progress
reports will be distributed to all project partners.

Subtask 1.3:

Reimbursement Forms- Aransas County will submit Rejmbursement Forms to the TCEQ by the last
day of the month following each state fiscal quarter. For the last reporting period of the project,
Reimbursement Forms afe required on a monthly basis, specifically for the months of Jung, July, and
August of 2013, ‘

Subtask 1.4

Contract Communication — Aransas County will participate in a post award orientation meeting with
TCEQ within 60 days of contract execution. Aransas County will maintain regular telephone and/or
email communication with the TCEQ Project Manager regarding the status and progress of the project in
regard to any matters that require attention hetween QPRs. This will include a eall or meeting each
Jaguary, April, July, and October, Minutes recording the important items discussed and deeisions made
during each call will be attached to each QPR. Matters that must be communicated to the TCEQ Project
Manager in the interim between QPRs may include the following:
o Requests for prior approval of activities or expenditures for which the contract requites advance
approval or that are not specifically included in the scope of work.
° Notification in advance when Aransas County has schednled public meetings or events,
inftiation of construction, or other major task aetivities under this conteact,
# Information regarding events or circwmnstances that may require changes to the budget, scope of
work, or schedule of deliverables; these events or circumstances must be roported within 48
hours of discevery. '

| Subtask 1.5:

Contracter Evaluation - Aransas County will participate in an annuat Confractor Evaluation,

Subtask 1.8:

Project Fact Sheet - Aransas County will develop a one page fact sheet of the project using the TCEQ
NP8 Projects Template. The fact sheet will briefly describe what the project s going to accomplish, and |
will provids background information on why the project is being conducted, the current status of the '
project, and who is favolved in the preject. The project fact sheet will be submitted to the TCEQ within
60 days after coniract initiation. The fact sheet will be updated anmually, and submitted with the fourth
quarter QPR. The fact shest will be updated more often, as the project stafus changes. The fact shest
will be published on Aransas County website after approval from the TCEQ Project Manager,

i
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Subtask 1.7 | Annual Report Article - Aransas County will provide an article for the NPS Annual Report tpon
request by the TCEQ. This report is produced annually in aceordance with Section 319(h) of the Clean
Water Act (CWA), and 15 used to report Texas® progress toward meeting the CWA § 319 goals and
objectives, and toward implementing its strategies 4s defined in the Texas NP8 Management Program.
The article will ifclhude a brief summary of the project and deseribe the activities of the past fiscal year,

Mimites of Post - Award Orientation Meeting
Quarterly Progress Repotts

Reimbursement Forms

Minutes of Quarterly Coniract Conference Calls
Contractor Evaliation

Project Fact Sheet

Annual Report Article

Dieliverables

& & & @ ¢ @ 6
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Invasive Tree Removal

Costs Federal $22,000 ~ Non-Federal $0 Totak: $22,000
(TCEQ): (Magchj: - _
Objective: Remove Brazilian peppertree, Chinese tallow, and ofher invasive trees from the West Tule Creel and

Upper Tule Ditch area, in order to allow for the natural colonization of nearby native trees, shrubs, and
forbs which will ptovide shoreline stabilization, improve wetland functions, reduce erosion and
sedimentation, and help improve water quality conditions in the immediate area and downstream,

Subtask 2.1:

Invasive Tree Removal — Aransas County will identify, cut, and freat invasive root systesms, to prevent
resprouting. This will be accomplished through physical removal with heavy equipment such as
bulldozers, front-end loaders, and other specialized equipment, as well as hand tools such as chain SAWS,
followed by herbicidal treatment.

Subtask 2.2: | Prevent Seedling Regeneration — Aransas County will take steps to prevent seedling regeneration with
"basal spot" applications of aceeptable herbicides. Nearby desired vegetation will not be harmed.
 Subtask 2.3: | Imvasive Tree Removal Répaﬁ — Aransas County will prepare a report defailing the implementation of
invasive trée removal along Tule Creek.
Deliverables | o Invasive Tree Removal Report

West Tule Creek Sedimentation Pond and Habitat hcemem
Costs: Federal $127.802 Mon-Federal 5124200 Total: $252,003
{(TCEQY: e {Mlatchy: _

Ohjectives: To remove sediment transported from erosion oceurring npstream, reduce erosion, and protect/enhance
habitat.

Subtask 3.1: | Sediment Pound Coustraction- Aransas County will construct an elongated sediment pond immediately
below the confluence where the Upper West Tule Creek comnects with the North Tule Creek.

Construction specifications will involve "least harm approaches™ and nse of miats or large track |

equipment to avoid rutting and damage to habitat. The relatively small pond (approximately 1.5 acres)
emphasizing sediment control will be placed more or less on-line but so as to avoid changes to flood and
drainage control.

Subtask 3.2 Sediment Pond and Habitat Enkancement Repert — Aransas County will prepare Sedimentation
Pond and Habitat Enhancement Report.

Deliverables ® Photographs. decumenting construction of pond

e Sediment Pend Report
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Tasiz 4 Data Collection and Analysis ,
Costs: Tederal: |  $43,200 [ Non-Federal | $28,800 |  Toth | $72,000
Objective: | To provide the baseline information for defermination of amotuts of existing TSS NPSs of pollution; to |

 provide additional data for incorporation jnfe a model, which will serve to determine pollutant load

réductions needed to achieve the goals of the sediment trap pond. The information collected will also
form the baseline for future monitoring to determitie if pollutant load reduction goals of the
sedimentation pond are being met,

Subtask 4.1: | Data Quality Objectives and Monitoring Plan - Bstimated Load Reductions- A TSS concentration of

sediment will be removed. All that is needed is an estimate of removal rate to enable this caleulation. It

. associated with this monitoring program will be used along with the Quality Hydrologic Model

165 mig/L. was used as the influent TSS concentration value for the Tule Creek sediment trap BMP. It is
possible to estimate total loads discharged by Tule Creek now and.also with the sadiment trap in place
based on this estimate and on an estimate of flows from the watershed. Taking 35 inches of rain z year,
with an estimated volumetric roncff coefficient of aboit 0.75. Assumptions include 1/3 of all events
will be captured (large events will flow through) and 100% of the coarse solids and 50% of fine

is agsumed that for this small trap, coarse materials will be removed essentially completely, but that
finer materials will be reduced by .about 50%. Again, all of these numbers will need to be verified or
updated by actial numbers from the site, but the suggested sstimate load from Tule Creek is about 2.1
miilion pounds of sediment with the trap in place, per year.

The above numbers are indicative, but need o be updated with closer estimates. The field data

(QUALHYMO) for that purpose. This model was originally buili for BMP analysis on a continuous
shmulation basis, and is able to assess setthing and decay removal processes in a2 BMP, as well ag,
watershed flow generation and receiving water transporf. Recent funding by the Environmental
Protection Agency (EPA) and the City of Austin, as well as other public entities has expanded the
capabilities of the tool, in particular its ability to represent portioning of contaminants between fluid
and solid phases. Sediments can be simalated in 5 size fidctions, and are tracked independently. Each |
fraction is removed according to user specified velocities. BMP characteristics can include by-pass,
overflow, through-flow, exfiltration and regular discharge. Ldsses to evapotranspiration are .also
calculated on a continuous basis. In addition, the model has an effective set of calculation modules that
enable simmlation of distributed BMPs (Low Impact Development methods) and instream
characteristics. The instream computations include several sediment transport modules able to represent
strgam power, excess critical shear, and sediment transport, which will be useful in this project in the
event that erosive potential and erosive loads from the Tule Creek stream bank or bottom are to be
calculated. For the present, as a part of this mouitoring program, it is intended that the tool will be used
to estimate loads into the sediment {rap based on monitored flow and suspended solids data, and to
simulate removal n the trap as a fumction of grain size, particle density, trap volome, outlet
characteristics, mixing, through flow rate, overflow rate and sediment concentration distribution.

Subtask 4.2:
| planning meetings with the TCEQ Project Manager fo implement a systematic planning process. The
 information developed during the planning meetings will be incorporated into a QAPP. A planaing
- meeting may also be conducted to determine if any changes need to be made te an existing QATP.

Quality Assurance Project Plan (QAPP) Planning Meeting — The Aransas County will coordinate
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Subtask 4.3;

Develop a2 QAPP for Monitoring — The Aransas County will develop and submit a QAPE with oroject

specific data quality objectives using EPA Requirements for Quality Assurance Project Plans for
Modeling Plans (QA/RS) format and the TCEQ NPS QAPP Shell as a general guideline prior to the
Initiation of any data collection fo TCEQ. All of the monitoring procedures and methods prescribed in
the QAPP will use the TCEQ Surfice Water Quality Monitoring Procedures, Volume 1 aad 2 as a
guide. The QAPP will be developed by Aransas County with technical assistance from the TCEQ
Project Manager, Quality Assurance staff, technical staff, managemeinf, and contractors. The QAPP
must be approved by TCEQ before any data collection begins.

Subtask 4.4

Develop a QAPP for Modeling — The Aransas County will develop and submit 2 QAPP with project
specific data quality objectives consistent with the EPA Requirenents for Ouality Assurance Project
Plans for Modeling QA/G-5M format 120 days prior to the inftiation of any modeling activities to the
TCEQ. The QAPP will be devsloped by Aransas County, with technical assistance from the TCEQ
Project Manager, Quality Assurasce staff, technical staff, management, and contractors, The QAPP
must be approved by TCEQ before any data collection begins.

Subtask 4.5':-

QAFY Update — Aransas County will provide input to TCEQ 60 days priot to the end of the effective |
period of the QAPP, and will develop annual QAPP revisions no less than 45 days prior to the end of
the effective period of the QAPP.

Subtask 4.6

QAPP Amendments — Aransas County will document changes and reasons for amendments to the
QAPP, and revised pages will be forwarded to all persons on the QAPP distribution st by the
Contractor Quality Assurance Officer. Amendments shall be reviewed, approved, and incorporated into
a revised QAPP during the annual revision process or within 120 days of the initial approval in cases of
stgnificant changes,

Subtask 4.7

Monitoring - Monitoring will include surface water quality monitoring performed at four (4) locations
to assess post-construction TSS loading and the performance of the West Tule Creek Sediment Trap
Project, Approximately eight (8) sampling eveats will be attempted to represent baseling dry and wet
weather stormwater conditiops. Samples will be analyzed: for TSS, pH, conductivity, salinity, DQ,
temperature, and oil and grease.

Subiask 4.8

Modeling - QUALHYMO meodeling and BMP assessment will be conducted to assess the performance
of the West Tule Creek Sediment Trap Project. The model can track mass balance and concentration on
a continuous basis at any watershed or BMP discharge point. As part of this monitoring plan, the model
will be used to estimate loads into the sediment trap based on monitored flow and TSS data, and fo
simulate removal in the trap as a function of grain size, particle density, trap volume, outlet
characteristics, mizing, overflow rate, through flow raie, and sediment concentration distrihution. This
task will include the evaluation of the data from the stream water quality sampling program, streaim flaw
gauge station, piszoineter groundwater well elevation data, infiltrometer soil testing, stream flow rating
curve field measurements, biological and other field observations, and monitoring of rainfall gauges and
rainfall meteorelogical data.

Subtask 4.9

Data Submittal - The Aransas County will review, verify, and validate water quality monitoring
. modeling data before it is submitted to TCEQ. Data will be submitted to TCEQ twice per year prior to
use, or prior to presenting to stakeholders,

Deliverables ‘

® Draft and Final Monitoring and Modeling QAPPs

Draft ard Final Menitoring and Modeling QAPP Annual Updates

Draft and Final Monitoring and Modeling QAPP Amendments

Data Submittdls

Water quality monitoring non-conformances, reported in quarterly PLogress reports

& @ ® @
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[ Task 5: xgmge
Costs: Federal §5000 | MNon-Federal $0 | Toul $5,000
‘ (TCEQ): (Match);
Objective: To acknowledge- the soutce of grant funding for the project and expand the public's appreclation and

sense of responsibility for stowardship and proactive protection of the aquatic resources.

Subtagk 5.1:

Signage will be installed that blends info the environment and is not visually disruptive.

Deliverabi'es

& Photographs documenting installation of signs.

Task 6; . Final Report
Costs: Federal $8.000 Non-Federal $0 Total: $8,000
{(TCEQ): (Match):
Objective: To provide the TCEQ and the EPA with a comprehensive report on the aetivities and success of the
__| proposed project.

Subtask 6.1: | Draft Final Report - Aransas County will provide 2 draft final report summarizing all project
activities, findings, and the contents of all previous deliverables, referencing and/or attaching them 2s
web links or appendices. This comprehensive, technical report will provide analysis of all activities
and deliverables under this scope of work. The repost will includs the folléwing itformation:

o Title
¢ Table of Contents
¢ Executive Summary
® Introduetion
o Project Significance and Background
e Methods
e Results énd Observations
@  Digcussion
e Suminary
e References
e Appendices
- Subtask 6.2: Final Report - Aransas County will revise the Draft report to address comments provided by the
' TCEQ Project Manager.
e  Draft Pinal Report
: ¢  Final Report
- Deliverables: e Draft Final Report
e Final Report
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i e e 55

To tmprove the water quality in Tule Creek by 1 trapping sediments and cleansing stormwater before it is discharged
downstreain; 2) monitoring water quality o assess the water quality treatment performance of the proposed sediment
pond, to determine the need and basis for fnprovements to the sediment pond, and to identify the stormwater pollutant
characterization of Tule Creck; and 3) providing for the natural colonization of native trees, shrubs, and forbs, which will
provide shoreline stabilization, reduce erosion and seditnentation, and filter and uptaks pollutants.

Success will be measured by:

1} Construction of a sediment pond atong West Tule Creek;

2} Reduction of sediment from erosion occuring upstream along West Tule Creek;

3) Water quality monitoring, to assess the water quality treatraent performance of the proposed sediment pond, to
determine the need and basis for improvements to the sediment pond, and to identify the stormwater pollutant
characterization of Tule Creek; and

4) Reduction in the number of invasive frees.

Goals and/or Milestone(s)
Flement one — Explicit short- and long- term goals, objectives and strat egies that protect surface water,

LTG Objectives
1 - Aransas County will focus NPS shatement efforts, implementation strategies, and available resources In
watersheds identified by Regional Stormwater Master Plan as impacted by nonpoint source pollution.
2 - Aransas County will support the implementation of reglonal Stormwater Master Plan to prevent
nonpeint source pollution through implementation and education.

STG Objectives
2A - Aransas County will work with regional and local entities to defermine priority areas and develop and
implement strategies to address NPS pellution. in thoée areas
2B - Aransas County will develop and implement BMPs to address decline in water quality and loss of
seagrass as identified by MA-NERR, City of Rockport’s and CRBEP’s water quality data.
34 - Aransas County will efthance existing outreach programs at the regional level to maximize the
effectiveness of NPS education.
3B - Aransas County will administer programs to educite cifizens about water quality and their potential
role in causing NPS pollution.
3C - Where applicable Aransas County will expedite development of technology transfer activities to be
conducted upon completion of BMP implementation.
 Element Two - Aransas County will work with the regional Stormwater Master Plan partnerships to prioritize
| and implement the stormwater BMPs along Tule Creek:
Element Four - Aransas County will abate water quality impairments from nonpotnt source pollution and
prevention of significant threats to water quality from present and future nenpoint source activities.
Texas Coastal Nonpoint Source Pollutien Controel Program
Chapter 5 - Management Measures
5.2 - Urban Developing Areas
5.2.5 « Urban and Developing Arcas Management Measure

5.2.5.2 - Urban Runoff: Watershed Protection from Urban Runoff - Aransas County |

17



_ _ __Agreement No. 582-10-90462
is developing watershed protection program to: o -
(1) Avoid conversion, to the extent practicable, of ateas that are particularly
susceptible to erosion atid sédimeit loss;

(2) Preserve areas that provide important water quality benefits and/or are fecessary
to maintain riparian and aquatic biota; and

(3) Site development, te protect.fo the extent practicable the natural integrity of
waterbodies and natural drainage systems,

5.2.5.3 « Urban Runoff: Site Development Management Measures  Aransas County
will plan, design, and develop sites to:

(1) Protect areas that provide important water quality benefits and/or are particularly -
susceptible to erosion and sediment loss;

(3) Limit land disturbanee activities such as clearing and grading, and cut and fill to
reduce erosion and sediment loss; and

(4) Limit disturbance of natural drainage featurves and vegefation.

Milestone 1:
Milestone 2:
Milestone 3:
Milestone 4
Milestone 4:

Completion of Stakeholder Involvement Plan
Conduct Public Outreach Workshop

Comnstroct Preferred Stormwater BMPs

Eliminate Brazilian Peppertree and Stabilize the bank
Submit Final Report

Estimated Load Reductions- A TSS concentratmn of 165 mg/L ‘was uged as the mfluent T§
Tule Creek sediment trap BMP, 1t is possible to estimate total leads discharged by Tule Creek now and with the sediment
trap in placs, based on this estimate and on an estimate of flows from the watershed. Taking 35 inthes of rain 4 year,
with an estimated volumetric runoff coefficient of about 0.75, and assuming the sediment trap captures 1/3 of the events,
all that is needed s an estimate of removal Tate to enable this calculation. ¥ is assumed that for this small trap, ecarse
materials will be removed essentiaily completely, but that finer materials will be reduced by ahout 50%. Estimated load
from Tule Creek is about 2.1 million pounds of sediment with the trap in place, per year.

concentration value for e
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Agreement No. 582-10-60462

Federal (FCLO $229,502 % of total preject 80%
Beimbursable)
Non-Federal $153,001 % of toial project (at least 40%) 40%
(Miatch) —

Category era

a. Personnel $ $

b. Fringe Benefits § $

¢, Travel $ §

d. Supplies § §

¢ Equipmeat b $

{, Contraciual $229.502 $153,001 $382,503.60
g, Construction § 3 0

4, Other $ 3 3

i. Total Direct Costs (smm a-h) $229,502 $153,001 $382,503.00
j. Indirect Costs (<15%) $ $ 3

k. Total Grantee Cosis (som 1 & j) g $ 3

L. Gther In-kind / Third Party - = $ $

m. Total Project Costs (sum k & I $229,502 | $153,001 $382,503.00




Category

Total Amount

Agreoment No: 582-10-90462,

Justification

Personnel

$0.

Fringe Benelity

$9.

| Travel

$90.

| Equipment

30,

Bupplies

50.

Contractusal

" §229,502

Grant Administration- $23,500

Aransas County contracted with The Grant Connection, a focal grant services
provider, to administer the grant requirements of this project. The Grart
Administrator will work closely with the Project Manager (David Reid) to
make certain that the project proceeds on fime and within budget, and that all
praject deliverables are submitted on time, ‘

The Grant Administrator will:

s Be in charge of the compliance with TCEQ program rules and regulations
by monitoring project reporis, invoices, deliverables, and providing
tesources needed for the siiccess of the project;

@ Agsist county personnel with preparation of performance and financial
reports as required by the terms deseribed in the grant Agieement;

e Meet with the Aransas County Project Manager weekly, at a minimum, by
phone. or 1 person to receive oral reports regarding the progress of the
project, and to discuss potesitial problems; and

e Visit the project sites, along with the Project Manager, at least once. per
month.

1 Invasive Tree Removal- $22,000

Physical removal of approximately 1.5 - 2 acres, with heavy equipment,
as well ag, hand tools- $15,000
Treat invasive root systems, fo prevent resprouting - 37,000
Sedimentation Pond Construetion- $127,802
Tnitial TSS Characterization, BMP Performance Monitoring and

| QUALHYMO Modeling- $43,200

Pygmy Meter $600
Multi — Parameter Meter $1,500
Flow Monitoring Equipment and Tnstatlation $12,000
Field Sampling/Flow Rating Curve $4,500
Analytical Lab Sample Analysis $200
Pierometer/Infiliration Monitoring $7,800
QUALHYMO Modeting/Data Evaluation $6,000
QAPP Plan Preparation $6,000
Reporting $4,500
Signage- §5,000
(2) 24 x 36 panels on lexan for UV protection
Sign design - $2000
Sign fabrication - $2000
Matetials, Mounting and Labor - $1000

Final Report- $8,000

Comstraction

$0

Other

30.

Tudirect

$6.
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Category Teotal Amount
Personnel 36,
Fringe Benefits 56.
Travel &0,
_ Equipment 40,
Suppiies $0.
Contractual $153,001 Sedimentation Pond Constraction- $124,201
: Initial TSS Characterization, BMP Performance Monitoring and
QUALIYMO Modeling- $28,800
Pygmy Meter $400
Multi — Parameter Meter $1,000
Flow Monitoring Equipment and Installation $8,000
Field Bampling/Flow Rating Curve $3,000
Analytical Lab Sample Analysis $200
Piezomster/Infiltration Monitoring $5,200
QUALHYMO Modeling/Data Evaluation $4,000
QAPE Plan Preparation $4,000
Reporting $3,000
Counstruction 50
Other §0.
Tudirect _ $6.
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2009 319(h)

Aransas County Deliverable Due Dates

REVISED July 25, 2011

Agreemant No. 582-10-00462

Schedule of Deliverables Based on Anticipated Projest Puntlinig/Initiation Date

Task I- Project Adminisiration.

Task No. Subtasks and Weliverables Due Date
Subtask 1.1 | Post Award Meeting Within 60 days of
L . gontract execution

Subtask 1.2 | Quarterly Progress Reports the 15th of the month

following each state fiscal
quarier

Subtask 1.3

Quarterly Reimbursement Requests

The last day of the month |
following each state fiscal
quarter

Subtask 1.4 | Quarterly conference call with TCEQ The fast day of Jamuary,
April, Juby, and October
Subtask 1.5 | Contractor Evalvation 15 days following the end
B the state fiscal year [
Subtask 1.6 | Initial Project Faet Sheet “Within 60 days of

contract execution

Subtask 1.6

Project Fact Sheet Update

15 days following the end
the state fiseal year

Subtask 1.6 | Final Project Fact Sheet Update 15 days following the end |
the sfate figeal yoar
Subtask 1.7 | Annual Report Article ~ upon request by TCEQ 15 days following the end
of the state fiseal year
Task 2- Invasive Tree Removal
Task No. Subtasks and Deliverabley Proe Date
Subtask 2.1 | Invasive Tree Removal June 15,, 2012
Subtask 2.2 | Prevent Seedling Regeneratfon :- June 15, 2012
Subtask 2.3 | Invasive Tree Removal Report June 15, 2012
Deliverable |

Task 3- Tule Creek West Sedimentation Pond and Habitat Enhancement

Task No. |

Deliveralle

Pue Date

Subtask 3.1

- Sediment Pond Construction

| September 30,2012




Agreement No, 582-10-90467

Deliverable | Photo documenting construction of pond and October 30, 2012
Subtask 32 | Sediment Pond and Habitat Enhancement Report

Task 4 Water Quality Monitoring

Task Ne. Tasks and Deliverables " DueDate
Subtask 4.1 Data Quality Objectives and Monitering Plan Included in QAPP
Subtask 4.2 Quality Assurance Project Plan (QAPP) Planning October 30, 2011 and as

Meeting _ needed basis
Deliverable Develop a draft QAPP for Monitoring Jatuary 31, 2012
Subtask 4.3 Develop a final QAPP for Monitoring April 30, 2012
Deliverable | Develop a draft QAPP for Modeling January 31,2012
Subtask 4.4 | Develop a final QAPP for Modeling April 30,2012
Deliverable | QAPP Update Aransas County will
Subtask 4.5 ¢ provide input to TCEQ
60 days priorto the end
of the effective period of
the QAPP, and will
develop annual QAPP

revisions no less than 45
days prior to the end of
the effective period of the
QAPP

Beliverable QAPF Amendments Amendments shall be
Subtask 4.5 reviewed, approved, and

| incorporated info a
revised QAPP during the
antmual revision process or
within 120 days of the
mitial approval in cases
of significant changes.

Subtask 4.7 | Monitoring Included in QAPP

Subfask 4.8 Modeling Included in QAPP

Deliverable | Data Submittal Available data will be
Subfask 4.9 | submitted 6 month
' mtervals starting once the
QAPDP has final approval.

Deliverable Water quality monitoring non-conformances Reported in quarterly
prograss reports
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Task 5~ Signage
Task Meo. Tasks and Deliverables Due Date
5.1 Tnstall Signage January 38, 2012
Delivorable | Photographs documenting installation of signs. February 15,2012
Task 6- Final Report

Task No. Tasks and Deliverables Duge Date
Dieliverable | Drafi Final Report June 15, 2013
Deliverable | Final Report Tuly 30, 2013
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1. Title of Project:

Texas Coinmission on Environmental Quality
CWA §3719(h) Nonpoint Source Grast Program
FY 2011 Proposal 1.85

1.05 Upper Tule Creek West Widening and Slope Protection and Realignment Project

Z. Project Goals:

To reduce erosion; sloughing of creek banks; and transportation of fine sand and other sediments
through the West Tule Creek System to Litile Bay.

3. Project Tasks:

(1) Project Administration; (2) Engineering Analysis, Modeling, Permitting, Design, Water Quality
and Best Management Practice (BMP) Performance Monitoring, and Project Management; (3)
Construction; {4} Final Project Repott,

4, Measnres of Sugcess;

Success will be measured through completion of stormwater BMPs that have fion-poitt sotrce runoff |
pollution control capability and habitat value and load reduction from the BMPe,

5. Project Type:

Implementation (X); Education (); Planning ( ); Assessment () Groundwater { )

6. Status of Water Body:

2908 Texas Water Quality
Inventory and 303(d) List

Segment ID: Parameter: Category:
Aransas  Bay/Copane  Bay | Bacteria Sa
Watershed

7. Project Focation
(Statewide or Watershed
and County)

Tale Creek- Aransas County

8. Key Project Activities:

Hire Staff ( ); Surface Water Quality Monitoring ( ); Technical Assistance ( ) Bducation { );
Tmplementation (X); BMP Effectivencss Monitoring (X }; Demenstration { ); Planning ( ) Modeling |
(¥ ); Bacterial Sourcé Tracking {); Other () '

9. Texas NP'S Management
Program Eleinenis:

- Element One (LTG Objectives 1 and 2; STG IB, STG IC, §TG 1E, STG2A, 8TG 2B, TG 3C)

Elemient Two
Hlement Four

This project is also consistent with the Texas Coastal Nonpoint Source Pollution Contro! Program

| Chaptér § - 5.2,5.2 and 5.2,5.3.

10. Project Costs:

Federal $206,156 Non-Federak $137,43% Total: $343,504

11. Project Management:

Aransas County

12. Project Period:

Upon signature of both parties — Angust 31, 2014




David Reid, P.E.

Afsistant County Engineer

Aransas County

T4-6001998-1

dreid@aransascounty.ofg

1931 FM 2165

Rackpoit F€omiity | Aransas

361-790-0152, extension 23

| Texas Commission O Bnvironmental Quality (TCEQ)

 Provide state oversight and management of all project
' activities and ensure coordination of activities with related
| projects and Texas State Soil and Water Condervation
- Board (TSSWCB).

City of Rockport, Texas

| Provide planming and design guidance and assistance.

Town of Fulton, Texas

| Provide plaming and design gwidance and assistance.

Aransas County Navigation District

Provide planning and design guidance and assistance,

This project is designed to address fequirements of the Coastal Zons Reauthotization
Amendments (CZARA) and implement the Texas Coastal Managerient Program (CMP)




Hydrologic Unit 365 () .
- . Segment [N Size (Acre
Walershed Name(s) Code (8 Digit) g Category (Acres)
Aransas Bay/Copano Bay Waisrthed 12100405 2472 Sa 2,100

Describe all known eavses {pollutants of concern) of water quality fmpairments from any of the following Sources; 2008
Texnas Water Quality Inventory and 303(d) List, Clean Rivers Program Basin Sammary, Basin Highlights Reports or Other
Documented Sourees,

Aransas County is surrounded by seven bay systems including thres (Copano Bay-Port and Bay-Mission Bay,} that are listed a3
“water bodies that do not mest applicable water quality standards or is flweatened for one or more designated uses” and are also listed
as Category 5a. These bays are listed due to bacteria contamination (oyster waters) and stormwater runoff from land use practices
upsfrea.

Sediment has besn identified as a pollutant issue in Little Bay, which discharges into Aransas Bay,

Z8, Problem/Need Siatement

Aransas County is experiencing growth in population of both permarient and part-time residents. Pevelopment pressure poses a
gserious threat o the quality of the wafiands,_ wildlife habitats, and water resources that make ths region attraciive. As moge gnd more
land is converted fo residential or commercial uses, the potential for watet quality degradation s increased, Pollutarts that threaten
the health of the area’s six bays are nutrients and sediments from human activities such as shoreline development, and polluted

rungff. [

This threat is rnost obvious in Little Bay, a shallow bay within the corporate boundaries of the City of Rockport that historically has |
supported & productive fishery, large flocks of wintering waterfowl, and large pepulations of nesting water birds. Little Bay is
bounded on the south and southeast by public lands (Rockport Beath Park, Festival Grounds) and on the west by a street with
miuttiple patking aveas. Tt fs fully accessible to the public and nsage levels are high, especially on weekends. It 1s utiized year round
with a variety of water-based recreation, including kayaking, boat pier, wade fishing, swimming, windsurfing, skiing, and birding.
Universities and publie schools from thronghout South Texas use Little Bay as a reseavch and teaching resource, and it is common to
| $ce groups of students on Little Bay or along its shore, taking pert in envirommental studies and field frips. Apart from Liftle Bay
there are very few locations im Aransas County that provide public access to wade fisherman, and the shore-based recreational
opportunities afforded by Rockpert Beach Park.

Water Quality studies have been conducted by Mission Aransas-NERR (MA-NERR) to detenmine the extent of problems within the
surrounding Aransas County, and the City of Rockpert’s Water Quality Committee has several vears’ data surroundin ¢ the declific in
water quality in Liftle Bay. In addition, Coastal Bend Bays and Estuaries Program (CRREP) has determined that the skagrasses i
Little Bay have been declining since the 1960°s. Just four vears ago flats of Littls Bay were lush with marsh gragses, In recent years,
the bay bottom that has historically” supported the seagrasses and fringe marsh that line the perimeter of the bay have almost
disappeared. Recent studies cempleted by the University of Texas Marine Science Ingtituts, MA-NERR, and the CRBEPS,
"Assessment of Littfe Bay Water and Sediment Quality in Relation to Indices of Seagrass Condition" have identified stormwater as a
possible factor limiting seagrass growth in Little Bay. A comparison of historical aerial photography indicated that sediment to Little
Bay near stormwater owifalls was displacing vegetated wetlands. On the west side of the Live Oak Peninsula, sections of Copano
Bay and Port Bay have been closed from time to time to oystering due to loealized water pollution problems.

Tule Creek is a 2340-acre watershed that earries both stormwater drainage and sewage effluents into Little Bay. The streath drains
areas of the City of Rockpoit, the Town of Fulton, and areas of Aransas County outside the jurisdiction of either municipality. The
Tule Creek watershed is mrbanizing, and the population in the area is expected to increase in the next two decades. The Aransas
County Navigationl District (ACND) owns Little Bay by virtue of a land patent from the Texas Legislature, and the ACND
cooperates with the City of Rockpert in managing Little Bay. Thus, all governmental entities in Aransas County are involved in a
cooperative éffort to protect Little Bay, and there is consensus among these entifies that the Tule Creek drainage and pollution of




Little Bay are 'tep*priority concerns within the frameworlk of the regional program to protect water and improve wildlife habitat
described above.

The project site, Upper Tule Cresk West, js an nnpiove;d earthen drainage ditch with steep and barren slopds that has been modified
over the years, including filling and ditch excavating of varions areas ds well as pipe-type culverts, The U8, Fish and Wildlife
Service National Wetland Faventory Maps (1970-1980) identify the wetlands in this floodway to be palusirine emergent, forested,

peisistent, and temporatily flooded. There are also upland areas within and along the drainage way. The restoration of this area with
stormwater BMPs will provide fmproved stormwater qualify habitat afong with a range of f control benefits.

Stormwater moving through Tule Creek eventually discharges into Litile Bay, which is currently experiencing water quality
degradation due to a number of factors, including sedimentation from Tule Creek, This is largely due to the steep banks of the creek,
which is unable to maintain adequate vegetation, and is badly eroding. Upper Tule Creek West Ditch. also takes a sharp turn that is
eausing severe erosion. The water rushing down the creck has to make an almost ninety degree tum; the energy of the water,
particularly duriiig time of major storm events, eats away at the sandy banks of the ditch.

Aransas County and the City of Rockport are not regulated municipal separaie stotm sewer (MS4) systems. The ACND is alse not a
regulated MS4. AS a result, these Jocal govermments are not required to have a stormwatsr permit. Aransas County is voluntarily
developing 4 Stormwater Master Plan with an emphasis on stormwater management and implemeniing BMPs. Aransas County,
along with the City of Roekpoit, the ACND, and the Town of Fulton, are cooperatively developing a regional stormuwrater master plan
- the Aransas County Stormwater Management Plan (ACSMP) - that inclodes implementing stormwater BMPs within. the priority
Tule Creek watershed, The City of Rockport owns the Tule Creek and right-of-way, which is the location of the proposed BMPs.
The coordinatioa between the City of Rockport and Aransas County is being done to help mamage Tule Creck stormwater and BMP
fazilities to be constructed on City property through Interlocal Agreements.

The proposed project will hélp aécomplish the following objectives of the ACSMP:

e Decrease flooding impaet on ifrastracturs

e  Decrease siltation, poliutants, and nuirient loading in the surrounding bays

e Preserve ecological integrity of Aransas County and the Live Oak Peninsula

o Tritroduce a regional, Tong term, and low maintenance approach toward the water volume and quality
issues

o Tdentify and implement immediate and continued stormivater BMPs

s Integrate an ACSMP into the existing permitting process for Aransas County, the City of Rockport, and
the Town ¢f Fulton, including colesive design ceiteria and acceptad storm eveut, frequoncies; and

e  Usea planming process that is transparent with epportunities for public participation and education

Using an overall watershed maiagement approach to this ACSMP project will include implementing stormwater BMPs that provide
water quality and ecological enhancements with draluage control improvements.

The ACSMP is being completed in three (3) phases, the first two of which ave completed. The First Phase involved a Project
i Platming and Needs Assessment: The Second Phase focused on Modeling, and Evaluation: and Alternative Analysis; and the Thixd
Phase, currently underway and is ongoing, includes Preparation and Implementation of the Master Plan and BMP Implementation.
Arensas County bas developed a Stermnwater Management Advisory Commiitee anid Technical Advisery Committee composed of
representatives from Aransag County, the Cities of Rockport, Aransas Pass and Fulton, and the ACND to assist in guiding the
performance of the ACSMP. The Naismith Engineering Project Team has been selected by Aransas County to prepate the ACSMP,

Ir: Phase II, a detailed hydrologic and hydraulic model (H&H) wis created to closely simmlate existing conditions and defermine

| existing peak: flows and water Jevels for three design storms, 5-y¥, 25-y1 aiid the 100-year 24-hour sforms. H&EH madeling used
HEC-HMS and ICPR (Interconnected Pond Routing Software) and the nodeling information along with site visits identified the
altesnatives to sites suited for BMPs. The set of the recormmended projects and coneepiual plans were developed based ona

- combination of flood and diainage contrel, stormwateér quality, and eeclogical considerations. The H&H modeling and drainage
analysis has been finalized and initial findings on water quality and BMP design is addressed in the Tule Creek Watershed Report,
which recommends the county address 5 priority areas along the creek.

Thke Tule Creek Project and entire ACSMP is a voluntary effort by a non-regulated County to improve stormiwater management-and
head-off the potential for Tule Creek or Little Bay-Aransas Bay to become impaired 1ike iheir fieighbor Copano Bay-Mission Bay.
The Upper Tule Ditch is a source of sediment load to Little Bay and the proposed project will reduce the foss of sediment from
urimproved ditch slopes. Providing improved ditch sloping and vegetated slep protection wiil reduce sediment load. This project
when combined with the FY2009 West Tule Creek Sediment Trap Poud will reduce the sediment ransport to Little Bay,

As part of the ACSMP, various local, state and federal grant opportunities have been evaluated and aequired through a competitive




grant solicitation effort. These grant opportunities weie pursned in order to obtain added funds fhat could be usad fo implement |

stormwater management devices. The grant opportunities that have been suceessfully accomplished are summarized as follows-

FY 2009 CWA Section 319(h) grani- Arensas County was awarded this grant for construction of a sediment pond and habitat |

| enhancement project af fhe Tule Marsh East and Tule Ditch West avea. This project will start construction in Tate smmmer or early

fall, 2011. The purpose of the grant is to improve the stormwater quality of Tule Creek by construeting a sediment trap pond with

non-point source treatment capabilify and forested wetlands habitat and habitat value and thereby jmproving water quality from Tule

Creek discharging to Little Bay and Aransas Bay. There is little to no pollutant load daia for Tule Creek. Ounly studies by MA-NERR
- and CBBEP, which identify problem and concerns with habitat changes in Liitle Bay. Some very Hmited water quality data hag
been collected by the City of Rockpart Water Quality Committee for purposes of identifying baseline nutrient levels, This study by
the Water Quality Committee only involves grab samples of certain. nutrient Ievels, deds not invelve any measurements of
streamflow or loading, and included no data on solids. There has never been a water quality stidy by any entity on Tuls Creek that
has established Joading relafed to stormwater or any other soures. There is coordination ohgoing between the Cly and County to
collaborate on continued water ¢uality monitoring, The stream is currently under no regulatory controls such as 2 Total Maximium
Daily Toad (TMDL) or aquatic life use criteria. A proposed amendment to this project includes a monitoring plan to collect baseline
and BMP sffectiveness monitoring data for Tule Cresk. If approved, the monitoring included will be the first opportunity to siart
quantifying polhitants, as well as data from piezometers and infiltrometers to help in better understanding stormwater influences on.
Tule Creek. Thekey pollutant in question is sediment although there fs a history of septic tank use in the watetshed whereby bdgteria
from such septic tank discharges can be expected to adhere to sediment particles. Sediment is the key pollutant expected to be
reduced in the watershed by the recommended BMP project.

Tule Creek West Sediment Pond and Habitat Enhancement (FY 09 319(h) project) and Upper Tule Creek West
Widening/Enbancement (proposed FY 11 315(h) project) are priority #1 and #2 according to the priority project recommendations,
The total F'Y 09 praject is $238,000 which includes $95,200 in local in-kind contribution of excavation work fom Aransas County.

Texas General Land Office (TXGLO) Coastal Monagemani Program (CMP} gront Jor Land dequisition- Arensas Counsy was
awarded TXGLO CMP grant to puschase approximately ten acres areas within the City of Rockport property for a combined
stormwater poud and riparian habitat and woodland habitat protection and enhancement project. The project called Tule Creek North
Pond and Habitat Enhancement whick is priority # 5 according to the priority project recommendaticns. The total project is $485.600
which includes local contribution of $194,040.

Coastal Impact Assistance Program (CIAP) Live Oak Peninsula Shoreline Enhancement Profect- The County was awarded CIAR
grant which will involve shoreline stabilization using living shorelines techniques along Fulton Read-Aransas Bay shoreline. In
addition, the project will involve wetland protection and enhancement along little Bay. The County has thus far dedicated $1,124.418
of their FY07 and 08 4llocations to this project.

The Cotnty has essentially used $1.496 million in County special use taxes for quality of life improvement (through stormwater |

improvements) to leverage almost another $1.5 million in grants related to stormwater management, habitat protection, and
educaifon. Aransas County bas acquired a range of grants which do not overlap, do not violate any state/federal grant rule regarding
use of match, and all target different aspecis of stormwater management from construction. BMP fapilities, to land acquisition, to
constructing education facilities, end performing stormwater management plans. Aransas County has utilized CIAP funds to
reimburse portions of the Phase TT work and will fand outstanding costs not reimbursed by CIAP.

The ACSMP recommendations include additional water quality sampling and monitoring which will compliment the results of the
ongoing CBBEP and MA-NERR testing, including staticns along Tule Creck.

The BMPs identified thus far are to construct the West Tule Creek Sediment Trap Pond using TCEQ FY2009 funds. In addition, we
propose to use TCEQ ¥FY2011 funds to comect a sourte of the sediment pollutants from an wnimproved-eroding ditch {Upper Tule
Creek Ditch) by improving the ditch slope with vegetated slope protection.

This project is designed to address requirements of the Coastal Zone Reanthorization Amendments {CZARA) and implement the
Texas Coastal Management Program (CMP). The project will reduce the erosion of sediment from Upper Trle Creek to ittle Bay.
Consistent with the requirements of the CZARA the state’s strategy for meeting one of the requirements for New and Existing
Development; Site Development; and Watérshed Protection was to fund projects in areas within the coastal houndary with fisture
CWA Section 319(h} allocations. Whils the FY 2009 Tule Creek project was already lsted under implementation activities which
will support above conditions, the proposed 2011 project is also a TCEQ NPS hitfative that will have tangible results by providing
sediment load reductions in Tule creek and Liitle Bay which drain into Aransas Bay.

The project is also.consistent with Texas Coastal Nonpoiut Source Program by aveiding conversion, to the extent practicable, of




areas that are particularly suscepﬂble to erosion and sediment loss; preserving areas that provide important water quality benefits
and/or are necessary to maintaln riparian and aquatic biota; protécting to the extent practicable the natural integrity of water bodies
and netmal drainage systems and aveas that provide iportant water quality benefits and/or are particularly susceptlb Ie to erosion and
sediment joss; and limiting land disturbarice activities such as clearing and grading, cut and 11 to reduce erosion and sediment loss,
and disturbance of natiral drainage features and vegetation.

There has been outstanding coordination between City of Rockport, Aransas County, Aransas County Navigation Distiict, and the
Town of Fulton while developing a storm water master plan. This préiect is a good example of 2 vohitary effort by a Ron-regulated
County to improve stormwater management and protect the water quality. The project when combined with the FY2009 Tule Creek
Project will reduce sediment transport to waters swrounding the Live Oak Peninsuta, which include Little Bay, Aransas Bay, and
Copano Bay.

As a part of their stormwater management plan effort, various local, state. and federal grant opportunities have baen evaluated and
acquired, One such example is the Coastal Impact Assistance Program (CIAP} through which grant Fulton Rozd-Aransas Bay
shoreline will be stabilized using living shareline techniques. In addition, this project will invalve wetland protection and
enhancement along Little Bay. Aransas County hag utilized CIAP funds to reimbuise portions of the Phase T stormater management
plan work and will fund outstanding costs not reimbursed by CIAP. The County has this far dedicated $1,124,418 of thefr County
Management Plan F'Y 07 and FY 08 allocation to this projest. The County has essentially used $1.496 million in County special use
taxes to leverage afmost another $1.5 million in grants related to stormwater management, habitat protection, and education.

39, General Projéct Description (Include Projeet Location Map)

The Upper Tule Creek West extends from the City of Reckpart Wastewatet Treatment Plant to the Tule Lake West area. The western
bank of the project section has not been cleared or mataitied and it currently contains native riparian vegetation. The ereek is |
| experiencing significant erosion during rainfail events, This sediment is carried downstregm and will ultimately reach the Little Bay
ecosystem. The purposs of the Upper Tule Creek Westproject is to-stop immediate, chronic erosion in speciflc areas.

The project will include final engineering, permitting, plans and specifications preparation, completion of a construction bidding

- process and the construction of BMPs. The proposed immediate action will utilize appropriate techni quas to ré-vegetate and stabitize
these eroding banks. These techniques require that the creek banks be re-shaped to greater than a 5:1 slope to reduce water velocities |

. and permit re-vegetation using & geogrid fabric and re-seeding. Various alternative vegetative-sloping and erosion control téchniques
will be evaluated and the selected approach will be permitted and designed, Seetions of the ditch will be lined with a combination of
rock ditch liner and appropriate erosion control blankets, followed by re-seeding the banks with pative coastal préivie grasses. The
ultimats goal of the project is to impreve water quality in the immediate ares, ané downsiream, by eliminating the source of
sedimentation and twbidity,

The project will sffectively improve water quality moving downstream into Littls Bay by creating a shallow sloped, vegetated,
| meandering stream with, small "riffle ponds” in place of the present straight ditch. Improvements to the creek farther downstream,
with widening and sloping, have proven highly suceessiul in preventing erosion.

- This ayea of the Upper Tule Cresk West channel is a principal source of erosion problems and sediment discharged to Litle Bay.

| This project will provide slope protection, widening, and realignment, to reduce erosion runoff and downstream sedimentation
occurring within the existing channel, along with invasive tree removal. Widening the bottomn of the channel will establish an

- aesthetically pleasing, natural meander with pool areas and riffles. Possibls slope protection fechnigues include a combination of
vepetated or articulated block-type slope protection. Following engineering analysis and public input, the county will determine a
solution for the erosion problems caused by the sharp bend in the creek, which is causing severs erosion on the north side of the bank
near adjacent homes, Alternatives for correcting the problem will likely include the "softening" and realignment of the bend, with a
settling pool or by structural means, such as construction of a concrete bark or installation of articulated block to absorb energy.

The proposed project involves the excavation of upland areas fo establish a wider and more gradual bank slope conducive to. re-
vegetation and stabilizatien. The project site contains native trees such as live oak {Quercus virginiana), sweet bay (Persea
borbonia) and black willow (Salix Niger), shrubs such as yavpon (flex vomitoria), coral bean (Erythring herbaced), bayberry
{Morella cerifera), and American beautyberry (Callicarpa Americand). All excavation and construction activities will be performed




within upland areas and no existing natural wetlands will be filled 2¢ & vesult of this project. Approximately 1 acre of woodland will
be cleared. Some of the excavated material will be placed in designated upland arsas, and the cleared vegetation will be hauled to
nearby disposal sifes.

A water quality sampiing and monitoring program and QUALHYMO modeling is being proposed as part of the Upper Tule Creek
West Improvement Project and West Tule Cresk Sediment Trap and Habitat Exhancement Project. The current FY 09 grant CWA
Section 319 (h) grant Project (West Tule Creek Sediment Trap Project) will be amended to begin the monitoring and modeling
program by preparing a QAPP, purchasing testing equipment, fistalling stream gauges/groundwater elevation monitoring
piezometers/soil hydraulic conductive infilirometer testing, initial work fmvolving the QUALHYMO model and BMP performance
assessment and reporting.

This proposed project will invoive the majority of actual field sampling and measurements, finalizing the QUALHYMO medeling
and BMP performance assessment, and reporting/final report preparation. The QUALHYMO was originally developed foruse at 2
watershed seale and it is therefore watershed oriented. This model is based on a contimious simulation methodology that includes
rainfall/runoff and snowmelt processes. Tt can stimulate water and can add sediments and dissolved constituents to the analysis
process. The data from the proposed monitoring task in FY 09 319(h) grant project will help simulate this model, The madel will
estimate the water quality poliutant loadings in the Tule Creek and load reductions from the Tule Creel West Sediment Pond ane
Habitat Enhancement BMP (FY 09 319(h) grant project). This model will also help in estimating pollutant reduction from Upper
Tule Crock West Widenmg/Enhancement BMP (Proposed FY 11 319(h) grant projest).

An initial and ongoeing step in the construction process will involve selected clearing of various invasive trees, including the Chinese
tallow, which thrives in river corridors and sandbars and is capable of rapidly replacing existing native vegetation, and Brazilian
Peppertree, which threatens the desiruction of natural vegetative communities and ecosystems. Eliminating the invasive trees will
help provide for the natural colonization of native trees, shrubs, and forbs, which will provido shoreline stabilization, reduce erosion
- and sedimentation, and filter and uptake pollutants.

The project will require USACE permitting determination and possible permitiing. It is possible that the Upper Tule Creek West
project area is non-jurisdictionsl. A permit determination process has been indicated to determine the need for a permit, If a USACE
permit is required, it is expected to be a Nationwide Permit, which will be obtained during preliminary engineering design.

1t has been shown in mumercus studies that river bottom sediments serve as a reservoir for E Coli and fecal bacteria. The sediment
foad reductions realized through this projest will decrease the available bacteria reservoir and curtail re-suspension of sediments into
the water colump, Using literature values Aransas County will analyze bacteria reduction with sediments from the BMPs.
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Task 1:

| Projeet Adwministration

Objective:

To effectively administer, cobrdinate, and monitor all work performed under this project ncluding technical and
finaneial supervision and prepatation. of statng reports. '

Subtask 1.1:

Project Oversight — The GRANTEE will provide technical and fiseal oversight of fhe staff and/or
subgrantee(s)/ subcontractor(s) to ensure Tasks and Deliverables are acceptable and completed as scheduled and |
within budget. With the TCEQ Project Lead authorization, the GRANTEE may secure the Services of |
subgrantes(s)/ subcontractor(s) as necessary for technical support, repairs and training. Project oversight sfatug
will be provided to the TCEQ with the Quarterly Progress Reports (QPRs).

Subtask 1.2:

Quarierly Progress Reports (QPRs) — Progress. will be reported to the TCEQ by the 15% of the month

 following cach state fiscal quarter for incorporation into the Grant Reporting and Tracking System (GRTS). The

Reports are to include the following:

@ Status of deliverables for each task

| @ Narrative description in Progress Report format

Subtask 1.3:

Reimbursement Foxins ~ Reimbursement forms will be submiited to the TCEQ by the last day of the month
following each state fiscal quarter. For the last reporting period of the project, Reimbursement Forms are
required on a monthly basis,

Subtask L.4;

Contract Communicaiion — The GRANTEE will participate in a post-award orientation meeting with TCEQ
within 3¢ days of confract exscution. The GRANTEE will maintain tegular telephone and/or email
communication with the TCEQ Project Manager regarding the status and progress of the project in regdrd to any

Jmatters that require aitention between QPRs. This will inelude a call or meeting each January, April, July, and

October. Mimutes recording the important items discussed and decisions made during each call will be attached
to each QPR. Maiters that must be communicated to the TCEQ Project Marager in the interin between QJPRs
may elude; '

@ Requests for prior approval of activities or expenditures for which the contract regaires advance approval
orthat are not specifically included in the scope of work

® Notification in advavce when GRANTEE has scheduled public mectings or events, initlation of
construction, or other major task activities under this contract

Information regarding ovents ¢r circumstances that may require changes fo the budeet, stope of work, or
schedule of deliverables; these events or circumstances must be reporied within 48 hours of discovery

Subiask 1.5:

Annual Report Article— The GRANTEE will provide an artiele for the Nonpoint Source Anmual Report upon
request by the TCEQ. This report Is produced amually in acoerdance with Section 319() of the Clean Water
Act (CWA), and 1t is used to report Texas’ progress toward meeting the CWA § 319 goals #nd objectives and
toward implementing its sirategies as defined in the Texas Nonpoint Source Meanagement Program. The article
will include a brief summary of the profect and describe the activities of the past fiscal year.

Deliverables

e (QPRs

¢  Reimbursement Forms

e Anmual Report Article (as requested by TCEQ)
@ Post-Award Orientation Meeting Minutes

e Quarterly Coniference Call Mesting Minutes




Obiective:

1) To evaluate the profect site, along approximately 1,600 feet of creek, through enginesring analyses, data
collections, sutveys, and enviromnental assessments; and 2) based on recommendations from the engineer as a
result of the evaluation, to prepare project designs, obtain perinits, and produce plans and specifications, and bid
packages for techhiques to stabilize the eroding banks. Dus to budget constraints the extent of improvements

may be Jimited to 1,000 feet or less of the creek.

Subiask 2.1:

Pre]hmmary engineering analysis of bank stabilization angd slope proﬁeatmn strategies and permitting ~ An
engineering and environmental analysis will be petformed and a preferied vegetated slope protection alfernative
will be selected based on cost, engineerisig (soils, slope, ancllormg §ystem, and erosion conttol) evironmental
and regulatory or USACE permitting considerations. Thers are various slope protection alternatives that will be
evaluated including varioys types of conerete revetment biock or articulated block, geogrid materials, or evosion
control mats with various options involving earth retention and revegstation re- estabhshment These options
involve various degrees of vegétated slope protection as well ds habitat sstablishment along the improved
channel bank to provide a stormwater management control benefit by réducing bank erosion and downstream
sedimentation. In addition, the application of the desired "vegetated” slope protection alfernative involves

alternative anchoring systems and appropriate slope and grade considering the channel bank soils and right-of-

" way considerations.

A preilrmnaiy design of the preferred alternative will be: prepared that will alse serve as the proposed project
addressed i a permit application to the U.S. Army Corps of Engineers (USACE). Since the project will involve
greater than 500 fi. of drainage ditch, a pre-construetion notification will be submitted to the USACE to obfain
approval under Nationwide Pennith. 41, Reshaping Existing Drainage Ditches.

Subfask 2.2:

Final design plans and specifications - Once the USACE-NWP No. 41 approval is obtained, the final designs,
plans and specifications will be prepared. The preliminary engineering drawings and construction plans,
procedures, and methods ontlined i the permit will be fither detailed in plan sheets and specifications for

_purposes of obtaining construction bids.

Subtask 2.3:

Censtruction Bid Sclection Process - Contract docuntents wiil be prepared to include all the eonstruction plans
and specifications including “bidding and contract” requireinents, site work and ditch sxcavation and widening,
clearing and grubbing, slope protection and revegetation materials aid placement, TPDES Construction Site
Permit reqtmements and Stormwater Poltution Prevention Plans (SW3P). The Contract Documents will be
adverlized to receive Contractdr Construction bids, and the bids will be reviewed and recormendations provided
to the TCEQ and Commissioners Court for action. The recorumended and approved constrisction contractor will
be awarded the bid and will enter info a contract with Aransas County as per the Construction Contract
Documents and Specifications.

Subtask 2.4:

Engineering Analysis, Permitting, Design, and Construction Bid Selection Proeess Report - The Aransas
County will submit 3 report sumumarizing Tasks 2.2, 2.2 and 2,3.

Beliverables

e Praject Designs and Specifications
& USACE Permit
e Bid Packages

» Engineering Analysis, Permitting, Desien, and Construction Bid Selection Process Report

Task 3:

Performance Monitoring and QUALHYMO Modeling

Objective:

iTo establish pre-construetion and post-construction water quality TSS baseline loading data and BMD

performance data on the Upper West Tule Project and 2009 West Tule Creek Sediment Trap Project by
collecting stream water quality and flow data, groundwater elevation data, soils infiltrometer data, and
performing QUALHYMO modelinig and assessment of BMP performance for both BMPs.

10




Snbtask 3.1 QAPP Updates and Amendments — Thers will be two QAPPs, one for monitoring and one for modeling. The
| QAFP for Medsling and Monitoring will be prepared with FY 09 319 (h) grant project,

The Aransas County wilt provide input to TCEQ 60 days prior to the end of the effsctive period of the QAPP
and develop annval QAPP revisions no less than 45 days prior to the end of the effective period of the GAPP.

Amendments to the QAPP and the reasons for the changes will be documented by the County and revised pages
will be forwarded to all persons on the QAPP distribution list by the County Quality Assurance Officer,
Amendments shall be reviewed, approved, and incorporated ito a revised QAPP during the annual revision
process or within. 120 days of the initial approval in cases of significant changes.

Activities covered under this QAPP:

- Data collection

- Bvaluating BMP Effectiveness through modeling and monitoring

Tusks/Subtasks covered under this QAPP;
- Subtask 3.2
+ Subtask 3.3
- Subfask 3.4
: Subtask 3.5

Subtask 3.2: - Water Quality 2nd Streamflow Meniteriag - Surface water quality monitoring will be performed at six (6)
locations to assess pre-construction total suspended solids (TSS) loading, and post construction TSS loading to
assess performance of the Upper West Tule Creek Improvement Project aud post eonstruction monitoring of the
2009 West Tule Creek Sedimient Trap Project. Potential groimdwater piezometer locations are fliustzated in
Exhibit 2, below, Approximately eight sampling events will be performed to represent baseline drv and wet
weather stormvater conditions, The surface water samples will be analyzed for, pH, conduetivity, dissolved
oxygen, temperature, and oif and grease. Cost estimates reflect a total of 48 stream samiples,

The streamflow gauge installed with 2009 TCEQ grant fands will be monitored concurrent with monitoring of
strearn, groundwater piezometers, and rain gauges. The piezometers installation, infiltrometer testing, and |
testing equipmient are o be purchased using the 2009 TCEQ grant funds, A limited amount of post constnzetion
West Tule Creek Sediment Trap BMP performance data will be collected with the 2009 TCEQ grant project but
most moniforing will be performed concurrent with the pre-and post construction Upper Tuls Creek West
Widening BMP Project, and post-construction of the West Tule Creel Sediment Trap,

Subtask 3.3: Groundwater Piezometer - The groundwater piezometers instalted with 2009 TCEQ grant fimds will be
monitored and maintained along with rainfall gauges.
Subtask 3.4; QUALEYMO Modeling and Assessment - The QUALHYMO nodeling and BMP assessment of both the

Upper Tule Cregk West Widening Project BMP and Tule Creek West Sediment Trap Project BMP will be
finalized to include perforinance assessmett of both BMPs.

Subiask 3.5 Data Submittals — Aransas County will review, verify, and validate water quality monitoring data before it
submitted to the TCEQ. Aransas County will submit data to the TCEQ quarterly and at least one month priot to
use, or prior fo presenting to stakeholders. Aransas County will submit a semi-annual report of water quality
data consistent with TCEQ formatiing requiremenis. for upload into the Surface Water Quality Monitering
nformation System (SWQMIS).

Deliverables = Draft and Firal QAP? Anmal Updates
e Draft and Final QAPP Amendments
» Data Submitials

Comnstrection

i




Objective: To widen and ré-slope the ditch, in order to reduce erosion; and to remove invasive irees, in order lo allow for
the nafural colonization of nearby mafive trees, shrubs, and forbs which will provide shoreline stabilizatien
functions, reduce ergsion and sedimentation, and improve watsr guality conditions in the immediate area and
downstrearn throngh the filtration and uptake of poilutants (an estiinated 800-1,000 feet of creek is expecied to

be ieproved).
Subtask 4.1 Upland vegetation clearing 7
Subtask 4.2: Excavation and widening/re-sloping of Bast side of ditch
Bubtask 4.3: Bank Stabilization and Slope Protection _
Subtask 4.4 Construction Report - Aransas County will prepare Consiruction Report summarizing Tasks 4.1,42 and 4.3,
Deliverables e Photographs documenting excavation and widening of cresl

o Photographs documenting construction of selected solution for the eiosion probiems caused by the
sharp bend in the creek

o Construction Report

| Tesk 5: Final Projeét Report

Chjective; To produce a Final Report that summarizes project all activities completed and conclusions reached, and that
 contains all the réports completed under previous tasks either in the text or a3 appendices.

Subiask 5.1: Dyaft Report— The GRANTEE wilt provide a diaft veport summarizing all project activities, findings, and the
confents of all previous deliverables, reférencing and/or attaching them as web links or appendices. This
comprehensive, technical report will provide analysis of all activities and deliverables under this seope of work.
The report will include the following information:
s Tifle
Table of Contents:
Exstutive Summary
Infroduction
Project Significancea and Background
Methods
Results and Observatioms
Discussion
Surimary
References
Apperidices

Subtask 5.2: Final Report — Torevise the Draft Report to address comments provided by the TCEQ Project Manager. The
final report will be submitted to the TCEQ Project Manager and subsequently to BPA.

? @ & » ® § © & & &

Deliverables @ Draft Report
# Final Report

3 i

To improve fhe water quality in Tule Creek by 1) decreasing erosion of fing sand going from Upper Tule Ditch West to Little Bay by
widening and re-sleping up to 1,000 1.f of creek bauk; 2 correcting a sharp tum in the creek which s cansing severe erosion; and 3)
re-vegetating the creek banks, providing for the natural colonization. of native trees, shrubs, and forbs, which will provide shorelins
stabilization, reduce erosion and sedimentation, and filter and uptake pollutants.




1y Tule Ditch re-sloped, widened, and realigned.
2} Dffectiveness of re-sloping and widening the project area in redncing erosioi.
3) Elimination of Chinese tallow, Brazilian Peppertrees, and other invasive species.

The data fiom the proposed moniforing task in both the FY 09 and FY 11 319(h) grant projects will be used to complete the simulate
| QUALHYMO modeling and BMP performance assessment. The mode! will estimate the water quality poilutant loadings in the Tule
Creek and load reductions and performance from Upper Tule Creek West Widening/Enhancement BMP as well as the 2000 West
Tule Creek Sediment Trap Project.




33. Estimated Toad Reductions Expected (Only zpplicabls if demonsiration BMPs will be implemenied)

A T8S concentration of 165 mg/L. was used ag the influent TSS concentration value for the Tale Creck sediment trap BMP. Ti s
possible to estimate tosal loads discharged by Tule Creck now and with the sediment frap in place based on this estimate and on an
estimate of flows from the watershed, Taking 35 Inches of rain a year, with an estimated volumetric funoff coefficient of about 0.75,
and assuming the sediment trap capiures 1/3 of the events, all that is needed is an estimate of remioval rafe to enable this calenlation.
It is assumed that for this small trap, coarse materials will be removed essentially completely, but that finer materials will be reduced -
by about 50%, Again, all of these numbers will need to be verified or updated by actual mumbers from the gite, but the suggested
estimate of lead froni Tule Creek that result is about 2.1 million pounds of sediment without the frap, aud about 1.6 million pounds of
sediment with the trap in place, per year.

| The above numbers are indicative, but need to be updated with closer estimates. The fisld dafa associated with this menitoring
program will be used along with the QUALHYMO model for that purpose. This mode] was originally built for BMP analysis on &
continuons simulation basis, and js able fo assess seftfing and decay removal processes in & BMP as well as watershed flow
generation aad teceiving water ransport. Recent funding by USEPA and the City of Anstin as well a3 other public entities has
expanded the capabilities of the tool, in particular in its ability to tepresent portioning of contaminants between fluid and solid
phases. Sediments can be simulated in 5 size fractions, and are tracked independently. Each fraction is femoved according to user
specified seftling velocities. BMP characteristics can include by-pass, overflow, through-flow, exfiltration and regular discharge.
Losses to evapotranspiration are also calculated on a continuous basis. In addition, the model has an effective set of calenlation
modules that enable simulation of distributed BMPs (LD methods) and instream characteristics, The insiteam computations include
several sediment transpert modules able to represent stream poveer, excess critical shear, and sediment wansport, which will be useful
in this project in the event that erosive potential and erosive loads from the Tule creak sfream bank or botiom are to be caloulated.
For the present, as a part of this moaitoring program, it is intended thet the tocl will be used to estiimate loads into the sediment {rap
based on monitored flow and sispended solids data, and to simulate removal in the trap as a function of grain size, particle density,
irap volume, outlet characteristics, mixing, through flow rate, overflow rate and sediment concentration, distribation.

| Aransas County is cormitted to-providing alt the modeling results- quality and quantity, as well as project designs and recommendead
projects. A range of stormwater quality mitigative improvement projects have been identified along the Tule watershed including
| areas surrounding Little Bay. The suite of improvement prejects includes the BMPs included in this scops of worl,, The water qualify
sampling and monitoring recommended in the ACRSMP ‘will further substantiate and support implementation of continued projects.

It has been shown in mumerous studies that river bottom sediments serve as a reservoir for £ Colf and focal bacteria, The sediment
load reductions realized fhrough this project will decrease the available bacteria reservoir and curtail resuspension of sediments fnto
the water column. Using literature values Aransas County will analyze bacteria reduction with sediments from the BMPs.
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Corrective Action Status Table

Corrective
Agtion #

Date
Tssued

Description of Deficiency

Action Taken

Date
Closed




West Tule Creek Sediment Trap Pond and Habitat Enhancement
Quality Assurance Project Plan for Modeling

' Revision No. 0.0

Jaly 20, 2012

Page 37

APPENDIX D
QUALHYMO USER MANUAL AND DOCUMENTATION
VERSION QUALEYMGO77TVEIC
December 2009




UserManuald777vad

December, 2009



UALHYMO User Documentation

Foreword

This is a concise manual that documents critical slements of a development version of
the QUALHYMO model, fi identifies a number of features that differ from earjier
versions of the model, as well as some of tha basic details of modal input and
operation, Users making reference to this document should verify that it corregponds
with the model version they are using; after January 2009 users should refer fo
hittp./fqualhyroo.watertoolset.net for an updated manual (ane corresponding model) if
avaiiable.

Licensa

Aversion of the license that users must agree to to use this manual and/or QUALHYMO
is appended. Users afe cautioned that there may be updated or different verslons of
the manual available, and that the license which appeais when the modsi Is installed
may differ from the text appended fo this manual, so they should veriiy the licenss and
version they have in hand prior fo using the model.
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1 Background

QUALHYMO was originally developed some 25 years ago as a research tool. {twas
intended to enable the rapid testing of various water quality algorithms related to BMP
performance assessment. For that purpose it was decided to create a modular toal in
which different sub-systems could be rapidly and easily coded, implemented, and tested
on a common basis. The original QUALHYMO fool was developed with that in mind.
The selected structure for this has proven to be robust and reliable, and lends itself well
to use in assessing watershed level water quantity and guality problems.

Over the 20 years or o following the initial release of the model, the business activities
of the original author tended to conflict with further development of the fool, and no
substantive davelopment was attempted by him during that period. Nevertheless, a
number of descendant versions or variations of QUALHYMO seem to have emerged
over that time. The code to the original model was available to developers and users,
and it seems that an undeiermined number of alfernative versions of QUALHYMO have
appeared as a resulf. No endorsement (or otherwise) of such alternatives will be
attempted by the authors, and sheuld not be inferpreted from this manual. However it is
noted that a casual survey suggests that these versions vary in their approaches to
coding and simulation. Itis nct known to the authors of the present QUALHYMO sffort
how those multiple versions fared in practice, but discussions with individuals in the field
suggested that the multiplicity of versions has led to a multiplicity of issues, not the least
of which was a lack of confidence regarding which version of the {ool was which.

As the practice of watsr resources has maiured, the need for a ool like QUALHYMO for
practical applications has been reinforced. A model targeted at BMP evaluation and
designed for rapid simulation of long term quality/quantity behavior has emerged as a
requirement in many situations. The decision was made, therefore, to update
QUAILHYMO into & single current version.

This re~-development posed numerous challenges, not the least of which was the need
to provide an upward migraticn path so that users accustomed to cerfain features could
still have access to them when the new QUALHYMO was released. To the extent
posgsible, upward compatibility has been preserved. As a part of this, variable names
exposed to the user have for the most part been preserved (at least in the user
manual). The underlying code is another matter. An immiediate effort in developing
current version was {e retain no eode that s not directly atiributable to the identified
authors. This means that the authors can release the model for general use under
suitable license conditiens. I also means, however, that the model may in some
instances produce results that are somewhat different from those other variations of the
earlier tool rnay generate. QA/QC procedures used in developing this tool have been
substantial, and we believe that it can be relied on to produce reasanable resufts when
applied by a knowledgeable user, but as neted in the license for the model and
documentation, it 's up to the user to ensure that the model is effective for the purpose
for which they apoly it and that the answers they generate are what they require.
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2 Installing the Model

The model is provided in the form of a .zip flle, ‘instaliset.zip'. This can be downloaded
from the http://aualhymo watertootset.com web site. To install QUALHYMO, place the zip
file in any location that you prefer, and unzip the file. It is then ready to run. itis not
necassary to insiall the software otherwise.

Hint: Installed this way, the model can be run i its default configuration, and
this is a good way to begln exploring the model and its use. However, if
| sheuld be noted there are numerous other wWays the model can be instafied
and run, at the discretion of the user. Appendix A provides detalls on how the
model can be instalk he defauit case.

T e o e T A

Whan ¢he file is unzipped, you will see a folder 'InstallSet’ appear in the directory you have
selected as the unzip location. Depending on where you unzipped the mode!, that might
lock as follows:

L e e L Tvin, oo, | Databodfied ]
s Pyinstallsat . FleFalder 107 L4f2007 €149 P
| Edfnstaliget.2lp SP0KE  WrZlp Fle 10/14 2007 12651 PH
If your look inside the InstallSet folder, you'lt see the following:
Mz e ST ommgslee s s 7 DataMadified, Lo
S Licerise. Flls Folder 10/14/2607 7:06 PI
. EaManual Fils Foltder 10fLA{2007 11534 &M
Ty TestData File Foldar 13{14§2007 707 PM
- | 0rONTROLFILE, TXT 1KR Text Docurent 10/1442007 12349 P
Eflquarmcn?iz.exe 1,032 KB Appiication 10{14/2007 11127 AW

The three folders in the InstallSet folder are as follows:

o The folder 'License’ contains the license under which QUALHYMO and this manual
and associated documents must be accessed and used. Read it, and if you don't
agree with it, don't use either the model or the manual further.

e The folder ‘Manual', contains this manual or cne liks it.

‘e The folder TestDat# contains a test daia set thai can be used to verify that the
model is correctly installed and functioning.

Testing Ts described further below, and mode! use is described further in Chapter 2.

Far now, you should test the madel. There are two ways o do this:
e Double click on the QUALHYMOO0777.exe file namea in Windows Explorer, or alse
s open a command window, navigate to the location of QUALHYMOO777 .exe and
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enter the command 'QUALHYMOO777' followed by the return key.

If you used Windows Explorer and double clicked to run the model, you should see a
command ling window pep up as follows and then after a few minufes disappear:

If you ran the model from the command line, your should see something similar to the
example below, but the window will remain in place after the run has completed:

Either way, if you look in the directery in which the model was installed, you'll see the
following files:

Memena oo el T e e | Date Mdfd g

“ticense ' #ile Folder 101412007 7107 B
CoyMTanual File Folder 1D§14/2007 7107 BM

[ yTestData Fife Foider 10f14)2007 7:22 PN

Efcommano, TeL 1KB TEL File 10FL4 /2007 7122-PH

- [l pomnRESULTS B 14,367 KB BN File 10147007 7:22 PM

" El qromiroLFLE YT 1EE Text Documert 10{142007 12:49 P

i ?%] QRUMLOE.TET ZKE  Text Document: 10042007 1122

P QUALRYMCT777.exe 1,032K8  Appliestion 10]14/2007 11127 58

The new files that have appeared indicate that the model has been correcily installed and
correcty run. If you fook further, in the file QRUNLOG.TXT, you'll see a series of
diagnostics that will end with the following lines:

i
it

S ST O S (O I

FOND COMMAND _

RETURY FROM CCHMAND INTEWSRETER, NER NCODE: @ 22
TINE STAME Sun Oct 14 1912225 2007=%=

POHD STATS COMMAND

RETURN FROM COHMMAND INTERFRETER, NWER.NCODE: 0 23
TIME STAMP Sun Oct i1 19:22:3E 2007«==

IDENTIFY SERIES COMMAND

RETUEK FEOK COMMAND INTERPRETER, MER.NCODE: o 23
TIME STAMP Sun Ocf 14 19:22:35 3007=a=

IDENTIFY SERIES COMMAND

EETURN FROH COMMAND INTERPRETER, NER,NCODE: 0 21
TIME STAMP Sun Dot 14 $9:22:35 20fF=e=

RGN ENDED WORHALLY Sun Ot 14 19:22:35 2007=ex

0o
1
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The absence of messages indicating problerns confirms that the modsi fias indeed been
correctly installed and run.
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3 Running the Model

QUALHYMO is invoked from the command line of a Microsoft Windows operating system,
by typing the command 'QUALHYMOG777' in a command line window or by double
clicking on the '"QUALHYMOO777.exe file from Windows Explorer or another suitable file
manager. This version has been tested on Windows XP. Appendix A provides details on
model control and ways that the model can be instalied in other than the default
configuration. The following discussion asstrmes you are operating in the defaulf
configuration. Section 3.2 below provides a discussion abott alfernative interfaces.

3.1 Input Files

If you took in the TestData folder, you'll see the following files if the modet has not baen
FUHT;

PMeme » L seelTees Apateriodfied |
- b Testevap.evp 10KR EYPEle 10/4{2007 £:20 AM
%Testinpuf.j’np SKB YR Fle 10 14£2007 11:45 AM

15| TastPracp.pre L,580KE SO Server Replicab... 10742007 1120 48

o] Testremp trop RKE  TVP e 10j472007 121 &M

or the following files if you did a test run with the maodel:

Mo = b spelTepe | Datepodied |
2=l eIt BUF. 1551968 BUF Fle 10/14{2007 7:22 PM
=) oz, ELE 15,619K5 EUFFds 10}14/2007 7:22 b9
1] TestEvan.avp 0B EWPEle 10}4/2007 1:20 AM
| Festinpul.inp YKE INFFls 10414/2007 11:49 AM
I TestOutput.out 77KE QU Fla 10{14{2007 7122 Pt
15| Festirecip.pre 1,560K8  SQL Server Replicat..,  10/4/2007 120 AM
E‘%-j TestTamp.tmp BKE TMPFils 10f4f7007 1:21 &AM

You will not need to deal with the QBINX.BUF files unless you are an advanced user. The
format of those files, however, is discussed in Chapter 4 of this manual if you are
interested intheir make-up and function. The file TestOutput.out is an output file
generated by the model, and is whers vou'll find the results of 2 QUALHYMO run. The
other files are:

s TestPrecip.pre ~ a rainfali record series,
e TestEvap.evp — an evaporaiion record series,
o Testfemp.tmp — a temperature record series, and
o Testlnput.inp — an Input deck that controls the model run.
The formats of the first three files Is described elsewhere in this manual. They should be

UserManual0777v2d 9-




replaced with files appropriate for the mode! run you have decided to do. The fourth file is
the file that controls what simulations are to be done, and is the way you control the model.

If you have renamed any of these four files, then you need to adjust a control file. Thet file
is the QCONTROL.TXT file that is locsited in the directory where you unzipped the model.
If you examine QCONTROLFILE.TXT created in the default install, you'll see the following:

N HIBSRE K
]ﬁi&aﬁ?ﬁuﬁ}n@hﬁ =
T NfestData

H TestInpnt.inp
i TestOutpui.out
§ 9 TestPreoip.pis
8 Te=ztTenmp.imp
? TeztEvap.evp

i
This file is how the modal knows where to look to find the time serles and inpuit files that
conirol a model run. If you have renamed any of the fourfiles discussed above
(Testinput.inp, TestPrecip.pre, Tes{Temp.tmp, or TestEvap.avp), you must adjust the
narmes in the QCONTROLFILE. TXT so that it corresponds 1o the new fils names you have '
chosen,

The TestOutput.out file name in this file can be changed to any valid file name, and ihe
model wil! deposit its output resulfs in a new fils of that name.

More significant changes are possible by appropriate choices in the use of the
QCONTROLFILE.TXT file. These are discussed in Appendix A.

3.2 Alternative Interfaces

QUALHYMO is intended to function primarily as a computational engine. Itis fully capable
as a foo] using the commands described in section 4 and input as discussed in section 3.1
above. In some communities the maniputation of texi files is a preferred approach, and is
held to be efficient and exact. Howeaver for many users the manipulation of text files in
their raw form will seem to be awkward and a visual interface would be preferred. To
support this kind of user, it is anticipated that alternative inferfaces may be developed and
will be available. As noted in the sketch figure below, the data set documentation makes it
possible to develop interfaces that will feed off the QUALHYMO engine inseveral ways.
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Inthe above example, the control files could be maripulated directly with any text editor,
but twa other possibilities also exist. In Interface 4, control files are edited using some
preferred user interface. In Interface 2, the conirol files are manipulated, but the raw data
seres themselves are also accessed. Present afforts in the developrment of QUALHYMO
have been focused on the éngine, and on making it easily possible to add new
computational capabiities. In the future, there may be expanded efforts on interface.
Development. In the mean time, several alternative interfaces are known to have besh
developed.

One, illustrated with some screen captures below, is the Water Balance Model. Thisis &
fully developed interface made available through a web site that can be found 5t
http:/mww. waterbalance. cafwaterbalance/home/wbnindex.asp. The WEM provides a
mature and capable interface that exposes many of the QUALHYMO engine capabilities.

it functions much as Interface 1 in the figure above does — it writes data to and extracts
data from the QUALHYMO text files, and reliss on QUALHYMO to extract information from
the model time series files.

Another interface that Is not publicly avaflable but that further illustrates the potential for
interface development is Mlustrated below. This version is focused on a specific set of
engine capabilities, and was developed using Mlcrosoft Visual Basic as a stand alone local
application. This tool not onaly edits the QUALHYMO control files, it operates directly on
the model fime series much as the Inferface 2 option described above does.

H
et A s,

A third known interfacs is JAVA based, and therefore platform independent, and may be
made available publicly in the near future.

Either way, the salient point is that there are numerous possibilities for interface

development, and the intent that the QUALHYMO concept and documentation enable
this kind of extension has been demonstrated.
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4 Model Commands

4.1 An Overview of the Input File

QUALHYMO is eommand oriented. Commands and data are previded in the inpuit file
which is specified in the control file as discussed in section 3.0 afid Appendix A. The
model reads each comrand and its associated data and carries them out in the sequence
in which they appear in the input file.

4.2  Input File Syntax

Users of earlier versions of QUALHYMO will grobably be familiar with an Input syntax in
which the first 20 columns of every non-comment line is resarved for commands. This has
changed. Following the old syntax rules will still work, bui a new syntax Hias been
implemented. The new syntax has more flexibility, and enables further future refinements.
(It is noted for those familiar with old versions of code that the HONDG routine has besn
dropped in favor of an entirely new system.)

The input file can contain any printing character and blanks. The command parser
exiracts thrae kinds of information from the file:

e command names
e numbers
e shings

As well as this information, the user may if they wish add non-numeric text to-the file to
explain what the run is doing.

Command Name Rules:

Commands are entered by starting & new line, and entering the command name beginning
in column 1. Following the command name are the parameters neaded by that command.
Continuation lines, if needed, are indicated by leaving a space in column 1.

Commands include a range of capabilities, including those listed bslow and some others,
and can be entered in whatever number and order makes sense to the user to accomplish
{he model run. The mode! will run each command as it encounters it

CAETHRATE

CEEDENCE:
PULL POND GE&N
HATHIN
ERINT SERIES
FINISH _
CELC POND STATS
IDENTIFY SERIES
ERINT HODEL DETATLS
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String Value Rudes:
Strings miust be entered in the following form;
<slringname=stringvaltie>
Valuss are always paired, with the first term faking the value of the name of the
sfring, and the second the value of the string itself,

The delimiters identifying the string name and valus are '<','=" and '>'. The string
name begins immediately after the '< and ends immediately before the '='. The
string value begins immediately after the '=' and ends immediatsly before the ™',

Quate marks are not required to delimit either the name or value of the string. The
'<''="and ">' characters are the only delimiters that are needed or allowed. If quote
marks are added, they will be interpreted as character values and retained as part
of the string.

Blanks within a string are meaningful.

«  Slring entries can appear cne per line an any line of & command, anywhere on the
line {except embedded within a command name or numeric valus).

I parsing commands, QUALHYMO first reads and exiract sirings, and then reads
rumbers as noted below. The stiing nama must be exactly as noted in the manual for the
command for which it is being applied, and the siring value must be meaningful for the
purposes of the command. An example of a siring value is:

<DIURNAL DEMAND=C:DATA/MY_PROJECT/QUALHYMO/FILE NAME. TXT>

which is one of two values used in the WATER REUSE' command, In this case, the string
name is

'DIURNAL DEMAND'
and the string value is ]
'C:DATAMY_PROJECT/QUALHYMO/FILE NAME.TXT"
Numeric Value Rules:

Mumbers must be entered in integer or floating point formats (Including scigntific notatien
inthe form of £48HE+#8 ). Numbers must be entered following a space at the end of
each command. Numbesrs not required for 2 command must not be entered in the file or
they will be interpreted as data and the modal will attempt to use them as such.

Hint: Adding extransous numbers in comments is 8 common cause of user

errars, and sometimes occurs if a user adding a cornment includes a number |
— for example a varsion number for the run. [f this kind of input is desired, it [
must occur in @ comment line as noted below.
B P e

T
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Comiment Riles:

There are two kinds of comments that are allowed in the moda! input file:

o Comment linés can be added. They can be added between commands and are
identified by an asterisk (*) in the first column of the line. Comment fext, including
numbers, can be entered in columns 2. though 80, and .can contain any content

since they are ignored by the model.

s Comment fext can be added. This can consist of any non-numerlc text inserted
after the command name and before, between or after the numetic values provided

by the user.
The first few lines of a typleal input file iljustrate one corract use of the syntax rules:

)

-l

Rt YR QUALHYHOQ? 77 PRI EEE = iz

= ===z Fils: Run¥ile22.dat ===z

= as== Rain File:CAL-RAIN,PRE ==ms

= ==== Snowmsli FILE:CAL-TEXP . THP ====

START " START DATE OF GIMUTATION 60 1 3%
END DATE OF SIHULATION 95 5 31
RAINFATL WILL BE READ ON DEVICE IRAIN 9
PRECIP 15 IH AES HOURLY FORMAT  ICFORM i
FLOW FILE YILL BE RE&AD O DEVICE IFIOW 10

Hint. Users often find it is useful to develop a well commentad input file and
then use it as a template. For different runs or projects, all that needs to be
changed in each command are the nurmerical values.

This fs welj organized and makes it easy to read the file contents without referende to the
user manual. i also contains comments that document what the run used as input
information. To illustrate the flexibility of the input system, it is noted that the following line
is exactly equivalent to the above excerpt as far as the model is cencemed. [t is, nowever,

not as user friendly.
START 60 1. 1 95 5 31 9 1 10

This approach to data er{try has proven o be a very efficient way io run models and will be

maintained in future versions of the tool.

UsarManual077iv2d
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4.3 Commands

The following sactions provide the details of model commands, NOTE: In this manua,
not afl commands coniained in sarfier model versions are documented. Care
should be used in attempting to apply commands not documented in this manual
with this version of the model,

Int the tables, there are three colors used to facilitate interpratation:
- 118 indicate numeric values that must always be provided by the user.

Yellow sections indicate numeric values thai may or may not be required. The text
explains when the yellow sections are/are not requirad.

i indicate fext string values may be needed; string values are only
in some commands.

For convenience, the commands that are available are grouped into three categories:

- Control commands — those commands that help the user manage the run or set
parameters (START a run, FINISH it, and so on)

Simulation commands — those commands that represent physical phenomena In
the watershed (WATERSHED flows, POND behavior and so onj

Interpretation comnmarnds - those commands that provide information on the time
series filas that the model generates (STATISTICS and so-on)
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431 Conirol Commands

4.3.1.1 The START Command

Purpose:

This cornrand regulates many factors that persist over the course of a model run. it
identifies the span of the simulation, provides information on file numbers, and other

controlling informatior.
Use:

The START Command showuld be the first command,.but can be preceded by commands
that dort require information coniained on the START command (g.g. IDENTIFY SERIES).
It may be repeated at other locations and any new values take effect from that point on.

Numerical Values;

1 throughy 12
1 through 31
& valid year .
1 through. $2
1 through 3%
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real between |néna Pan avaporafion correction 5 If IDOEVAP=U this block mustbe. omitted

Oand 1 caefficient for satchment @ IfIDDEVAP=1 '
@ CPAN and 12 EVAP values dre
EVAP real »=0 mitn Tequirad
(12 values) morith | . @  |FIDOEVAP=2

O CPAN is reguired but the 12 PEVAP
values in this block must be omiifed

& the evaporation file speciiied In the

ceiirol fite will bes read for GENERATE

caleulations

real belwesn | Pan evaporation torrectian If EVAPCASE=0 this.hlock must ba omitled
Oand coefficisnt for POND & FEVAPCASE=1
O PPANand 12 F’EVA_P values are
PEVAFP | real >0 raral required
{12 valies) month @ [FEVAPCABE=2

O PPAN isrequired but the 12 PEVAP
values in this.block must be omitled

O the evaporation fils specified in the
controf file will be read for PORD
calculations

First order decay coefficient

S PRl i
SEDSET real >=0 s Effective sadiment selfing | @  |f(FSEDT=0 this block must be omitted
{5 VALLIES) | vatoeity ®  SEDSET(1) must match SEDDIS(1),
s fraction of total SE&DESQE:;% most maich SEDDIS2),
sediment 3
SEDSET(S
EODIS real 320 — ETES) must match SEDDIS{E),
{5 VALUES)

UserManual0777v2d A7




4.3.41.2 The FINISH Command

Purpose:

This command ends a run. As soon as it is encounterad, the model halis.

Uses

The FINISH Command ean be entered anywhere in the input deck, and that polnt
becomnies the effective ehd of the file. Normally, the FINISH command will therefore be
added as the last ling in the input file. However, this comimand carr also be enfered earlier
in the deck as a convenience if the user wanis to rur the model up fo a certain point and
then stop. This might commonly happen during watershed calibration runs, if commands
later in the deck are not meaningful until the calibration is completed.

As noted below, the FINISH command has no parameters,

MNumerical Values:
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4.3.1.3 The IDENTIFY SERIES Cormmand
Purpose:

This command allows users {o access and read the metadata associated with a
QUALHYMO searies file,

Use:

Experience has shown that associating metadata with a series file can avoid tonfusion as
to what the file was, how it was generated, and other key data that right be useful at
some time after the work has been done, Making those data accessible can involve a
huge range of technologies and options. In this caseg, it was decided to embed the
metadata directly in the file, as discussed in section 4 below (Model Unit Files). Since the
files are unformatied binary files, they cannot be readily read (although interested users
can 'see’ certain formatted information on the files). To make the metadata directly
accessible, this command has been developed. tnvoking it produces output as shown in
the figure helow.

wiit GERIES UEADER INFCRMATTON BEGTHS

SERIES IHTERNAL MAHE IS o181

SERIES TIME STEP (HOURSY IS: ¢ l.50e000

SERIES CREATION (OMMAND WAS : GEHERATE

SERIES FILE YAS CRRATED OW 7 Sa% Jul 14 99:25:35 2057
INFUT FILE CREATING SERIES §as . REGEY, THP

MODEY, VERSICH WaAS ¢ QUALHYHOQ 7?7 7%1a841
COMPILER WEHSION WAS . ABSOFT 10.80.07

=%% SERIES HEADER INFORMATION ENDS

The content is self explanatory. Itis noted that the mechanism chosen for embedding this
information will support substantial tong term addifions with only a timited risk of losing
downward compatibility.

Numerical Valyes:
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4.3.1.4 The PRINT MODEL DETAILS Cotmmand
Purpase:

This command allows users to have the model issue a set of details that document the
major facts of the current model run,

Use:

Froject documentation is a key element of professional practice, since the user is
responsible for maintaining accurate and effective records as to the intent and ouicome of
their modelling work. Users will typically have practices in place that address this. As a
supplement to those practices, it was recognized that an sasy way to embed basic run
information in & QUALHYMO ouiput file would be useful. This command does that. it
gerierates some essentiat information for the run. Atypical output might be as follows:

#+% HODEL INFORHATION BHEGINS )
INPUT FILE FOR THIS RUH IS :FEGEY , YiE- .
THEG RUN STARTED AT ‘Tue Jul 17 22:48:05 2007
THIS HODET, YERSION IS CQUALHTMODT777Y14B42
THE COMPILER USED SN THIS EUII.D l‘rEISOE’T 15.09.0%
FILE ASSOCTATIONS ARE
ID 9 = RAIN.PEE
b 8 = TEMP TKP
n 7 EVAR . TXT
#xs HODEL IHFORMA’I‘IDE ENDS

The content is self explanatory. It is noted that the mechanism chosen for embeddmg this
information will support substantial long term additions with only & limited risk of losing
downward compatibility.

Mumerical Values:

Useranual0777v2d «20-~




4.31.6 The FLOW IMPORT Command

Purpose:

This command allows users fo import a free format series of flow records into the internal

QUALHYMO format.
Use: _
Data must be entered in three places, and the source file must be provided.

1. The name of the flow file is entered in the control

file. The confrol file is described in section 3.1 - y
File Edt Hearch Yiew

i

Tools  Mag

above and in Appendix A2 below. Anexample ofa o R
typical controi file is shown to the right. In this DR ISRE L G

example, the file number (10) and file narie of the

/ QCOMTROLENLETRT *

C:N\Data™
Hy_input.inp
| My output.oug
9 rain.izt
10 flow. =t

flow records file to be imported (flow.txt) appear on
ihe last line of the cantral fila.

2. The START command (see section 3.2.1 above)
indicates the number of the flow file; this number
must match the number provided in the controf file
{in this example, 10).

3. Finally, fo access and import data from the file, the FLOW IMPORT command is

entered as described below.

NMumerical Vaines:

The file to be imported must be a space delimited or B
comma delimited ASCH file, containing on each record . File Edit  Search
the year, month, day, and flow values. A suitable ;

e

example is shewn to the right. Note that the file name

(flow.txt) matches the name specified in the control file.

5.18,41.471

. , N . 1396.9.10.4.646

WARMIMNG: In imporiing data, little data checking is done, 1996.9 18 0. 805
) : : 1996.9.10.2 .89\

s0 the user must ensure the records in the source file are | 1846 3 1a 5 To9

as they should be, '
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4.31.6 The GET ALVI DATA Command
Purpose:

This command allows users to import data in a specific format developed in the course of
a specific project carried out by a particutar QUALHYMO user. It is not expected to see
use in its present form other than in that projeci, but may be replaced in the future with a
new and more generic equivalent.

Use:

When invoked, the command imporis data from a user specified input flow file and
converts it to an internal QUALHYMO format. The QCONTROL.TXT file specifies the
rarme of the input flow file, which has an identifier of 10. In the input dack, the user
provides information on the number of sets to be created (NUMSETS), and for each set
the identifying information (ID and ISER info) plus a FACTOR for flow computation. Time
siep is not provided as this is calculated from the input flow file itself.

The anticipated flow import format is typified by the following recerds:

17171893 1:00,0.011111=e+000,0.001111a4000
1/1/19938 2:00,0.0664332+000,0,005607=+000
1/1/1993 3:00,0.091802e+000, 0. 002053 e+000

These records include date (mm/ddfyyyy), time (hivmm), flow af the iop of the reach and
flow lateraily. The lateral flow is muitiplied by the FACTOR, and added to the fiow af the
top of the reach. The total flow so calculated is assigned to the series that is generated.
Since quality information is not provided, quality values are set to zero.

NMuimerical Values: _

4.3.2
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4.3.3 Simulation Commands

4.33.1 The POLLUTANT SERIES Command
Purpose:

This command allows users to specify the parameters and relationships that govern
pollutant generaticn from a particular land use. It does not actually do any simulations, but
it does coniain information that is used in several of the simulation commands so it is
included here for convenience.

Use:

The user provides information as to the conatitutent being simulated (first order constituent
or sediment) and the equations being usad (build-up washoff or rating curve) as well as
the parameters for each. The mods! stores these, and uses them for simulation in several
subsequent commands (examples are GENERATE, WATERSHED and POND).

Mumerical Valuas:

Wi i none sels washoff mathod Gnmiit this vafue if JCASE=S or 6
IBAR integer 1 or 2 | none sets bulldup method Dmit this block if JCASE>4 or Wili=]
varies @ ifiBM=1
DAYSIN infeger>=0 days
PMAX real>0 varies — el PR VoKL -
PKA ol fona PBUILD =min(PX [x DAYSIN , PMAXY
@ fIBM=2
PBRUILD = PMAX x (1— g~ ™ISH-rE1y
WITH PBUILD AS THE AMOUNT OF
BUILDUP AFTER DAYSIN DAYS, AND
UNITS ARE AS APPROBRIATE IN EACH
CASE
PK2 real>Ct none Omit this if IBM=2 or JCASE>4 or
LWN=1
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4.3.3.2 The GENERATE Command
Purpose:

Thig command allows users to simulate runoff from a watershed.
Usea:

This provides the ahility to represent long term continuous flow from a watershed. It is not
intendad fo provide an ability to simulate detailed urban networks as might be dons with
the SWMM model. Rather, it is infended to enable the representation of catchments at a
level of detail suitable for reprasentation of the major factors that govern long term runoff
processes. If more detailed representation is needed, this can be done by splitting the
watershed into more numerous smaller catchments and aggregating the result, or by
incarporating the results of an extemal model.

Numerical Values:

e

. Omit this block If FRIME=0
AA lor2 Rona fpeclﬁes unit hydrogeaph ® [fAA=1, a Nash hydrograph will be used
ype = i
Xk raal>0 if none hydrograph shape e ::AA—ZE;(Vtﬂlllams l:l):drograph will be used
AA=1 parameter & [fAA=1XK s Nash 'n
real if AAS2 8 IfAA=2 and XK>0 XK is Williams 'K’
@  IfAA=2 and XK=0 XK is height 'H’
g 150 none hydrogrlaph shape ® IfAA=1, TP is Nash parzmeter
real > arameler _ . X
ABSIMP e rrrnpervious initial @ IfAA=1, TP is Williams parameter
real »>=Q abstraction
RIMP none impervious runoff
real 0-1 : coefficient i
CETIMP nona impervicus area i
real 0-1 or <0 evgporation correction ®  OMIT CETIMP if IDOEVAP =0 (on START | - ;
coefficlent contiand) ;
a fCETIMP<0, CPAN from START :
command will ba used i
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XK

™

SMIN
SMAX
SK

APIK
APl

ABSPER

CETPER

1or?

real=0 if
AA=]
reals> if
AA=2

real >0
reat>=0
real>0

real=0

real>0, <1
real>0

real »=0

real 0-1 or <0

neneg

noneg

none

mm
mm
fmm

neone
mi

mm

none

specifies unit hydrograph
type

hydrograph shape
parameter

fiydrograph shaps
parameter

minimum S
maximum S
S change

parameler
initial AP1 value

pervious inftial abstraciion
pervious area evaporation
correction coef

Omit this block if FRIMP=1

& IFAA=1, a Nash hydrograph will be used

If AA=2, a Willlams hydrograph will be used
IfAA=1 XK is Nash o'

IfAA=2 and XK>0 XK is Williams 'K*

1§ AA=2 and SK<0 XICis height 'H'

iEAA=1, TP is the Nash parameler
[fAA=1, TP is the Williams paramefer

28 Q 886

Typically, APIK is near 0.9 per day

@ OMIT CETPER i IDOEVAPR =0 fon START
command)

@ f CETPER<D, CRPAN from START

command will he used

SKA (=1, NSVOL

SK2(MHI=1,NSVOL

SVOLM,I=1 MsvoL

positive real
positive real

‘t positive real

mm
Is

none

starting reserveir volume
reservoir constant
baseflow coaf

®  Omit this whole group if NSVOL=0
@  Provide one group for each of [=1,NSVOL

BFACR real>=1.0 mm baseflow coefficiznt @  Omit this whole group if NSVOL>0
starting reservoir volume
SVOL posilive real  |[mm minimum SVOL for
baseflow
SWILT positive real [ mm soil field capacity
recession const.
SFIELD positive real  [rm reduction factor,
SLOSKA positive real /s
SLOSKB posilive real | none
CET real 0-1 or <0 |none ET ceefficient @  OMIT CET [fIDOEVAR =0 (on START
commartd)
@ If CET<0, CPAN from START command wil
be used
ISNOW for2 none sets snowmelt method ®  Omit this whole group if temperature
| dea m?'é ?eppEFanf;? t fies are not providec
BASET real eg calibration coefficien § =1 Th il
SNOFAC real none starting pack depth @ Loi?ﬁg‘évnl; The model will use annual
calibration coefficient h .
PACDEP real mm thermal conductivity ratio. ® IFISNOW=2 the model will use variable
propostionality constant coefilclan.
ALPHAA real none instlation factor _
&  Applies to melt caloulations
XKL real none
BCOEF real neng &  Applies lo geothermal haat flux
XNCOEF resl nong
KFLAG 0,10R2 none sels removal option @ N THIS VERSION SET KFLAG=0
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XN -1 none fraction of snow removed Omit XN, DEPTH AND ARFAD if KFLAG=0
DEPTH real>0 mm depth before removal

begins
AREAD real=0 ha area of donor watershed

Omit thil tion if ISNOW=1

PSTATE real deg C temp. for precip. to be il s section §

SNOW.
COEFD real>0 none calibration coefficient . _ .

calibration coefficient If lZfIiL;AGi-‘I. user provides meil
COEFE real>0 nong rain gauge correction factor Coeticisnis

snow gauge correcton If IZFLAG=2, Anderson-Gray meit
CFACTR real>0 nona faclor coefficlents are used

sefs melt cosfiicient opticn If IZFLAG=3 Dorset, Ontario melt
CFACTS real>0 none coefficients ars usad
IZFLAG 1,20R3 fnomne
CMELT@, =112 reai none melt coefiicient Omit this sestion if IZFLAG<>1
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4.3.3.3 The WATERSHED Command
Purposa:

This command allows users to simulate runoff from a watershed. |t is similar but not
identical to the GENERATE command.

Use: -

This provides the ability to represent long term continuaus flow from a watershed. Itis not
intended to provide an ability to simulate detailed urban networks as might be done wikh
the SWIMM model. Rather, it is intended to enable the representation of catchments at a
level of detail suitable for representation of the major factors that govern long term runoff
processes. If more detailed representation is needed, this can be done by splitting the
watershed into more numerous smaller catchments and aggregating the result, or by
incorporating the resuits of an external model.

Mumerical Values:

Dmit tafs block it ERIMP=G
AA Torz none specifies unit hydrograph @ IfAA=1, a Nash fhydrograph will be used
lype o =2, & Will i
XK real>Q if none hydrograph shape a ::ﬁ—{‘i( . l”;jm'; ll'q:drograph wil be usad
AA=1 parameter =1 AR Is Nash'n
real if AA=2 B IfAA=2 and XK=0 XK is Williams 'K
@ IfFAA=Z and XK<0 XK is height 'H'
T none hydrcgrfph shaps @  [¢AASt, TP is Nash parameter
real =0 parameter @ - : ;
ABSIMP mm imparvious initial IfAA=1, TR is Willams parameter
real >=0 abstraction
RIMP none impervious runoff
real 0-1 coefficient
CETIMP none impervious area i N
real 0- or <0 evaporaticn correction @ OMT CETIMPIfIDGEVAP =0 {on START
coefticient command)
® |f CETIMP=<0, CRAN from START
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command will be used

XK

TP

SMiN
SMAX
8K

RKAPI
API

ABSPER

CETPER

Tar2

real>0 if
AA=1
real<> if
AA=2

real >0

real>=0
real=D
reat>0

real>Q, <1
real>0d

real »>=0

raal 0-1 or <0

none

none

none

mm
mra
fmm

none
mm

-mm

noneg

specifies unit hydrograph
type

hydrograph shape
parameter

hydrograph shape
parameter

minimum S
maximum S
5 change

parameter
initial APl value

petvious initial absiraction
pervious area evaporation
correction coef

Ormit firls block If FRIMP=1

If AA=1, a Mash hydrograph will be used

i AA=2, a Williams hydrograph will be used
If AA=1 XK is Nash 'n'

f AA=2 and XK>0 XK is Williams '/

If AA=2 and SK<0 X[ Ts height ‘'

[FAM=1, TP is the Nash parameter

[fAA=1, TP is the Williams parameter

B ®

a2 eaeee

@  Typlcaliy, APIK is naar 0.8 per day

®  OMIT CETPERIFIDOEVAP=0 (et START
comimarnd)

€ |IfCETPER<C, CPAN from START

command will be used

1 )

CET real 0-1 or <0 |none ET coeiiicient @ OMIT CETif IDOEVAP=0 (or START
commarnd) :
@ [fCET<0, GPAN from START command will
be used
ISNOW for2 none sets snowmelt method @ Omit this whols group If temperature
BASET real deg C melt temperature files are not provided
SNOFAC real none calibration cosfficient @  If SNOW=1 The model will uss annual
coefiicients
i dept
PACDEP real mm sltartlng pack depth @ |f ISNOW=2 the medel will use variable
ALPHAA real none calibration coefficient cosfficient.
XKL real | none thermal conductivity ratio, . .
BCOEF reat none proportionality constart &  Applies to melt calculations
ANGOEF- real none insukation factor @  Applies to geothermal heat flux
KFLAG 0,10R2 ‘none sels removal option @ IN THIS VERSION SET KFLAG=(
XN 0-1 none fraction of snow removed @ Omit XN, DEPTH AND AREAD if KFLAG=0
DEPTH real>0 mm depth before removal
begins
AREAD real>0 ha area of donar watershed
PSTATE real deg C temp. for precip. to be & Omit this section If ESNOW=1
SNOW.
COEFD real>0 none callbration coefficient @  If[ZFLAG=1, user provides meit
COEFE real>0 none calibration cosfiicient coafficients
CFACTR real>0 none rain gauge correction factor & I 'ZFLﬁG=2- Anderson-Gray melt
CFACTS real=0 none snow gauge correction - ceefficlents ars used
factor @ {fIZFLAG=3 Dorget, Ontario mell
IZFLAG 1,20R3 nong sets melt cosfficient option coeflicients are used
CMELT{(Y, [=1,12) real none melt coefiicient ®  Omit this section if IZFLAG<>1
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4.3.3.4 The PERVIOUS SURFACE Command

Purpuse:

This command simuiates hydrologic response of pervious areas (typically, vegetated or
open surfaces with little development) including pollutant loads associated with surface
runoft.

Use:

This command was developed specifically for the Toronto Region Conservation Authority,
although it can be used elsewhere if appropriate. 1t can be used in place of the
GENERATE commandl. 1t is one of four such commands (PERVSURF, IMPERVSURF,
PERVSURFSTORAGE, IMPERVSURFSTORAGE) which were implemented to facilitate
simulation of LID alternatives. As well as this section, Appendix B provides some general
guidance on the use of these four commands.

The cornceptusal arangement of this hydrologic element is shown below:

PERYSURF Command
Hydrolegie Coneept Bhatoh
and Terns Definition

L-r-——— Liguidinput
e o
e ﬁ =T gufaseEwsp
R e

DeprezshonSiorags “ RiayDepressionStorage
SurfaceRmoff ] B e ———
T GURFACE LAYVER
== Infiltration DeprassionBtorage = available storage (mm)
T Mangioivater
-‘- L T FieldCap _ SDIL WATER STORABE LAYER
SalET Sailvf ater .J~——""__F';P_P‘ Seiflster = cunent storage fmm)

-

T ylting P

J Li——‘ Fercolation
. ] DEEF STORAGE LAYER
M,__F.wm"“’ﬂ [BROUNDYATER)
& Gl Yevtame = current storage (mm)

GW'olumne
Yy @ Flow

Dizaplass
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Cutputs from the command provide several sets of information:

e Two binary outflow time sefles: one is surface runoff outflow (m®fs), while the other

2]

@

is subsurface (groundwater) outflow (m®/s) which conceptually could represent
groundwater discharge to catchment outlet (e.g. to outlet watercourse)

There is text output file that provides a water balance summary for eact layer.

Users can generate an optional detailed trace cutput: If SurfacelD is supplied as a
negative value, then PERVSURF will generate a detailed trace ouiput file (ASCH

. text forma’r):

o PERVYSTEPnnn.txt contalns all water budget components (in mm), suriace

outflow {(m3/s) and subsurface outflow (m®/s) for each time step (one record per
tire step, easy to import into spreadsheet) where nnn = Surtacelld

Some of the key computational factors in this command are:

@

@

It verifies mass balance on each time step.

Surface runoff is generated when Liquidinput exceeds current infiltration capacity,
which varles with soil moisture status (see below)

Surface runoff flow rate is computed based on the surface being representsd as a
sloped plane with the characteristic slope, length and surface roughness supplied
as input by the modeler. The model continuously tracks the depth of water on the
surface plane, and over any interval the surface outflow rate is computed using the
Manning equation with hydraulic radius approximated as depth of flow.

Soil molsture is continuously tracked. When soil moistura is above field capacity,
than the excess is considered as free water that can percolate by gravity downward
to the deep storage layer. The percolation rate is a constant rate supplied by the
user (presumably would correspond to vertical saturated hydraulic conductivity of
[imiting layer).

Soil moisture is depleted by evapotranspiration. The user supplies potential £T
rates with the START command. The potential ET rates can be scaled using
SoilETiactor.

When soil moisture is at or above field capacity (wet soil condition) ET occurs at the
potential rate (i.e. no limit to water supply to root systems). Actual ET will drop to
zero as soil moisture drops from field capacity fo wilting point.

There is no ET from the deep storage layer. Therefore, the soil water storage layer
represents the full depth of soil or overburden layers from which root systems can
extract water. The input values for Field Capacity and MaxSoilWater need to be set
accordingly. MaxSoilWater will generally be approximated as available porosity
times the depth of the soil water layer. Similarly, field capacity as well as wifting
point will in part depend on the total layer depth being represented by the soil water
layer. Field capacity per unit depth will be higher in finer-textured soils (e.g. clays)
than coarse-texiure soils {e.g. sand).
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Mumerical Values:
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4325 The IMPERVIOUS SURFACE Command
Purpose:

This command simulates hydrologic responsé of impetvious (e.g. pa\i‘ed surface) including
pollutant loads associated with surface runoff.

Use:

This command was developed specifically for the Toronto Region Conservation Authority,
although it can be used elsewhers if appropriate. 1t can be used in place of the
GENERATE command. it is one of four such commands (PERVSURF, IMPERVSURF,
PERVSURFESTORAGE, IMPERVSURFSTORAGE) which were implemented to faciitate

simulation of LID altematives. As well as this section, Appendix B provides some general
guidance on the use of these four commands.

Users have several output types to consider:

@ There are three binary outflow time series:
o OutflowlD1= FlowFraction1 * suiface runoff flow and pollutant loads
o OCutflowlD2 = FlowFraction2 * surface runcff flow and poflutant loads
o OutflowlD3 = FlowFraction3 * surface runoff flow and pollutant loads
o The text output file provides water balance summary.

o Users can request an optional detailed trace output: If OutflowlD is supplied as a
negative value, then IMPERVSURF will generate a detailed trace output file {ASCIi
text format). This is in the form of a file, “IMPERVYSTEPnnn.bt” where nnn =
OutflowlD1 that contains all water budget components (in mm) and the total
surface and subsurface outflow rates (m?/s) for each time step. This is produced
with one recard per time step, so that it is easy to import into a spreadsheet for
further analysis.
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Nusmerical Valuas:
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4.3.3.6 The PERVIOUS W STORAGE Command

Purposes:

This command simulates hydrologic response of pervious surface that includes a suriace
storage volume. It is intended to allow modeling of a soakaway areas or biorstention areas
that consist of vegetated area with a ponding capacity allowing both retention and
infiltration into the soil profile.

Use:

. This command was developed specifically for the Toronto Region Conservation Authority,

although it can be used eisewhere if appropriate. It can be used in place of the
GENERATE command. It is one of four such commands (PERVSURF, IMPERVSURF,
PERVSURFSTORAGE, IMPERVSURFSTORAGE) which wers implemented to facilitate
simulation of LID alternatives. As well as this section, Appendix B provides some general
guidance on the use of these four commands.

The conceptual arrangement of this hydrologic element is shown below:

PERNGURFSTORAGE
Hydrologle Concept Shctch
] Teemz Definition

Bala +» Snovmalt

B . Lateral httow
g Ligaidispsat = Raln » Snowmelt « Lateruf Inflow

m ']/:]” SucfaceErop

BarfaesBonobf q E——H......L____‘__‘

L —
= T ——— SURFACE STORAGE YOLUME
4 Infiltratica Breseribed by kable of
T . storage depth-area-outflowt velugs
daSoliw'ater
r_ T FlaldCap S0 YATER STORARE LATER
S9HET ; Sailututer =T Sifloistey = ountent starage [mm)
; [
WiltingPt

‘J l'*‘_ Percolation
L

P DEER STORAGE LAYER
(GROUNDYATER) .
T Fbodeme = current storage (mm)
Gw¥olume 5
> aYiow
r—

1l

Dreaploss
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The surface storage receives al! surface runoff generated by the pervious surface as well
as a user-specified lateral inflow series which can be any available time series. The
surface storage is characterized by a table of depth-area-cutflow values supplied by the
user. Losses from storage include evaporation as well as exfiltration of water into the soll
profile.

Outputs from the command provide several sets of information:

2]

There are two binary outflow tima series: one is surface runoff autflow (m?s), the
other is subsurface (groundwater) outflow (m3/s) which conceptually can represent
groundwater discharge to catchment outlet (e.g. to outlet watercourse}

There is a text output file provides water balance summary for each layer.

Users can specify an optional detalled trace output: If SurfacelD is supplied as a

negative value, then PERVSURF will generate two detailed trace output files (ASCII

text format):

o PERVSTORSTEPnnn.txt contains all water budget compenents (in mm) and
the surface and subsurface cutflow rates (m3fs), for each time step (one record
per time step, easy to import into spreadsheet) where nnn = SurfacelD

o PERVSURFSTORAGE.tra: contains trace ouiput for the suiface storage volume
only, including inflow, outflow, exfiitration ,evaporation and pollutant loads in and
out, for each time sigp

Some of the computational features are:

=]

a

Soil moisture tracking and soil water storage layer simulated in same manner as
described for PERVSURFACE command.

Yhen Liquidinput exceads current infiltration capacity, the excess water is added to
ihe surface storage volume.

The surface storage velume wilf also receive as direct input the external inflow time
series (flow and pollutant loads).

The surface storage is definad by the user, as a table of depth-area-ouiflow values.
The table must consist of a maximum of 20 rows, with each row containing a depth

of ponding (m), a corresponding water suiface area (m?) and outflow rate (m%/s).
The valuas must increase from row to row. Note that the water surface area on the
final row (i.e. the largest water surface area) must be less than the total surface
area for the pervious surface (SurfArea)

The surface storage volume is updated by mass balance over each time step.
VVater surface area is concurrently updated. Surface storage is depleted by
exfiliration into the soil water storage layer. Surface storage is also depleted by
surface evaporation. Exfilitration and evaporation accur only over the inundated
area (i.e. water surface area). Surface cutflow will occur according to the table of
depth-area-ouiflow values.

Pollutant routing occurs in the same manner as in the POND command. The
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settling velocities and first-order time decay parameter specified with the START
command are used. As with the POND command, pollutant routing is based on
considering the volume to be a series of completely stirred tank reactors (nCSTRs).
With nCSTRs=1, the volume is effectively a completely-mixed volume. With
nCSTRs set at B or greater, the conditions approach those of a plug-flow reactor.
With nCSTRs set between 1 and 5, the result can be considered as intermediate
betweaen completely mixad flow and plug flow.
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Numerical Valuzs:
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4.3.3.7 The IMPERVIOUS W STORAGE Command

Purpose:

This command simulates hydrologic response of impervious (2.g. paved suiface) that
includes a suiface storage volume. Intended to allow modeling of such features as flat
roofs with surface storage and controlled drainage outlet; or paved parking area designed
to provide surface ponding storage with controlled outlet.

Use:

This command was developed specifically for the Taronto Region Conservation Authority,
although it can be used elsewhere if appropriate. it can be used in place of the
GENERATE command. It is one of four such commands (PERVSURF, IMPERVBURF,
PERVSURFSTORAGE, IMPERVSURFSTORAGE) which were implemented to facilitate
simulation of LID alternatives. As well as this section, Appendix B provides some general
guidance on the use of these four commands.

The surface storage receives all surface runoff generated by the impetvious surface as
well as a user-specified lateral inflow series which can be any available time serles. The
suiface storage is characterized by a table of depth-area-outflow values supplied by the
user. Losses from the storage include surface evaporation.

The command produces three binary outflow time series:
o OQutflowlD1= FlowFraction1 * surface runoif flow and pollutant load
e OuiflowlD2 = FlowEraction2 * suiface runoff flow and pollutant loads
o Qutflow!D3 = FlowFraction3 * surface runoff flow and pollutant [oads

There is a water balance summary in the text output file. There is also an optional detailed
trace output. If OutflowlD1 is supplied as a negative value, then IMPERVSURF will
generate a detailed trace output file (ASCII text format). This file is named
“IMEPERVSTORSTEPnnn.&xt”, where nnn = QuiflowlD1. it contains all water budget
components (in mmy} and the total surface and subsurface outflow rates (m3/s) for each
time step (one record per time step, easy to import into spreadsheet)

Mumerizal Values:
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4.3.3.83 The CISTERM Command
Purpose:

This command simulates a simple rainwater cistern that is recharged by a specified time

serfes, and depleted by domestic use.

Use:

This was developed specifically for the Toronto Region Conservation Autherity geographic

region, although it can be used anywhere. it was implemented to provide a way to
simulate lot scale flow storage.

The specified cistern receives flow from a user specified inflow {ime serfes, and stores
water until cistern capacity is reached. Once the cistern is full, all inflow is bypassed.
Cistern storage is depleted at a user-supplied constant rate.

In the following simple example, a cistern is specified with a capacity of 1000 mS s
initially empty. The daily withdrawal amounts are based on cistern water being used in
summer months for irrigation.

CISTERN Inflow ID = 1 outflow ID = 91
Cistern capacity = 1000 cu m
Initial cistern storage = 0
Daily withdrawal volume for each calendar month

Jan 0.0 Feb (.0 Mar 0.0
Apr 0.0 May 65.0 Jun 133.0
Jul 161.0 Aug 161.0 Sep 133.0
Qct 0.0 Nov 0.0 Dec 0.0

Numerical Values:
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4.3.3.9 The AUSTIN FILTER Command
Furpose:
This commana allows users to simulate a filter type BMP.

Use:

This BMP is used when a sand filter fype BMP is of interest. Flows are routed through the
filter until the storage volums above is filled, and then they overflow.

Mumerical Values:
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4.3.3.40 The LEAKY BMP Command

Purpose:

This command allows users to simulate a detention type BMP that has a leaky bottom.
Use:

This BMP is used to represent a typical detention pend, but in a case where there are
significant exdfiliration losses through the bottom. 1t is based on situation where a confining
tayer of known thickness and hydraulic conductivity is below the facility, and that it leaks
continually through this layer when there is volums standing In the pond.

The figure adjacent provides a sketch of the way inflows
this BMP has been conceptualized. A known 0iCi [
inflow and concentration are added io the pond '
volume. This is a wet facility, so outflow is by
displacemant, and occurs only if H=Hmarx, in this
version, a high capacity outflow such as a weir is
 assumed, 50 that A does not differ materially
from Himax when Hmax is exceeded. Qutflow
through the pond bottom is through a confining
layer that is of known thickness and hydraulic
conductivity; a D'Arcy condition defines ouiflow

BT
rate as a function of gradient across that unit. ,% @ﬁgm losses

In this situation, it is assumed that the land In the oLC
vicinity of the pond is of hydraulic characteristics '
such that the primary impediment to outflow is v
the layer at the bottom of the pond. This is —=0i—0o-0l

considered to be a useful case to simulaie, dt

because in areas where flow is significantly = i H

impeded by the native material below the pand, Ol = k4, }“

outflow is less likely to be a factor in pond aVe

performance and bottom leakage may not be of == = QiCi~QoC—-QIC —kVC
interest. It is noted, however, that there are at : '

many cases that may occur which govern outflow through the pond bottom, that recourse
to a groundwater analysis may he necessary fo sstablish a preferred way to represent this
situation.

Throughflow

It is further assumed that the governing head for computation of outflow, and hence the
gradient, is represented by the depth of water above the bottom layer. This too should he
evaluated by the user.

The equations that have been chosen to represent this case are as shown above. These
are generally conservation equations, and two terms represent the key mechanisms
governing flow and constituent removal. One term defines outflow as a function of head
and bottom layer characteristics, in a relationship typical of groundwater behavior:

H
1= kd, 2L
Q hT

UserManual0777v2d 42




The other defines removal as a first order process, typical of indicator bacteria removal:

ac

dt
There are two discontinuities in the above system. Outflow Qo is zero if the pond is at or
less than maximum depth (H=<H,x), and leakage through the bettom is zero if the pond is
empty. Solution of this system in cases where 0<H<H,. is by means of a finite
approximation. The basic relationship between those limits is as follows:

V.=V _(Q11+Q212)><Af . (¢, +in2)fo

—kC

where subscripts denote conditions at the beginning (1) and end (2) of a time step. This
can be rearranged to provide:

where
H,xk= 4, (H,)x A

2T
H xkx 4,(H ) x At

ar
This is a simple variation on the classic storage indication method, and provides a robust,
quick and simple solution scheme for the present problem. i practice, the model
develops curves of SIB and S74 against H before the simulation of a series begins. Then,
for every time step, it solves the right hand side of the equation first from known /7, Qi and

O#,, and then solves for A, using the relation of SIB against H. With I, known, the rest of
the variables of interest are solvable as well.

SIB=V (H,)+

SIA = {1}~

Where the relationship resclves fo values less than zero (not a normal result) A: is set fo
zero. YWhere it resolves to values greater than .., I is sat to H,,. In both cases, outflow
and losses are than calculated directly.

Water quality effects are solved in a comparable manner. Afinite form of the conservation
equation applicable to this problem is:

CF, =CY +(C00 +C2Qz‘2)%—(kCIV, e, )%’i

—(C.0f +C,0L) 55‘25 —(C,Qo, +C,00,) %’1

UserManual(777v2d -43-




Solution of this is somewhat similar to the solufion of the quantity equations, as discussed
balow. To do this, the quality equation can be rearranged as:

_ AL
C,= [Cl (K '"'F;]l +(C,04 +C?_Q22)7]/(V2 +Fﬁ)
whare
' Af
£ =(kV,+0), +QO,)~2H

F, = (kV, + 0L, +Qo,)

This is directly solvable for C;, since all terms on the right hand side are known. As a
matter of computational efficiency, only ¥ is calculated at any time stap, since ¥, takas on
the value of F; from the previous fime step.

At
2

In practice this scheme has proven to be useful and robust. The useris cauiioned,
however, to note that within these relationships there are opportunities for numerical
errors, as there are with any numerical methods, particutarly as H moves ouiside the
limiting values O<H<H.. The model provides diagnostic information on flow conssrvation,
and this is useful in detecting errors of this fype. A shorter time step will generally solve
this problem if it is encountered.
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Nimerical Values:
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4.3.3.11 The POND Command
Purpose:

This command enables the simulation of conirof ponds, reservoirs or smali lakes. it routes
flows and, optionally, pollutants through the water body, simulating mixing and losses
along the way.

Usa:
The functions included in the POND command are iflustrated below.

i

o ]

The POND command includes a substantial range of capabilities. As shown below, it can
represent

» & bypass around the whole facility, which sends a stream of inflow around the pond
unireated and unrouted, to rejoin the effluent frem the pond at its outlet.

‘e evaporation from the pond, which is a loss from the system,
e three outlet options, including

o an overflow that only functions when the pond volume exceeds a specified
minimum value,

o a passive gate that always functions to provide an outlet as water in the pond
raises and lowers and

o an operated gate that is closed at the beginning of an inflow into the pond that

o s a specified base flow amount and that opens after inflow ceases and 2
specified detention time (TDET) passes.

Experience has shown that the definition and impact of detention time as incorporated in
the model is worth highlighting to avoid user misundsrstanding of how this term is used.

As indicated in the figure below, the specification of a detention time not only delays the
outflow, but changes the form of the outflow since the pond will tend to be fuller when
release is delayed and the flows that are generated immediately shift from zero to the
value that results from the full depth of water behind the opened gate. Use of outflow
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structures in combination can reduce this effect, since a limited outflow from a smali
passive structure will reducs the peak volume in the facility and therefore the rate of
outflow that is developed when the operated gate finally opens.

Clearly the combination of losses, cutflows and pond stagefvolume relationships have a
major impact on the simplistic piciure just presented, but the general principles fllustrate
how incorporation of a detention time can affect quantity routing.

E. s i 5y, oy it 4 s e s b g ny i iy ook -

The pond volume itself can be simulated as behaving as a completely mixed reacior, a
plug flow reactor, or a reactor that behaves between these extremes.
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Mumerical Values:

QQ{1,),QQ(2,h
in pairs where i
ranges from 1 to
NPTQQ

UserManualQ777v2d

sets values for bypass
curve, as approach flow
and Inlet ftow pairs

If NPTQQ#=0 this block must be omitled
All flows must be positive

The inlst flow (QQ(1,i)) must be greater
than the inlet flow (QQI2,1)) in every pair.

A8




SQ1(1,),5Q1(2.9)
in pairs where i
ranges #om 1 to
NPTSQ1

real >=0

m and
m3/sas

sels values for passive
oufflow curve, as {stage /
outfiow) pairs

@ § NPTSQ1=0 this block musi be omitted
@  All flows must be positive

o)

BT

none

real>0

Discharge coeffich

NPTSQ2 integer 2 specifies number of points @ IfISIGA=2 this block must be entirety
threugh 25 en operated outlet . omitied, but It is otherwise required
@& If NPTSQ2=0, then this block must contain
NP
SQI(1.5Q1@.0)  |real>=0 mand  |sets values for opsrated °’;I'V 1502 N
in pairs where i m3fsac  |cutflow curve, as (stage f @ Al lows must be positive
rangas from 1 to outflow) pairs
NPTSQ2
STHD real>0 m Pipe invert & K 1SIGA=1 this biock must be omitted, but it
BHE real>0 m Height of pond is otherwise required
DIAM real>0 m Pipe diameter . . N
GRAV a0 misecd Gravity <) E:o.nsrsient units are required
VISC reai>0 Wator viscosity @  This group sels values for calcutated
XLENG ceal>0 m Pine length operaied outflow curve
ROUGH real>0 Roughness
none

cD

specifies number of points

8  [f[SIGE=2this block must be entirely

NPTSQV integer 2 none
through 25 on overflow. omitted, but it is otherwise reguired
i @ |f NPTSQV=0, then this block should
o i ly NP
SQV(LHSQV(2)  |real>=d,  |mand | setsvalues for overflow A‘[’I”f:a'" only NPTSQY.
in paits where | real »=0 m3lsec  ]curve, as (stage { ouiflow) @ ows must be positive
ranges from 1to pairs
NPTSQY
STHD real>¢ m Pip.e invert & | 18IGB=1 this block must be omiited, but it
BHE real>0 m Height of pond is otherwise required
XLENG real>0 m Weir length

@ sets values for calculated ovarflow curve
®  Consistent units are required

T

specifies number of points

NPTSV 2 through 25 | nene @ IfISIGC=2 this block must be entirely
on voiume curve omitled, but it is otherwise required. Also,
NPTSA and NPTSV cannot both be 0 (i.s.
at least an area or vofume curve, or bath, Is
SV{1.0).5V(2.) real >=0, m and sets values for volume requirad)
in pairs where real >=0 m? curve, as (stage / volume) &  ITNPTSY=0. then the SV paics should be
ranges from 1 to pairs omitted !
weTSV o T
NPTSA Integer 2 nena spacifies number of poinis & IFNPT5A=0, then the SA pairs should be
threugh 25 on area curve, omitted
SA(1I)SAL2,) real >=C, m and sets values for area curve,
in pairs where i real >=0 m? as (stage / area) pairs
ranges from 1 to
MPTSA
sets values for calculated @  IfISIGG=1 this block must be omitted, but it
volumea and area curves is otherwise required
BWIDTH reaj =0 m - Basin width
BSLOPE real »0 mim Basin slope
BLEMN real >0 m Basin length
BHEIGHT real >0 m Basin height
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4.3.3.12 The EXFILTRATION POND Command
Purpose:

This command aliows users to simulate a pond that has exfiliration losses through the
bottom. Outflows are via a weir, and overflows occur if pond depth exceeds a specified
maximum. Basic theory is as described in the LEAKY BMP command (4.3.26 above)
except for the additicn of a welr. This command was originally developed at the request of
EPA in support of a project exploring indicator organism treatment.

Use:

“This BMP is used to represent a typical detention pond where there is a weir flow outlet
and there are significant exfiltration lossas through the botfom. Except for the weir, it is
similar to the LEAKY BMP command, Leakage losses are based on situation where a
confining layer of known thickness and hydraulic conductivity is below the facility, and that
it leaks continually through this layer when there is volume standing in the pond. Rate
constants (first order and ssdimentation) are obtained from the immediately preceding
START command.
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Mumerical Values:
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4.3.3.13 The ALTERNATIVE FILTER Command

Purpose:

This command allows users to simulate a pond that has a sand filter at the bottom.
Outflows are via a weir, and overflows accur if pond depth exceeds a specified maximum.
Basic theory is as desciibed In the LEAKY BMP command (4.3.26 above) except for the
addition of a weir and the addition of flows back to the outflow stream. This command was
originally developed in support of a City of Austin project exploring BMP placement and
design.

Use:

This BMP is used o represent a typical detention pond where thers is a weir flow outlet
and there are flows through a filter at the bettom. Except for the return of filtered flows to
the main stream, and the calculation of losses through the filter material, it is similar to the
EXFILTRATION BMP command. Filter flows are based on situation where a filter of known
thickness and hydraulic conductivity is below the facility, and that flows pass continually
through this layer when there is volume standing in the pond. Rate constants (first order
and sedimentation) are cbiained from the immediately preceding START command.

Mumerical Valuas:
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4.3.3.14 The FILTERED REMOVAL Command
Purpose:

This comrmand allows users to represent a BMP that operates as a filter medium, as might
appear in an LID cr sand filter systam.

Use:

The FILTERED REMOVAL command must refer to an existing time series file, and must
include identification for the output series as well as the parameters required for
calculation. The method used is based on Urbonas, Ben R. (Stormwater Sand Filter Sizing

and Design A Unit Operations Approach) found at
hitp:/fwww.udfed.org/downloads/pdfitech_papers/Sand-flt-papar.pdf

Numerical Values:
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4.3.3.15 The REACH Command

Purpose:

This command allows users {o simulate a river or channsl segment.
Use:

The user provides identifiers for one or more upstream series and one or more laterally
introduced series. These series represent flows infroduced to the channel at its headwater
or distributed along its length, respectively. The flows and constituents for these series are
are routed through the channel. Mydraulically, flows are routed based on continuity and
either a rating curve or Manning's equation as preferred by the user. Consfituent
transformations include mixing and losses. Mixing is controlled by the selected NELS
parameter obtained from the immediately preceding START command. Losses are first
order decay (computed based on DECAYK), and discrete settling computed (based on
SEDSET values), with parameters from most recent preceding START command.

Numerical Values:

0 e i S i B R Efl_llﬁ B P ey S e b
IDH;, i=1,NIDH a valld series | none identifies input serfies 10, @  Omit this block if NIDH=0 The series
o, referred to must have been developed in
an earlier run or a command prior to the
e of lhe REAH command

SRRl B
® QOmii this block if NIDL =0 The series
0. referred to must have been devsloped in

an earlier run or a command prior to the
use of the REAH command

Qf5 exponent

‘ Q/S coefficient
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RN
SF
38

real>0
real>0
real>0
real>=0

Manning n
friction slope
side slope
bottom width

Omit this bfock if FAORM=1
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4.3.316 The EROSIVE Command
Purpose:

This command computes the erosive impulse (excess boundary shear stress integrated
ovar time) applied to a user-defined stream cross-section by a specified time series of flow
rates.

Use:

This command was developed specifically for the Toronto Region Conservation Authority
area, and is intended to provide a way to assess the shear strasses developed in a stream
as a resulf of long term flows.

The stream cross-sectian is of trapezoidal geometry; the bottom width and side slopes of
the cross-section as supplied as input to this command, along with the hydraulic |
roughness (Manning n value) and the longitudinal bed slope.

The input to this cormmand must also include the critical tractive stress along the cross-
section bed and banks. A single critical strass value must ke supplied to characterize the
channel bed. For the channel banks, the critical tractive stress values are supplied at
aqual intervals of depth above the channel bottom, per the input description below.

Generally, the critical stress values are estimated using field investigations that would
include sampling and analysis of textural class of the bed and bank materials, and/cr direct
measuramenis of critical shear stress of bed and banks. Scme empirical relationships
between textural classification and critical stress is provided in Chow (1959).

This command funciions as follows:

e In each time step, the subroutine first computes the depth of flow, the hydraulic
radius and the velocity of flow, using the Manning equation with the user-supplied
Manning n value and assuming that energy slope equals the user-supplied bed
slope.

s The resulting tractive stresses on the channel bed along the wetted portion of
channel banks are computed using empiricaliy-derived equations documented in
OMNR (1982). These equations are presented below for reference.

e In each time step, the subroutine checks if the applied bed and bank stresses are
greater than the user-supplied critical values. If so, then the erosive impulse value
is updated. The erosive impulse is simply the time-integral of the excess tractive
stress. An impulse value is computed for the bed, and an impulse value is
computed for each depth interval up the banks.

The relationships used to resolve this are well known. As shown below, in a figure taken
from OMNR publication “Vulnerability of natural watercourses to ercsion due different flow rates”,

M.M. Diflon Limited, 1982, it is possible to develop an analytic solution of the distribution of
tractive forces in this particular case.
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AVERAGE TRACTIVE FORCE
£ D.62 MAX, TRACTIVE FORCE

TRACTIVE
FORCE
DISTRIBUTION

06—

FORCE ON A TRAPEZOIDAL CHANNEL BANK

d
¢ 5 MAX. DEPTH B = BED WIDTH Vo 1
d = DEPTH T: = TRACTIVE FORCE {
04 I
]
31 MAXIMUM TRACTIVE FoRCE |
RELATIVE DISTRIBUTION OF TRACTIVE el ! =
H
i
1
[]

. 1
[ 50 el
TRACTIVE FORCE parcent OF MAX.

Based on this case, the maximum applied tractive stress on channel banks is:
TSmax = CS{YRSE:)

Tsmax = max tractive stress on channel banks (Pa); and

Tgmax = max tractive stress on bed (Pa); Y = unit weight of water (N/m”)

R = hydraulic radius {m); Sb= channel hed sfope (m/m}

Cs = (/2% [1.3 - 0.15 In (B/y) ]
Cp = (2/2)°* ] 1.42 - 0.019 In (B/y)']
Z = channel bank side slope (horizontal to vertical)

B = bed width {channel bottom width, m)
y = total dapth of flow (m)

The distribution of applied tractive sfress along the channel banks is:

T:S = TSmax *sin [T (d/y)Gﬁ]

where Tg = tractive stress on channel bank at depth d above the channel bottom (m)
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A sample input set for this command are below. The critical shear stress valuas are
arbitrary, but the examples serve fo illustrate the use of the command.

EROSIVE

IPp=-171
Nunber of depth

Start

Depth increment
Bottom width
Sideslope

Slope

Manning N

date 2005
increments
0.05m
15 m

3

L | O T

Critical Bed Stress
Critical Bank Stress Values

5

[N S R, R

;o tn

5

[ SIS

5

v G anen

[S IS IO SR 5}

[Sx IR N R R 4]

0.004
0.05

Gt

[ SNSRI RS

[N R

05 28 End 2006 12 31

50

R G Ut A

The text output file created by QUALHYMO will includs the following output variables from
the EROSIVE command:

@

L]

Total duration of analysis (hours)

Total flow volume (hours)
Maximum flow rate (m3/s)

Maxdmum computed flow depth (m)
Maximum computed bed sfress and bank siress (Pa)

Total bed impulse (cumulative excess shear stress on the channel bed, integrated
over the duration of analysis), in Pa-hours

Table listing the impulse on the channel banks at each depth increment (NDepth

incremsnts), in Pa-hours

If IDin is specified as a negative value, then there will also be generated a detailed frace
output file (ASCII text) named EROSIVE . TRA, that presents resulis for each time step.
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The resuli of the above input sef would be as follows:

Flow volume

Bed Impulse =

139%2.000 hours
38763,833 (00s m3
181.893 m3/sec
3.312 m
127.285 Pa
111.587 Pa

Critical bed stress

bank stress

(m} {Pa)
0.000 5.0000
0.050 5.0000
0.100 5.0000
0.1590 5.0000
{efc, every 0.65 m)
2.300 5.0000
2.350 5.0000
2.400 5.0000
2.450 5.0000

Total duration of analysis

Maximum f£low encountered =
Maximum computed flow depth =
Max computed bed stress =
Max computed bank stress =

5.000

23241.355

Depth Critical

Results from EROSIVE POWER routine for series ID 171:

Pa
Pa-hours

Bank Impulse

{Pa—hours)

149,
138§,
127.
117.

373
283
900
536

References Cited:

o Chow, V.T., 1959. Open Channel Hydraulics. McGraw-Hill Book Company. Library
of Congress Catleg Card Number 58-13880.

o Ontario Ministry of Natural Resources (OMNR), 1982, "Vulnerability of natural
watercourses o erosion due to different flow rates”, report prepared by M.M. Dillon
Limited, Consuiting Engineers & Plannars, Toronta, Ontario, dated Nov. 19, 1082,
Dillon file # 9142-01, principal author F. lvan Lorant, P.Eng.
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MNumerical Yalues:
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4.3.3.17 The GET EXCESS SHEAR Command
Purpose:

This command computes the erosive impulse (excess boundary shear stress integrated
aver time and area) applied to a user-defined stream cross-section by a specified time
serfes of flow rates. !t reliss on non-standard data inputs, as it was developed as a special
case, with flows taken from the same input file as is described in the GET ALVI DATA
command. Ii is for test purposes only, and not for general use. [t will be replaced with a
standard format version at the end of 2009,

Use:

This command is intended to provide a way to assess the shear stresses developad in a
sfream as a result of long term flows. Where the EROSIVE command explores stresses
(Pa-hours of excess shear), this command calculates excess shear (N-hours) over the
areas provided. [tis able to use multiple sections, where the EROSIVE command only
uses one section at a time. However, it is restricted to cases in which only a single value
of critical shear is applicable {o the side slopes.

The stream cross-section is of trapezoidal geometry; the bottom width and sids slopes of
the cross-section as supplied as input fo this command, along with the hydraulic
roughness (Manning n value) and the longitudinal bed slope.

The input to this command must also include a single critical tractive stress for the cross-
section bed and one for the banks.

Generally, the critical stress values are estimated using field investigations that would
include sampling and analysis of textural class of the bed and bank materials, andfor direct
measurements of critical shear stress of bed and banks. Some empirical relationships
between textural classification and critical stress is provided in Chow (1959).

This command functions as follows:

e The command begins by calculating characteristic curves of excess shear for
various flow rates and depths in the channel, from zero depth to the user specified
maximum depth. These curves are printed for user reference, one for each section
input by the usar.

o Then, the command runs through sach time step. It reads headwater and lateral
flows from the input flow fite identified in the QCONTROL.TXT file. [t then
calcutates total flow for each section, and then calculates excess shear at each
section using the curves of excess shear that are first calculated,

e Once the whole time series has been run, the summary statistics are printed for the
user, including the total flow and total excess shear force calculated by the
command at each section input by the user.

As with the EROSIVE command, the excess iractive stresses on the channel bed and
along the wetted portion of channel banks are computed using empirically-derived
equations documented in OMNR (1982). These equations are presented in the EROSIVE
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command. They differ only in this command in that they are cenverted to force rather than
siress, by multiplying each stress value at each tims step by the represeniative area.

Asarmple input set for this command are below. The critical shear siress valuss are
arbitrary, but the examples serve to illustrate the use of the command.

GET EXCESS SHEAR NUMBER OF SECTIONS = 5
FLOW LENGTH MAX BOTTOM SIDE FRICTION N CRIT CRIT
FACTOR DEPTH WIDTH SLOPE  STORR BED  BAWK
SHEAR SHEAR
m m m m/m m/m
0. 100 0.1 15 3 .00a .05 2 1
.3 100 0.1 15 3 .04 .05 2 1
.5 100 0.1 15 3 .004 .05 2 ]
.7 100 0.1 15 3 .004 .05 2 1
1. 100 0.1 - 15 3 .004 .05 2 1
The result of the above input set would be as follows:
FLOW RECQRDS WILL BE SOUGHT ON DEVICE= 10
FLOW FILE = E:\Data\BillLucas\EROSION\TEST RUNS\testfile.TXT
DETECTED TIME STER IS 1.000000 HOURS.
CHANNEL SECTION CHARACTERISTICS, FOR SECTION 1
J DEPTH v R FLOW SHEAR
2 0.005 0.034 0.005 0.00 §.1646E+00
3 0.011 0.061 0.011 _0.01 0, 6490F+00
4 0.016 0.079 0.016 0.02  G,1253E+01

{ete, over the depth of the channel and repeated for cach section)

18 0.089% 0.250 0.088 0.34 0.3181E+04
19 0.095 0.259 0.093 0.38 0.3557E+04
20 0.100 0.269 0.098 0.41 0.393ZE+04
TOTAL RUN TIME: 48.00 HOURS.

CUMULATIVE SHEAR INDEX FOR EACH SECTION

SECTION TOTAL FLOW, TOTAL IMPULSE
(CU M) {¥-HOURS)
1 26701.516 0.4316E+05
2 27500.164 0.8342E+05
3 28032.602 0.8436E+05
4 28565.035 0.85373E+05
5 29363.682 0.8752E+05

UserManual0777v2d -64-




a
a

Numerical Yaluss

UserManual0777v2d



4.3.3.18 The SEDIMENT INDICATORS Command
Purpose:

This command computes the erosive impulse (excess boundary shear stress integrated
over time and area), the stream power and an indicator or {otal sediment fransport,
developed for a user-defined sediment and stream cross-section influenced by a specified
fime series of flow rates. It relies on non-standard data inputs, as it was daveloped as a
special case, with flows taken from the same input file as is describad in the GET ALVI
DATA command. It is for test purposes only, and not for general use. A standard format
command with comparable functions also exists (see CHANNEL SEDIMENT).

Use:

This scommand is intended to provide a way to assess several characteristics related fo
stream erosion as they are affected by as a result of long term flows. Where the EROSIVE
command explores stresses (Pa-hours of excess shear), this command calculaies excess
shear (N-hours), power (Waits) and a sediment indicator (kg) over the areas provided. Itis
able to use multiple sections, where the EROSIVE command only uses one section at a
time. Hawever, it is restricted to cases in which only a single value of ctitical shear is
applicable to the side slopes. '

The sirearn cross-section is of trapezoidal geometry; the botiom width and side slopes of
the cross-section as supplied as input to this command, atong with the hydraulic
roughnass (Manning n value) and the longitudinal bed slope.

The input to this command must also include a single critical tractive stress, critical
velocity, particle size and other parameters characteristic of the sediment of interest.

The command is not intended to provide universally applicable or absolute estimates of
long term erosion. Some factors and characteristics that could be relevant are not within
the scope of this command, such as mobile boundary responses, are not incorperated in
the command. As with other commands in QUALHYMO, the user must undersiand the
physical problem and the nature of the command and determine a best course of action.
In this case, it is necessary that the user be knowledgeable in the analysis of sediment
transport and to determine how to apply this command and incorporate the computational
results fo problem at hand.

Generally, the critical siress values are estimated using field investigations that would
include sampling and analysis of fexiural class of the bed and bank materials, and/or direct
measuremenis of critical shear siress of bed and banks. Scme empirical relationships
between textural classification and critical stress is provided in Chow (1858).

This command functions as follows:

s The command begins by calculating characteristic curves of excess shear, power
and sediment indicator for various flow rates and depths in the channel, from zero
depth to the user specified maximum depth. These curves are printed for user
reference, one for each section input by the user.

Then, the command runs through each time step. It reads headwater and lateral
flows from the input flow file identified in the QCONTROL.TXT file. 1i then
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calculates total flow for each section, and then calculates excess shear at each
section using the curves of excess shear that are first calculated.

e Once the whole time series has been run, the summary stafistics are printed for the
user, including the total flow and tofal excess shear force, fotal power and total
sediment indicator calculated by the comrmand at each section input by the user.

As with the EROSIVE command, the excess tractive stresses on the channel bed and
along the wetted portion of channel banks are computed using empirically-derived
equations documented in OMNR (1982). These equations are presented in the EROSIVE
cammand. They differ onty in this command in that they are converted io force rather than
stress, by multiplying each stress valug at each time step by the representative areg,

Excess shear is calculated as noted in the EROSIVE command. Stream power is
calculated as:

Q=yQSs,

where

v = fluid density

S, = friction slope
0 = flow rate (m’/s)

The indicator of sediment transport is patterned after Brownlie {1981).

vy 1578 & T
SED = Q7]. 1 SCD {W} S})‘SEG] |:'j’“:|
—1) 84,

5
where

SED =rafe of sediment transport {g/sec)

R, = hydraulic radius {m)

d, = characteristic sediment diameter (m)

G = specific gravity

£ = gravitational constant

¥ =flow velocity (m)

¥V =critical flow velocity (m/s)

¢, =Brownlie coefficient

The above is provided for convenience only; the user should refer to the original
documentation for particulars on this methoc.

A sample input set for this command ara below. The crifical shear stress values are
arbitrary, but the examples serve fo iflusirate the use of the command.
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SEDIMENT INDICATORS

BASIC SEDIMENT CHARACTERISTICS ========
CHARACTERISTIC PARTICLE SIZE = .00001 M
SPECIFIC GRAVITY = 2.67
CHARBCTERTSTTIC CRITICAL VELOCITY = 0.01 M/8
CRITICAL BED SHEAR = 2 M/SW M -
CRITECAT, BANK SHEAR = 1 N/SQO M
BROWNLIE COEFFICIENT = 1

CHANNEL SEGMENT CHARACTERISTICS meeeee=e

NUMBER OF SECTIONS = 5

FLOW  LENGTH MAX BOTTOM SIDE FRICTION N

FACTOR DEPTH WIDTH SLOPE SLOPE
- m m m m/m m/m -
.3 100 0.1 1 3 .001 .05
.3 100 0.1 1 3 .002 .05
.3 160 0.1 1 3 003 .05
.3 100 0.1 1 3 004 .08
.3 100 0.1 1 3 . 005 .05

The result of the above input set would be as follows:

SEDIMENT INDICATORS

CHARACTERISTIC PARTICLE SIZE = .C000L M
SPECIFIC GRAVITY = 2.67.
CHARACTERISTIC CRITICAL VELOCITY = 0.01 M/3
CRITICAT, BED SHEAR = 2 N/SW M
CRITICAL BANK SHEAR = 1 N/S5Q M
BROWNLIE COEFFICIENT = 1

CHANNEL SEGMENT CHARACTERISTICS =======

NUMBER OF SECTIONS = 5

FLOW LENGTH MAX BOTTOM SIDE FRICTION N

(eic, over the depih of the channel and repeafed for each section)

FACTOR DEPTH WIDTH SLOPE S5LOPR
- m i} m m/m m/m -
.3 100 0.1 1 3 L0031 .05
.3 100 0.1 1 3 .002 .05
.3 100 0.1 1 3 .003 .05
.3 100 0.1 i 3 .004 .05
.3 100 6.1 1 3 .005 .05
FLOW RECCORDS WILL BE SOUGHT ON DEVICE= 10
FLOW FILE = E:\Data\EROSION\TEST_RUNS\testfile.TKT
DETECTED TIME STEP IS 1.000000 HOURS.
CHANNEL SECTION CHARACTERISTICS, FOR SECTION 1
NGO, DEPTH v R FLOW SHEAR POWER SEDIMENT
- (M} (M/8) (M) {M/53) (Pa/8Q.M.) {(WATTS) (MG/3)
2 0.005 0.019 0.005 0.00 O0.0000E+00 0.2977E+01 0.4481E-04
3 0.011 0.030 0.010 0.00 0.0000E+00 0.9%4%4FE+01 0.5484FE-~-03
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18 G.088

19 ©.095

20 0.100
TQTAL RUW TIME:

CUMULATIVE EXCESS

0.246
0.254
0.262

0.072
0.076
0.080

48.00

HOURS.

0.03
0.03
¢.03

0.295BE+03 0.8211E+03
0.3231E+03 0.2091E+03 0.1359E+02
0.35038+03 0.1001E+04

SHEAR AND POWER INDICIES FOR EACH SECTION

0.1682E+02

0.2263E+02

SECTION TOTAL FLOW  TOTAL IMPULSE TOTAL POWER  TOTAL SEDIMENT
(Cy M) (N-HOUGRS) (WATT-HOUR) (KG}
1 27500.164 0.CO00E+0O0 0.2248E+06 0.9719E+03
2 27500,164 0.36038+05 0.2248E+06 D.3975E8+04
3 27500.164 0.4836E+05 0.2243E+06 0.B8982E+04
4 27500,164 0.5%12E+05 0.224BE+06 0.1596E+05
5 27500.164 0.68845+05 0.2248E+06 0.248BE+05
References:

Brownlie, W.R., 198, Prediction of flow depth and sediment discharge in open-channels.!,

Report no. KiI-R-43 A, Pasadena: California Institute of Technology, W.M. Keck

Laboratory.
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Mumerical Values
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4.3.3.19 The ADD SERIES Command

Purpose:
This command allows users to add two series together. The shoriest time step of the two

will be used if the time steps are not the same. MNoie that ths larger time step must be an
integer muliiple of the shottar time step if the two are not equal.

Use:

The ADD SERIES command must follow at least iwo commands creating oufput series, or
must be used in a situation where two output series already reside on disc, because the
command needs two input series to function. Several ADD SERIES can be used in

seguence.

The result of each invocation of this command {s 2 new series that is the sum of the two
input series.

Mumerical Values:
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4.3.3.20 The SPLIT SERHES Command

Purpose:

This command allows users to split a time series into two using a defined flow split curve.
Use:

The SPLIT SERIES command must refer to an existing time series file, and must include
identification for the two sub-series as well as the flow split curve. When used, the original
file remains infact and the two new files are generated.

Numerical Yalues:
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4.3.3.21 The WATER REUSE Command
Purpose:

This command is used to evaluate the effectiveness of water re-use based on storm flows
that are captured let by lot and then re-used locally.

Use:

The user provides information on demand and on supply {e.g. population, lot re-use and
per capita use etc.), as well as the identity of the input flow series. The user can add
custom diurnal and weekly variation curves by providing two files with hourly and daily
values respeciively; if they do not, a constant re-use rate is used.

Technical Approach:

As implementad in this command, the typical kinds of analysis which is anticipated users
will undertake would be an svaluation of the number of re-use consumers who can be
serviced from a given source, or an svaluation of the size of storage volume which is
needed to buffer the differances between inflow and outflow. There are at least three
components needed for the simulation of water re-use in this type of problem. These are:

the supply of water for re-use purposes,
the storage unit that retains this water, and
the rate of re-use.

In the figure below, which represents a typical re-use scenario, there is an inflow provided
by a series of rainfall avents. That inflow (shown in red) is balanced by a series of
withdrawals (shown in blue), depicted by a typical diumal demand curve superimposed on
a weekly demand variation. The difference between supply and demand is made up by a
storage volume (shown in green) which increases when supply exceeds demand, and
reduces when demand exceeds supply.
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A Typical Relationship Between Supply, Use and Storage

Userfdanual0777vad -73-



In this cormmand, the three terms are rapresented as follows:

Supply: Available water is simulated by a standard QUALHYMO flow series that will
typicaily represent a watershed area. In addifion, there are two other factors that
nead to be added to the algorithm when dealing with supply ata watershed level in
the urban context, which are the degree to which runoff can be captured at a lot
level, and the degree fo which a population will participate in a re-use program.
Both are critical management parameters, and both are incorporated in the supply
algorithim.

Demand: The demand for re-use will be a function of re-use targets (those paris of
the non-potable system that are fo be supplied with re-use product), and program
compliance. A per capita unit rate and population data provide the basic rate of
water consumption. The user also can provide estimates of diurnal variation and
weekly variation from the unit rate’. As well, the estimated perceni consurmer
adeption can be input.

Storage: The storage volume calculation is based on a standard routing algorithm.
At this time it is assumed that the storage will be enclosed tanks without leakage or
evapaorative losses.

Specific additional data required for the domestic water reuse assessments are indicated
in the tables of input values provided below.

The mathermatics in this algorithm are straightforward. Continuity provides the relationship
below.
a8

—=1-0
dt

where § = storage
I =rate of supply

O =rate of demand

This is solved as a finite approximation at the time step of the input series.

1 It is noted that data on re-use variation might not always be available. [n the
domestic context, diurnal and weekly variation In demand curves might be
represented by typical wastewater curves, factored to account for reductions due to
potable consumption elements and unsuitable (L.e. non-reuse supplied) domestic
uses.
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Atypical input deck for this command is as follows:

WATER REUSE
<DIURNAL DEMAMD=E:\Data\QUALHYMO TESTS\BMPCall\sacond\DAILY.TXT>
<WEEKLY DEMAND=E:\Data\QUALHYMO TESTS\BMPCall\second\WEEKLY.TXT>
ID=6
MAXIMUM 10T STORAGE = 2 CU M PER LOT
MAXIMUM DEPTH OF STORAGE ON LOT = 1 CU M
STARTING DEPTH OF STORAGE ON LOT = 0.5 CU M
POPULATION IN WATERSHED = 200 PEOPLE
POPULATION PER LOT = 3 PEOPLE
PERCENT OF LOTS PARTICIPATING IN REUSE = "70%
PER CAPITA CONSUMPTION = 400 LITRES PER PERSON FER DAY
FRACTION OF FLOW AVAILABLE FOR REUSE = 0.52

In this case, two variation curves are specified. They will be provided in two iext flles, one
value per record. For the daily variation curve there are twenty-four hourly values, and for
the wieekly variation curve, seven daily values. These might look like the following few
sample records:

0.870616687
,889963724
0.918984281

. {and s0 on)

Atypical output of this command is as follows:

WATER REUSE ‘
<DIURNAL DEMAND=E:\Data\QUATHYMO_TESTS\BMPCall\second\DAILY.TXT>
<WEEKLY DEMAND=E:\Data\QUALHYMO TESTS\BMPCall\second\WEEKLY.TXT>
1D=6
MAXIMUM LOT STORAGE = 2 CU M PER LOT
MAXIMUM DEPTH OF STORAGE ON LOT = 1 CU M
STARTING DEPTH OF STORAGE ON LOT = 0.5 CU M
POPULATION IN WATERSHED = 200 PEOPLE
POPULATION PER 1LOT = 3 PEOPLE
PERCENT OF LOTS PARTICIPATING IN REUSE = 70%
PER CAPITA CONSUMPTION = 400 LITRES PER PERSON PER DAY
FRACTION OF FLOW AVAILABLE FOR REUSE = 0.52

DAILY VARIATION READ FROM E:\Data\QUALHYMC TESTS\BMPCall\second\DAILY.TXT
CONSERVATION ERROR OF DAILY VARIATION CURVE = 0.000%

WEEKLY VARTATTON READ FROM E:\Data\QUALHYMO TESTS\BMPCall\second\WEEKLY.TXT
CONSERVATION ERROR OF WEEKLY VARIATION CURVE = {.000%

== FATE OF RE-USE COMPONENTS (CUBLC METERS) —===

STARTING VOLUME IN STORAGE 46.66666
TOTAL FLOW TO RE-USE PROPERTIES 672,3082
TOTAL. CONSUMPTION 217.8333
TOTAL BYPASSES 496.5511
ENDING VOLUME IN STORAGE 4.588838

CONTINUITY ERROR 0.000%
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4.3.3.22 The CHANNEL SEDIMENT Command
Purposa:

This cormand is used to estimate indices that reflect the tendency of flow in a channel to
cause sediment transport.

Use:

The user provides information on channel section and sediment characteristics, and an
input flow series. The command then routes the series through the channel, calculating
shear, excess shear and power over the period of interest.

Technical Approach:

The basic relations that need to be considered are shear force and stream power. These
are typically developed as follows.

Shear force is related fo the slope of the stream, the hydraulic radius and the
density of water:

T =7RS,

where

v = unit shear stress

v = specific weight of water

R =hydraulic radius of the channel
§, = friction slope of the channel

Power s related fo the flow rate, the slope of the stream and the density of water,
Q=y0S r
where

)= stream power
0 = flow rate

These relationshios are applied in this command. To do this, an irregular channel shape is
represented by a series of points defined by [ateral position and elevation.

“Pe
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To do this calculation efficiently, solution curves are developed for each of three cases:
- shear as a function of flow

- power as a function of flow
. excess shear as a function of flow

The modal then calculates power, shear and excess shear for all values of the continuous
input series. As it does this, it develops impulse and power values as the sum of
incremental impulse and power states. This is done by inferring depth from flow, and
power and excess shear from depth.

.
L(d) = [t (@d)at]

and

P(d) =) [(d)oat]

where
P(d)= time integral (finite) of power
Several points should be noted:
1. Section bifurcations are treated as single channel sections.

2 Distribution of flow is normalized across the subsections according to hydraulic
radius in each section {to the 2/3 power) for shear calculation purposes.

3. The calculation of hydraulic radius uses an algorithm that is most applicable fo
relatively gradually varying sections typical of natural channels.

Taken together, these calculations enable an evaluation of excass shear and fotal power,
and therefore the comparison of any particular management strategy to a base case in
terms of erosive potential.
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Numerical Values:
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A typical output of this command is as follows:

CHANNEL SEDIMENT
INPUT SERIES ID = 6
CRITICAL SHEAR = 2.5 FA

SECTION LENGTH = 2000 M AT BED SLOPE

SECTION DEFINED BY 7 POINTS

L0001 M/M WITH MANNING N=,012

STATTION ELEVATION
(M) ()
0- 0
1 1
1.5 1.5
2 2
2.5 1.5
3 1
| 0
CHANNEL FLOW CHARACTERISTICS
NO. DEPTH FLOW SHEAR EXCESS SHERR POWER
- (M} (CU.M/S) (Pa) {Pa) (WATTS)
1 0.Q000E$+00 0.0000E+00 ©0.0000E+00 O0.0000E+00 0.0000E+00
2 0.1000E+07 0.1318E+01 0.9810E+01L 0.2739E+01 OC.1293E+02
3 0.1500E+01 0.4391E+01 0.2207E+02 0.1253E+02 0.4307E+02
4 0.2000E+01 0.97258+01 0.3924E+02 0.26188+02 0.9540E+02
CUMULATIVE EXCESS SHEAR AND POWER INDICIES
TOTAL TIME TOTAL FLOW  TOTAL SHREAR TOPAL FEXCESS SHEAR  TOTAL ENERGY
{HRS}) (Cu M) (N-HOURS) (N-HOURS) {(WATT-HOUR)
86,00 0.3591E+00 0.2674E+01 0.7465E+00 0.3523E+01
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4.3.4 Interpretation Commands

4.3.4.1 The PULL SERIES SPAN Command

Purpose:

This command allows users {o puli a detailed listing of a subset of a time series data set.
Use:

The PULL SERIES SPAN command can be used if the specified time series exists.

The result of each invocation of this command is a listing of data, prefaced by file time step
and name informaticn. Afew lines of a typical output are shown as follows;

FILE CHARACTERSTICS =w=s======
HaWE = 208
TIHE STEP = 1.00000
YYYTHHDD Q3 D 51 g2 52 54 S5
1973 215 0.1307E-03 0.0000E+00 Q.1838E-09 0.7845E~10 0,7748E-10 D.3606E-09 0.2527E-08
1973 215 0.2209E-03 0.0000E+CG0 0.5500E-09 0.2345E~09 0.2308E-0% 0.1063E-08 0.6325E-0%
1973 215 0.3345E-03 0.0000E+00 0.1299E-08 0.5531E-09 0,5424E-0% §.2471E-08 0,1272E-07
1973 215 0.4686E-03 0.0000E+00 0.2608E-08 0.110%E~0B8 0.1083E-0§ 0,4881E-08 0.2202E-07
1973 215 0.6215E-03 0.0000E+G0 0.4677E-08 0.1987E-0N9 0,1933E-08 0(.86132E-08 0.3460E-07

Numerical Values:

UserManualQ777v2d -81-




4.3.4.2 The PULL POND SPAN Command
Purpose:

This command allows users to pull a detailed listing of various pond characteristics out of
the long time series generated in the POND command or ALTERNATIVE FILTER
command.

Use:

The PULL POND SPAN command must follow a POND command or an ALTERNATIVE
FILTER command, and will develop data for only the most recent preceding POND
command of ALTERNATIVE FILTER command. Several PULL POND SPAN commands
can be used in sequence.

NOTE: The preceding POND command or ALTERNATIVE FILTER command must have
the number of the output series set to a negative valus (ISER =-1 x ISER) for this
command to work.

The resuit of each invocation of this command is a listing of data, in a few lines shown as
follows:

DATE TIME INFIOW OUTELOW STAGE YOLUHE TOSSES
(HRS) {CHS) (CHS) (M} (a3 {CHG)
1970 1 1 g.08 0.000 Q.000 0.042 501.854 0.004
1970 1 1 1.00 0.000 0,000 0.041 487.089 0.004
197 1 1 2.04 0.000 0.000 0,049 472.331 5.004
1970 1 1 3.08 o.000 0,000 0.038 457.581 0.004
1970 1 1 4.60 3.000 0.0ag0 0.037 442,838 0.004
1970 1 1 5,00 0.000 a 0.036 428.102 0.004

Mumerical Values:
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4.3.4.3 The CALC PORND STATS C@mmand

Purpose:

This command zllows users fo develop statistics of the long time series generated in the
POND command or ALTERNATIVE FILTER command.

Use:

The CALC POND STATS command must follow a POND command or an ALTERNATIVE
FILTER command, and wiil develop data for only the most recent preceding POND
command or ALTERNATIVE FILTER command. Several CALC POND 3TATS commands
can be used in sequence.

NOTE: The preceding POND command or ALTERNATIVE FILTER command must have
the number of the oufput series sat to a negative value (ISER = -1 x ISER) for this
command fo work,

The result is a set of four listings of menthly maximum and minimum data and annual
maximum and minimum data illustrated as follows:

,,,,,,,,,,,, HOHTHLY MARKTMUMS =mcs==caw=s
DATE INFLOWY QUTFLOW STAGE FOLUHE
(CHS) (CHS} 4} (Us23)

(¥
1960 1 ©.164E+00 0.9%94E-0Z D0.550E+00 DOD.665E+D4
2

1960 0.427FE-51 0.000E+00 O.141E+00 0.168E+04
1960 3 0,174E+00 0.Q00E+0C O0,653E+00 O0.915E+04
sumz=zz=zna=c: HONTHLY MIHIHTHS =s==ss=sss=s

DATE INFLOW OUTFLOW STAGE FOLUKE

(CHS) (CHS) (H) { Hsess3
1960 1 0,000E+00 G.QOGE+00 D,000E+00 0.00CE+00
1960 2 0.000E+00 0.000E+00 0.000E+00 0O.00C0E+GO
1960 3 0.000E+00 O0.000E+00 O,900E+00 0.000E+Q0Q

c==zz=av==== ANHUAL HARIMUHS s==sssss=xa
DATE IHNFLOW OUTFLOW STAGE VOLIME
(CHS Y (CHS) (i) (Mat3 )
1960 0.916E+00 0,994E-02 QJ.117E+UL  0.178E+DS
1961 9,827E+00 O0.0COE+DQ 0.8397E+00 0.121E+05
1962 9.564E+00 0.000E+00 0.866E+00 0.1l17E+05
B —— ANNUAT, HINTHUMS vommawcane=
DATE TINFLOUW OUTFLOW STAGE WOLUHE
(CHS) (CHS i {H223)
19560 .000E+09 O.000E+00 O.00QBE+00 0O.000E+00D

1361 6,000E+80 0.000E+CO ©,000E+00 0O.000E+0D
1962 0._.000E+00 0.CQ00E+00 O,000E400 O,000E+00

Mumerical Valuss:

IFMt 1through 12 {month provides span information &  IfIFY<0 this entire block should be omitted
IFD 1 thrigslgh 31 iday @  IFYIFM and IFD must represent a valid
ITY avalid year year date that precedes a valid dafe reprasented
IT™ 1 through 12 [month by ITY, [TM and ITD

o 1 through 31 day- @  The dale span defined on the START

command musl encompass the datas
provided here,
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4.3.4.4 The MAXMIN Command
Purpose:

This command allows users to develop maximum and minimum monthly and annual flow
rate and volume statistics from any internally generated QUALHYMO time series.

Use:

The command can be issued for any properly constituted iime series that remains on the
disc. Therefore, ihe command can be issued throughout the run or ¢collected at the end,
so long as at any point the file that is of interest exists and has not been over-written.
Data are generated assuming the series contains whole months and years for the period
of inferest.

Output might look something like the following example, although it would typically tend to
extend for many months and years:

tmsummos =S MONTHLY HAXIMUHS =======s===
DATE FLOW RATFE

(CUS)

1 0.14110E-03

1962 2 0.30217E-Q1

1962 3 0.34496E-03

[ === MONTHLY MINIHUMS ====acdaux
DATE FLOW RATE

(CHS
1962 1. 0.000Q0E+00
1962 2 0,00000E+00
1962 3 0.00000E+00

sm=m=mez-sic HOHNTHLY TOTALS =x==ssasss=a=
DATE  FLOW VOLUME
¢CU. M, )
1962 0. 283336402

2 1
1962 2 0.6E649E+04
1362 3 0.9%307E+D2

====m=s===w= LHNFAL MAYTHOHS =—=====ss=a==
DATE FLOW RATE
{CHS)
1962 0.19767E+00
1363 0.30116E+090
1964 0.14915E+00
zesmoazz=z== ANNUAL HIRIMUHS =sross=so=mna

DATE FIOW RATE
(CHS)
1962 0.00800E+00
1963 0.0020QE+00
1964 0.00000E+00D
FLOV ' YOLUHE
(CU K, )
1962 0.74269E+05
1963 g.19110E+0&
1964 0. 10825E+0E
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Numerical Yalues:

IFY
ITY

Avalid year
Avalid year

years
years

stariing vear
ending year

@

IFY must predate ITY

This bleck shoulkd not be input if
MONTHORYEAR < 0
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4.3.4.5 The EXCEEDANCE Command

Purpose:

This command allows users to develop exceedance curves for any time series generated

by the modsl. :
Use:

The command can be applied either with specific curves provided by the user, or with the
model calculating curves based on evenly spaced points over the range of the input series.
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4.3.4.6 The CALC SERIES STATS Command

Purpose:

This command allows users to develop some basic parametric and non-parametric
statistics for any time series.

Use:

The command can ba applied to any series generated by the model, and can be set to
ignore or account for zero values in the series.
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4.3.4,7 The DUMP PRINT Command

Purpose:

This command allows users to print a detailed listing of the content of a series file.
tlse:

The PULL POND SPAN command must follow a POND command, and will develop data
for cnly the most recent preceding POND command. Several PULL POND SPANS can be
used in seguenca.

The resuli of sach invocation of this command is a listing of data, in a few lines shown as
£
follows:

Mumerical Values:
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4.3.4.8 The CALIBRATE Command

Purpose:

This command allows users to develop mass and rate information about a series of rainfall
gvents within the long term series.

Use:

One or two series may be specified. [f one is specified, simple mass and rate information
will be developed for gach specified rainfall event. if two series are specified, then the
mass and rate information for each will still be caleulated, but in addition there will be some
basic comparative statistics generated describing the degree to which the series of events
are similar.

Numerical Values:

UserManual0777v2d -80-




4.3.49 The PRE POST CONTROLLED Command
Purpose:

This command allows users o develop exceedance curves directly from data sets. [t
creates exceedance curves for the specified |Ds and optionally dumps time series in a
format easily cut and pasted into a suitable graphics prograrm. :

Use:

Three series may be specified, and one parameter (flow, first order or sedimsnt) may be
viswed. Setting the parameter switch to a negative value causes the time series dump.
Although as its name suggests this command was designed to be used in the context of
an analysis of predeveloped, postdeveloped and controiled conditions, it can be used to
evaluate series for other reasons, such as during calibration.

Numerical Values:
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5 Time Series Data

5.4 An Overview of the Time Series Data Sets

QUALHYMO is continuous simulation orientad and therefore relies heavily on time series
files managed on the user's hard drive. Each time series data set is contained in a unigue
file. There are two categories of time series data files:

e Internal buffer files
e User input files

5.2 Internal Buffer File Structure

These are binary files that are designed o achieve high data transfer rates and small file
sizes. They are structured in more than one way.

Modlel Unit Files

These files represent the input and cufput series from ADD, SPLIT, POND or REACH
commands, and the output series from GENERATE commands. They are the main
storage mechanism for QUALHYMO time series data. They consist of two segments, as
shown below:
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The header contains metadata that identifies file contents. The files are also narned in a
way that relates to the ID number assaciated with the file, to facilitate retrieval during a run.
The body of the file contains the actual time series data, one record per time step.

Warning: Valid ID numbers are integers from 1 to 200 inclusive. Values
outside this range may give unpredictable results.
R e L PO e ey D B AR N L M AL e AT P A S B3

It is important to note that the model unit files reimain on dise until over-written, so a user
can {for example) do a GENERATE run once, and then repeatedly pass the resulting time
series through a variety of POND or REACH configurations.

The POND Diagnostic Buiffer File

This file is generated by the POND command if ISER<0 (see saction 3.3.2), and remains
in place until over-written. 1t is accessed by the PULL POND SPAN and CALC POND
STATS commands to generate their results. 1t is similar to the model unit files in that itis a
compact binary file, but contains no header, as shown below:

sty s g e

Since BMPs are a major QUALHYMO interest area, it is anticipated that this file will be
accessed in a wider variety of ways in the future, but for now the PULL POND SPAN and
CALC POND STATS make use of this file, and enable retrieval of data for analysis external
to the QUALHYMO environment.
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5.3 Userlnput File Structure
There are several files that fall undar this category:
o rainfall
a temperature
a evaporation
o flow/pollutant series

All of these files are ASCII text files, each formatted in a coimmon or available manner to
facililate user access,

Consistent with the intent of this draft manual, the evaporation file will be discussed further
here. Other files are describad in earlisr manual versions, and will be described in
subsequent releases of this manual.

5.3.1 Evaporation Files
These files contain svaparation information, as follows:
Year, (Evaporation(i}, i=1,12)

The file is read as free formatted, so the model expects one integer followed by 12 floating
point values, each separated by at least che blank {'). An example of a few records from
such a file is;

0,00 0.00 41 .60 92.70 0 178,00 145.50 183.60 52.00 4,10
. . . . .60 189,70 137.40 95,00 49,60 t.00
0.c0 ¢.00 56.80 117.90 0

9

175.80 140.00 93.40 46.10 0.30
o.eag Q.60 43,90 123.90

174.10 159.5¢ 107.10 45.40 0.00

[=1=1=1-]
[=E=1=T-]
SRe0

The model immediately converts this file into a time series file that is easily used by the
model in subsequent calculations. For the present, this is an ASCII file that is formatted
with one line per time step, as '(14,2X,12,2X,F8.2), or

Year, Month, Evaporation

in a fixed format. This file is designated as a 'SCRATCH ' file, and therefore only exists for
the duration of a model run. Implementation of this file as a fast binary file which is
persistent {(exists between runs) is being considerad as an extension of the model, and will
be implemented if users indicate a preference for this altemativa.
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Appendix A

QUALHYMO Installation and
Configuration Options

‘A1 Ways to Run the Model
QUALHYMO can be run with or without command line parameters.

i Command line parameters are not used, then the model will run based on default
conirof files and file locations.

o The model command is simply its name. For example, if the model is located in a
user directory "ThisUser' in the 'Documents and Setiings' directory, the model would
be executed as follows:

@ Inthis case,

o the model will expect to find the control file ' QCONTROLFILE.TXT in the
directory the model is run from

o the model will creats a log file ' QRUNLOG.TXT' in the directory the medel is run
from.

If command line parameters are used then eithar one or two file names can be provided
to the model. The model command with ane parameter might be as foliows:

o |0 this example

o the model will expect to use the user specified name (anything the user wants
but in this case 'SomeFileName.txt') as the control file.

o the model will create a log file 'QRUNLOG.TXT" in the directory the model is run
from.
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The model command applied with two parameters might be as follows:

@ [nthis example

o ihe model will expect to uss the first user specified name (anything the user
wants but in this case 'SomeFileName.td") as the control file.

o the model will create a log file using the second user specified name (anything
the user wants but in this case 'AnotherName.txt' in its local directory.

Note: It is not possible to specify a log file without specifying the control file,

A.2 Ways to Set up the Model Control Files

The model requires a control file which tells it where the various input and output files are
located and what they are called. i also generates a log file that contains information on
the events that happen during the run. The relationships between these files is illustrated
below.
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The Control File itself follows some basic rules:
@ The file is an ASCH text file.

o The file can have any name and any extension that is legal under DOS but has a
default name of ' QCONTROLFILE.TXT.

® The' content of the Control File is as follows:

o Paih to working directory. The working directory can be any location the user
chooses. During the run, the model will look for all input files in that location,
and will create its output files there as well. Two possible exceptions to this are
the controf file itself and the log file. The control file and log file locations are
discussed in section 1.0.

o Mame of input file. This is the data file containing ail the model commands and
parameters. This name can contain embedded blanks but cannet have lsading
or following characters (except blanks and carriage return/ine feed line
terminators) that are not part of the name. This file is discussed further in
saction 3.0,

o MName of output fils. This is the file that will contain the modet output generated
during a run, This name can be any name legal under DOS, and can contain
embedded blanks but cannot have leading or following characters (except
hianks and carage returnfline feed line terminators) that are not part of the
name.

o Up to 4 optional time series files, that can be listed in any order:

g Number and name of rainfal file. The number must always be 9 in this
versian of the model. The name can be anything the user wants but cannot
contain embedded blanks. One or more blanks must separate the number
and the name. This file is discussed further in section 3.0.

m Number and name of the temperature file. The number must always be 8
in this version of the model. The name can be anything the user wants but
cannot contain embedded blanks. One or more blanks must separate the
number and the name. This file is discussed further in section 3.0

Number and name of the flow file. The number must always be 10 in this
version of the madel. The name can be anything the user wants but cannot
contain embedded blanks. One or more blanks must separate the number
and the name. This file is discussed further in section 3.0. '

a  MNumber and name of the evaporation file. The number must always be 7
in this version of the model. The name can be anything the user wants buf
cannot contain embedded blanks. One or more bianks must separate the
number and the name. This file is discussed further in section 3.0.
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A typical exampie of the contyol file as viewed in a popular text editor might be as follows:

‘ Fle Edt Seach Vew Tools Maeos

A
Canfigure  Wintdow

" DCOMTROLFILETAT * }

NEEBI§ERBE! I A EER

9 CALRAIR,.PRE
8 CALTEMP.THP
7 EG_CAL.TET

CinvdatasHyProjeciDirectory™
CALGARY AJRPORT Stage | FOND OHLY .THP
CALGARY AIRPORT Stage 1 POND OHLY 5.0UT

The Log Fife is not controlled by the user except possibly its name and location as noted

in section 1.0. lts characteristics ars:
The file is an ASCII text file,

e The file can have any name and any extension that is legal under DOS, but has a

default name of " QRUNLOG.TXT",
@ 1he contentis as follows:

o The first line is tha fime and date at which the model was run,

o The second line is the model version

o The next few lines indicate successful opening of the control files and input files

o Subsequent lines indicate events during the model run, such as commands or

errors that may be encountersd.

o Afinal line indicates a normal run ending and the time and date at which that

occurred.
An example run log might be as follows:

CONTROL FILE OFEKED

INPUT FROH: C:“data“MyProjectlirectory\CALGARY AIRPORT Stage 1 POND ONWLY . INP
— DUTPUT TO: C:data\MyProjectDirectory CALGARY ALRFORT Stage 1 POND ONLY &.00T

IHEOT FILE OPEHED
OUTPUT FILE QOFENED
COMIAND TABLE GENERATED

1 O O O O O B O |

= CALCULATIONS EBEGUN

READING FINAL CONTROL FILE ASSIGNUENTS

FILE C:“data‘\MyProjectDirectory CALRAIN PRE IDEHTIFIED
C:ndatasiyProjectDivectory~CALRAIR . FRE OPENED

FILE C;“\data HyProjectDirvectory\CALTEMP.THF IDENTIFIED
C:~datasHyProjectDirectory™\CALTEKP . THF OPENED

FILE C:“data\MyProjectDirectoryEG_CAL.TXT IDENTIFIED
CindatasdyProjectDirectoryEG_CAL . TXT OPEHED

— RETURN FROM COMMAND INTERPRETER., NER,HCODE: 0 1

=e= START COMHAND

— RETURN FROM COMMAND INTERPRETER, NER.KCCDE: 0 10

a== QUALITY PARAMETERS COMMAHD

with further lines documenting what commands were run in what order, and finally ending

as follows:

=== ROI ENDED NORMALLY 28&-Jun-07,02:3C:4
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It is not expected that most users will access the log file, since it is mainly useid in
tracking input or system errors that may cause a model crash. The user specified output
file will normaily contain the required details of model bshaviour and outputs. Itis
anticipated that the file will therefore be created in is default location and not routinely
used. This is the reason that the optional addition of a non-defaiilt run log name and
location is a command line parameter that is opticnal. However, users ¢an decide for
themselvas if this file has material vaiue and can manage it accordingly.

Note: Although the internal model file handfing structure is quite different from
sarlier versions of the model, users can still use the tools much as thay have.

e Ifihey wish, users can lacate all the files noted above in a single project 3
directory, and little will have changed from eatlier practices.

e Far production work, however, or {0 customize the mode! installation,
users can locate files and re-use them (especially rainfall or ather
externally measured series) as they wish. Also, it is no longer .
necessary to port the executable to wherever tha project files happen to |
he located. :

Flexibility ha

[ERe

s been increased, without making

T P e T e e e

complexity a requirement.

TR e R 3

A.2 A Word on Relative vs Absolute Addressing

Paths for the files used by the model can be established using standard DOS notation,
which means that both relative and absolute addressing can be used. As an example,
consider a case where:

s a project work space is in CADATA\DIR2\PROJECTLOC

o the model executable QUALHYMOO777.EXE is in CADATA\DIRT

e the control file is in C:\DATA\DIRT\CONTROLLOC and is called QFILE. TXT
s the user has opened a command line at CADATADIRT\RUNLOC

Since the path to the project workspace s “c:\data\dir2\prejectlocY, a suitable control file
might be:

C:\DATANDIR2\FROJECTIOC
REGEN . INP
TESTRESULTS.OUT

9 RAIN.PRE

3 TEHP.THP

7 EVAP.TXT
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A suitable command line to run the model with all files as described above would be as
follows:

The example above uses absolute addressing. There is another option, which is to use
relative addressing. [n the case at hand, an equivalant form of the above command line
would be:

The usefulness of relative addressing depends very much on how the user happens to
have placed the various model files on their system. In case of doubi, absolute
addressing is recommendead.

Relative addressing is not confined fo the command line. Relative addressing can also be
used in the path specified in the first line of the control file. i, for exampie, all files are
located in a single directory “C:\Documents and Settings\ThisUsen as discussed above,
then the control file might be;

REGEK . INP
TESTRESULTS.0UT
9 RAIN.PRE
8 TEHP.THP
7 EVAP.TET

where the path on the first line is simply a petiod or decimal symbol “.”, and the command
[ine becomes:
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Appendix B

Representing Some Common Features
with the PERVIOUS SURFACE,
IMPERVIOUS SURFACE, PERVIOUS W
STORAGE and IMPERYIOUS W
STORAGE Commands

The QUALHYMO commands created to serve emerging requirements in the TRCA context
can be employed fo represent site-level measures that promoie infiliration and provide
ohysical filiration to help with pollutant load reduction. The four hydrolegic commands
have guite a bit in commaon, bui differ in detail and intended use. [iis up fo the userto
establish how to best represent a BMP in their particular case, bui this section provides
some insights into ways they might consider as they decide on their simulation strategy.

Command

Typical Uses

IMPERVIOUS SURFACE

Used to separately simulate diffsrent types of hard surfaces, including
roadways, parking lots and roofs. These iypes of surface can be simulated
separately by repeated use of this ¢command so that different mean
poltutant soncentrations can be applied fo each surface type. Changing
poliufants according to land use type can be accomplished by preceding
each use of IMPERVIOUS SURFACE with appropriate POLLUTANT
SERIES command to apply appropriate poliutant concenirations.

PERVIOUS SURFACE

Used to simulate vegstated areas including landscaped areas, This
command can be used o represent vegetated yard areas that receive roof
drainage in residential areas. This command has been coded so that any
existing (previously generated) flow time series can be supplied by the
user as a lateral input to the surface (e.g. to roof runoff draining onfo a
grassed area).

IMFERVIOUS W STORAGE

Simulates impervious (e.g. paved surface} that includes a surface storage
volume, Intended to allow modeling of such features as flat roofs with '
surface storage and controlled drainage outlet; or paved parking area
designad to provide surface ponding storage with controlled cutlet. The
surface storage Is characterized by a table of depth-area-cutflow values
supplied by the user. Losses from the storage include surface evaporation.

PERVIOUS W STORAGE

Used to simulate grassed swales and soakaway infiliration facilities. This
command has been coded so that any existing (previcusly generated) flow
fime series can he supplied by the user as a lateral input fo the surfacs.

These commands complement the QUALHYMO GENERATE command by providing

alternate means of simulating surface runoff processes within smaller-scale situations.
The GENERATE command is infended more for simulating the hydrologic response of
targer watershed areas. Accordingly, GENERATE makes use of estimates of effective
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imperviousness over larger areas, and uses a modified SCS Curve Number approach that
uses Antecedent Precipitation Index (API) to provide continuous simulation of suiface
runoft production at the watershed scale.

Separate representation of impervicus and pervious surfaces, and allowing for surface .
runoff from one to be diverted onto the other, provides a more explicit means of modaling
urban processes, especially when dealing within smaller-scale areas such as individual
development areas or properties. This was the impetus for extending QUALHYMO's
command set to include these four commands.

Notes on these commands are as follows:

1. Inthe case of the IMPERVIOUS SURFACE command, the command has been
coded such that the surface runoff and pollutant loadings can be split into as many
a three fractions, This allows, for example, one fraction to be diveried onfo a
pervious vegetated surface (e.g. roof drainage onto grassed area) while another
fraction goas directly to storm outlet.

2. Both the PERVIOUS SURFACE and PERVIOUS W STORAGE provide continuous
simulation of soil maisture status within and vertical water movement through a
poraus soil profile. The user must supply the following input parameters

o Surface area in hectares

o Maximum and minimum surface infiltration rates. The actual surfacs infiliration
capacity at any point in time varies between these two rates depending on soii
moisture siafus. .

o The soil moisture storage capacity, field capacity and wiliing point. These are
input as mm of water depth. The siorage capacity is a function of the depth of
the soil profile and the available perosily. Field capacity represents that amount
of water that can be held against gravity drainage (i.e. held within the soil matrix
by capillary tension). Wilting peint is the amount of water held in the matrix at
the point at which vegetation root systems can no longer extract moisture.
Storage capacity, field capacity and wilting point will vary with soil texture. As
well, when expressed as mm of water, the values will depend on the depth of the
soil profile being modeled. Since all ET losses are accounted for within this
layer, the depth should be at least equal to the full depth over which the
vegetation’s root system can extract water.

o Percolation rate. This is the rate at which free water (f.e. amouni of water in
excess of field capacity) can move gravitationally downward through the profile
and into the underlying layers, which are represented in the model as a
conceptual groundwater storage reservoir. In other words, percolation is
groundwater recharge. The percolation rate should be hased on the limiting
saturated hydraulic conductivity of the soil layers through which the water must
percolate to reach the water table. The model assumes that this percolation
capacity is always available.

3. In all of these commands, the total liquid input to the surface will be comprised of
rain plus snowmelt, plus any lateral inflow as specified by the modeler. The lateral
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inflow could, for example, be the surface runoff outflow from an IMPERVIOUS
SURFACE. ,

4. |n the PERVIOUS commands, actual evapotranspiration is computed based on
potential ET rates supplied as input to the model. When soil moisture is ai or above
field capacity, actual ET will be equal to potential ET. Once soil moisture drops
below field capacity, actual ET will be lower than the potential rate; the actual ET
rate approaches zero as soil maoisture approaches wilting point.

5. In the case of the PERVIOUS SURFACE command, when the tofal liquid input to
the surface exceeds surface infiltration capacity, then surface runoff is generated.
The rate of runoff (flowrate) is based on surface roughness (Manning n valus),
slope and characteristic length supplied by the user.

6. In the case of PERVIOUS W STORAGE, the user does not supply surface slope,
langth and roughness.” Instead, a surface storage element is defined using a table
of depth-area-outflow values that the user must compute and supply to tha model.
When total liquid input exceeds surface Infiliration capacity, water will be stored
within the surface storage element. The model continuously tracks the water depth,
inundated area and volume within the surface storage element; and suiface
evaporation and exfiltration of stored water into the soit profile occur over only the
inundated area.

7. Total outflow from the conceptual groundwatar storage layer is comptited as a
simple linear function of storage level. The modeler can specify that a percentage
of this outflow be considered as “deep losses” which do naot contribute fo the
subsurface outflow rate.

The PERVIOUS commands do not provide any simulation of peliutant removal by filitration
or other processes associated with vertical water movement downward through the soil
matrix. However, the effect of this filtration process can be represented by using the
POLLUTANT SERIES command to assign appropriate average polluiant concentration
values to the subsurface (groundwater) outflow.

Note that in the case of the PERVIOUS W STORAGE command, pollutant removal (solids
settling and first-order decay) is simulated within the volume held in the surface storage
element, in the same manner as used in the POND and REACH commands. Thatis, the
surface storage volume is represented as a number of completely-mixed tank reactors,
with solids settling and first-order decay occurring based on rate parameters supplied with
the START command, The PERVIOUS commands provide a conceptual representation of
infiltration into, movement through and ET losses from a porous medium. Thess
commands can therefore be used to simulate hydrologic response of vegetated areas on
native soils.

As well, through appropriate values for input parameters, the PERVIQUS SURFACE and
PERVIOUS W STORAGE commands can be used to represent various site-level BMPs
such as infiliration trenches, vegetated swales, soakaway areas, subsurface infiliration
galleries or bioretention facifities. Refer to the following table for an cutline of how some
commands and BMPs might be related.
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Linear vegetated swales allow
for infiltration of water info
native soils

Type of BMP QUALHYWMO Notes on Input Parameters
Command
Soalkaway area: PERVIOUS W |e Storage depth-area-outflow table based on actual
. STORAGE surface grading and estimate of ponding depth before
Designed as area for spill outflow occurs.
temporary surface ponding on = Surface infiltration capacity and percolation capacity
native soils based on estitmated saturated hydraulic conductivity of
soil laysrs.
= Lateral inflow fime series is the inflow from adjacent
areas
Infiltration trench or PERVIOUS e | ateral inflow time series is the facility inflow
F i i o . SURFACE
infilration gallery: e Surface area equal actual trench surface area
Designed using coarse o Surface infiltration rates set to represent high
granular filtration media capacity for water to enter fop of granular matyix.
surrounded by geotextile;
allows for water to exfilirate e Sail molsiure holding capaciiy based on depih, width
into surrounding native soils. and effective porosity of granular matrix.
Qﬂay '[Fdflﬁre ;an _overﬂow p”;e o Field capacity minimal and wilting point zero (minimai
0 COTleCt Waler In BXxcess o water held in matrix by capiliary potential).
exfiltration capacity
o ET factor sef {o zero, a2s no vegetative roof system
within granular matix.
o Percolation rafe set to value representative of
saturated hydraufic conductivity of surrounding native
seil.
Bicretention facility: PERVIOUS W  |e Similar to soakaway area {above)
STORAGE
Designed to provide some e Storage depth-area-outilow table based on actual
surface storage pending surface grading and estimate of ponding depth before
capacity, either on native soils spill outflow occurs.
9'1[011 dgrg;u:ular ﬁIIOT:teraal e Surface infilration capacity based on estimated
En ?n gf o prom conductivity of surface scil layer or granular material
infiltration
e Percolation rate based on estimated conductivity of
underlying soil layers
Grassed swales: PERVIQUS W | e Storage depth-area-cuiflow table based on average
STORAGE or fypical swale cross-section, hydraulic roughness and

bed slope to develop flow-vs-depth rating curve, which
can then be used fo estimate depth-area-outflow from
length of swale.

= Surface infiltration capacity and percolation capacity
based on estimated saturated hydraulic conductivity of
soil tayars.
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The IMPERVIOUS and PERVIOUS commands can accept lateral inflow time series as
part of the total liquid water input to the surface. And, as noted above, surface ouiflows
from IMPERVIOUS SURFACES can be divided info three fracfions. This allows for a goed
deat of flexibility in representing drainage connectivities that may be of significance at the
urban site level.

A schematic of how this can be accomplished is shown below. This example is & model of
a residential development site that includes an infiltration facility that receives all surface
runoff from the site area. [n this example,

Separate IMPERVIOUS SURFACES represent roofs versus roadways and parking areas.
The roof runoff is split into two equial fractions, one of which is used as lateral inputto a
PERVIOUS SURFACE that represents grassed yard areas that receive the roof runoff.

@ A separate PERVIOUS SURFACE represents other vegetaied area.

@ The ADD SERIES command is then used to add up the surface runoff fror the
various surfaces to generate a single time series representing the iotal surface
runoff from the area.

® This time series is then used as lateral input to a PERVIOUS WITH STORAGE that
represents the infiliration facility itself. In this case, the infiltration facllity is within a
park area and consists of a surface ponding area over top of a granular fill matrix
that allows for exfiliration into the surrounding native soils. The outflow from the
surface storage element represents the net surface runoff from the sife.

@ The ADD SERIES command is used to add up the subsurface outflow components
from each of the PERVIOUS SURFACE elements, to get the total subsurface
outflow from the sife.

Note that QUALHYMO generates a standard text output file that provides a water balance
summary for each individual PERVIOUS or IMPERVIOUS element. These summaries
include total volumes for liquid water input, surface evaporation, infiliration, ET from the
soil layer and percolation to the conceptual groundwater layer, along wiith mass balance
checks (i.e. continuity error checks). The modeler can then take tha vaolumeas fram these
summaries to compute the overall water balance for the site.
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Appendix C
QUALHYMO License and
Maintenance Agreement, General

Users are cautioned that there may be updated or different versions of the manual and/or
QUALHYMO software available, and that there may be updated or different versions of the
license assoclated with the manual and/or QUALHYMO software, so they shouid verify the
license and version they have in hand prior to using the model.

1, LICENSE

QUALHYMO is software provided by ACR, LLC. That software and any documentation associated
with that software, considered either individually or togethet, constitute the Product. The Product is
provided to the person or firm or other entity (Enterprise) directly from ACR, LLC ot by download
from an ACR, LLC web site as a non-exclusive enterprise license, and may be used by the Enterprise
(Usets) on any number of computers owned and operated by the Entetprise for a period of one yeat
commencing on January 1, 2009, except as noted elsewhete in this Agreement. To enable such use, one
(1} copy of Product may be stored by the Enterprise on storage media for a petiod of one year
commencing on January 1, 2009 except as noted elsewhere in this Agreement.

2. RESTRICTTIONS.

Restrictions to the use and/or dissemination of Product shall include but not be limited to the
following:

o Reverse Engineering: The Eaterprise shall not in any way cause or permit the modification
of Product or the creation of derivative wotks based on the Product, of any portion theteof,
o ‘Transfer: The Enterprise shall not cavse or permit communication of copies of Product

other than to Users and shall ensure that no person who is not a Enterprise employee can acquire a
copy oz copies of the Product. The Enterprise shall ensure that persons who cease to be Users uader
this license do not retain copies of the Product.

o Versions: If the Product becomes available in 2 modified form over the term of this
Agreement, the Enterprise will ensute that Users ate notified and provided with access to the modified
form of the Product. This Agreement shall apply to such modified versions of the Product should they
become available.

o Location: The Enterprise shall ensure that Usets do not make reference to of use the
Product in any way in any jurisdiction or situation outside the jurisdiction of the Enterprise.

o Use of Name. The Enterpdse mﬁy not use the ACR, LLC. name, logos, or trademarks in
any manner except as is necessary to affix the appropuiate copyright ot other proprietary notices as
requited herein unless such use is explicitly agreed to in writing by ACR, LLC.

o} Computing Eavironment: The software elements of the Product ate executable only undex
the Windows XP operating system. Data and other input xequirements ate specified in the
documentation elements of the Product, or are as implicitly or explicitly required by software elements
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of the Product.

3. TTILE.

Al title, ownership sights, and intellectual property rights in and to the Product and any copies thereof
are vested in and shall remain in ACR, LLC. The Product is protected by the copyright laws and other
intellectual propesty laws of Canada, the United States and international treaties.

4, RESPONSIBILITY FOR USE.

The Product or some versions of the Product are likely to have errors or bugs in some form, Itis the
sesponsibility of the User: to ensure that the Product is approptiate for, and is used in 2 way appropriate
for, the User's intended putposes. Tt is the responsibility of the User to ensute that any results they may
develop using the Product ot in association with the Product are correct and apptoptiate for the
purpose intended by the User. The Product may not be accurate ot as represented, and the constitments
of the Product, namely its documentation and any software associated with that documentation, may
be nutually inconsistent. The author/s of the Product is/are not responsible for atiy consequences of
the use of or reference to the Product, regardless of the nature of the association of those
consequences with the Product or of the way it may have been used or referenced.

5. TERMINATION.

The Ticense is in effect until terminated. Enterptise may terminate this License by ceasing any use of
the Product, and deleting ot otherwise destroying copies of the Product. The License will terminate
inmediately and automatically if the Entetptise breaches any of the terms of this Agreement. Sections
2,3,4,5,6,7,8and 9 shall survive any termination of this Agteement.

6, EXPORT CONTROLS.

This Softwate is subject to the export control laws of Canada and the United States. The Enterprise
may not export or re-export the Software ot any part thereof without the approptiate Canada, United
States and foreign government licenses. The Enterprise shall otherwise comply with all applicable
export control laws and shall indemnify, defend, and hold ACR, LLC harmless from any and all
liabilities (including attorriey's fees) atlsing from or related to the Enterptise’s violation of such expost
contto] laws.

7. LIMITED WARRANTY.

ACR, LL.C's sole liability is the availability of an electronic copy of the Productona web site accessible
{hrough an internet connection using file transfer protocol for a period of 90 days, and the sole and
exclusive remedy of the Enterptise for any breach of this warranty shall be to provide media
contzining a duplicate copy of the Product, with the selection of szid media to be entirely at the
discretion of ACR, LLC. THIS IS A LIMITED WARRANTY AND IT IS THE ONLY
WARRANTY MADE BY ACR, LIC. EXCEPT FOR THE LIMITED WARRANTY SET
FORTH HEREIN, THE SOFTWARE AND DOCUMENTATION ARE PROVIDED "AS Is"
AND ACR, LI.C MAKES NO OTHER WARRANTY, REPRESENTATION, OR CONDITION,
EXPRASS, IMPLIED, OR STATUTORY, AND EXPRESSLY DISCLAIMS THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND
NONINFRINGEMENT OF THIRD PARTY RIGHTS. THIS WARRANTY GIVES THE
ENTERPRISE SPECIFIC LEGAL RIGHTS, AND THE ENTERPRISE MAY HAVE OTHER
LEGAL RIGHTS THAT VARY FROM STATE TO STATE OR BY JURISDICTION.
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8. LIMITATION OF LIABILITY.

UNDER NO CIRCUMSTANCES AND UNDER NO LEGAL THEORY, TORT, CONTRACT, OR
OTHERWISE, SHALL ACR, LLC BE LIABLE TO THE ENTERPRISE OR ANY OTHER
PERSON FOR ANY INDIRECT, SPECIAL, EXEMPLARY, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES OF ANY CHARACTER INCLUDING, WITHOUT
LIMITATION, DAMAGES FOR LOSS OF GOODWILL, WORK STOPPAGE, COMPUTER
FATLURE, LOSS OF DATA OR MALFUNCTION EVEN IF ACR, LLC SHALL HAVE BEEN
INFORMED OF THE POSSIBILITY OF SUCH DAMAGES. IN NO EVENT SHALL THE
AGGREGATE LIABILITY OF ACR, LLC UNDER THIS AGREEMENT EXCEED THE SUM
OF ONE DOLLAR (UNITED STATES CURRENCY). NOTHING IN THIS AGREEMENT
SHALL EXCLUDE OR LIMIT A PARTY'S LIABILITY FOR ANY LIABILITY WHICH
CANNOT BE EXCLUDED OR LIMITED BY LAW

9. GENERAL.

This Agreement represents the complete agteement concerning this license between the parties and
supersedes all prior ox contemporaneous agreements and representations between them with respect to
the subject matte. This Agreement may be amended only in writing executed by both parties. THE
ACCEPTANCE OF ANY PURCHASE ORDER PLACED BY THE ENTERPRISE IS
EXPRESSLY MADE CONDITIONAL ON THE ENTERPRISE’S ASSENT TO THE TERMS
SET FORTH HEREIN, AND NOT THOSE CONTAINED IN ANY PURCHASE ORDER, AND
SUCH PURCHASE ORDER TERMS SHALL HAVE NO EFFECT ON THIS LICENSE
AGREEMENT. If any provision of this Agreement is held to be unenforceable for any reason, such
provision shall be reformed only to the extent necessary to make it enforceable and the remainder of
this Agreement ghall nonetheless remain in full force and effect. ‘This Agreement shall be governed by
and construed under Florida law; except #s governed by Federal law: All disputes arising under this
Agreement shall be brought in the coust of competent jurisdiction in Orlando, Seminole County, State
of Florida in the United Stases, and the Enterprise consents to the personal jurisdiction of such court.
The application of the TJnited Nations Convention of Contracts for the International Sale of Goods is
expressly excluded.
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