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1.0 Introduction

ADEQ is required to develop total maximum daily load (TMDL) calculations for dissolved copper and total lead in Queen Creek near Superior, Arizona.  The approximately 96 square mile watershed study area is located approximately 50 miles easterly of Phoenix, in east-central Arizona.  The purpose of this report is to describe: the project scope, available data, chosen modeling code, the modeling effort to date, and the tasks remaining to complete the TMDL analysis.
2.0 Physical Setting

Queen Creek begins in the Tonto National Forest below Fortuna Peek (5269 msl) as a high gradient, intermittent, arid mountain stream (Figure 1).  The upper watershed is dominated by bedrock outcrops and shallow soils.  A second high elevation tributary originates on the easterly side of a prominent ridge known as Apache Leap and joins Queen Creek in the area known as Oak Flat.  From here Queen Creek flows steeply approximately 2.5 miles along US Highway 60 toward the Town of Superior.  From Superior to the Whitlow flood control dam, the stream takes on the characteristics of a low gradient, desert foothill stream dominated by thick piedmont sediments and infrequent undulating bedrock.   The portion of the Queen Creek study reach begins at the headwaters and flows approximately 13 miles to Queens Station, below the confluence of Potts Canyon (2290 msl).  

3.0 Climate

Climate in the Queen Creek watershed varies substantially from the mountains, being much cooler and wetter, to the lower deserts, being hotter and much drier.  The region has two wet seasons.  Seasonally increased precipitation occurs during the summer monsoon season as intense, but spotty and short duration convective thunderstorms. And secondly in the winter as longer duration events associated with passing low-pressure cold fronts with more evenly distributed precipitation.  Snow does occur in the higher elevations but typically any accumulated snow melts off within a few days.
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4.0 Model Code Selection

As mentioned above, Queen Creek begins as a high gradient intermittent stream.  Thin soils and mountainous terrain cause Queen Creek to respond rapidly to precipitation events, and the stream has been observed to be quite hydrologically “flashy”.  There are several reaches and tributaries which exhibit extended periods of flow, primarily in the mountains after normal and above normal winter precipitation seasons.  
The pollutant sources to Queen Creek are not completely understood at this time, but are believed to be largely non-point in nature.  Significant pollutant sources identified to date include; mining disturbances and material piles, historic smelter operations, highway stormwater runoff, and natural bedrock mineralization.  
The computer codes available to model a hydrologically flashy, non-point source watershed are rather limited, and while in general, it is considered good modeling practice to select the simplest model available to answer a question, the Queen creek TMDL requires a fairly robust dynamic model to reasonably simulate the observed watershed processes.  While there are several model codes that could potentially be used for this analysis, the HSPF (Hydrologic Simulation Program Fortran) has been used successfully by ADEQ, USEPA and many other agencies for modeling such dynamic systems.  Thus HSPF version 12 has been selected for modeling of the Queen Creek watershed. 
5.0 Hardware / Software Configuration

The model and support programs were run on a Dell Precision 690 computer with dual 2.99 GHz Xeon processors and 3 GB RAM.  The operating system is Windows XP service pack 2.  The following software was used in the construction and execution of the model and input/output files:
BASINS 
v 3.1 w/update 8

ArcView 
v 3.2 w/spatial analyst

WinHSPF 
v 2.3 build 30

HSPF

v 12

GenSen  
v 2.3 build 10
WDMUtil 
v 2.27

HSPF Toolkit v 1.0.3202.25498

WinXSPRO
v 3.0

Excel 

2003

ArcGIS 
v 9.2

6.0 Model Input Data

HSPF is a data intensive dynamic watershed model requiring detailed time-series input of weather, streamflow and pollutant data as well as a significant model parameterization process in order to calibrate.  The primary data needed to construct and execute the model are summarized in Table 1 below.   Once calibrated, HSPF is capable of predicting conditions under various user designated scenarios.

Table 1- Summary of Required Data and Data Sources
	Data Required
	Sources

	Topography
	USGS - 7.5’ Quadrangle

USGS - 30m DEM (Digital Elevation Model)

	Waterbodies
	USGS - NHD (National Hydrography Dataset)

	Soils
	USEPA BASINS – SATSGO

	Vegetation
	USEPA BASINS 

	Landuse
	USEPA BASINS 

	Surficial Geology
	Arizona Geologic Survey (1998) Geology of the Mesa 30' X 60' quadrangle at 1:100,000 scale, Digital GIS Covers (Cat. DI-11)

	Metrologic (15-minute Time Series) (Air Temp, Relative Humidty, Wind Speed, and Solar Radiation)
	ADEQ – Pinto/Mineral Creek Weather Station

	Precipitation (15-minute Time Series)
	ADEQ – Two Electronic Recording Rain Gages (Omya Mine/Pump Spring and at Boyce Thompson Arboretum).  (some data gaps were filled from other private or public sources)

	Stream Discharge (15-minute Time Series)
	ADEQ – Eight Electronic Stream Stage Recorders On Queen Creek and Tributaries

	In-stream Pollutant Concentration
	ADEQ – Automatically and Manually Collected Water Samples from Queen Creek Mainstem and Tributaries

	Point Source (NPDES) Discharge and Pollutant Concentrations (15-minute Time Series)
	ADEQ - Facility Discharge Monitoring Reports (DMR) data for: Resolution Copper Co (previously BHP and Magma) and Town of Superior WWTP 

	Non-Point Source Pollutant Concentrations (from other sources e.g., geology, abandon/inactive mines, etc.)
	ADEQ – Manually Collected Grab Samples of Surface Water from Select Sub-watersheds

	Precipitation Frequencies
	NOAA Atlas 14

	Channel Geometry 
	USEPA BASINS – Program Generated

ADEQ – Field Surveys and Estimates from USGS Topos 


6.1 Summary of Field Data Collection

ADEQ’s sampling and analysis plan for the Queen Creek TMDL project was specifically designed with the intent of eventual modeling with a dynamic watershed model such as HSPF.  ADEQ installed automated instrumentation to generate sufficient data for populating model input.  ADEQ has also collected numerous grab samples across the watershed to characterize water quality from various sources, landuse types and bedrock lithologies.

6.2 Weather Data

Detailed high quality weather data is essential input for the HSPF model.  ADEQ has an existing weather station which collects air temperature, relative humidity, wind speed, solar radiation and precipitation.  This weather station is located approximately 5 miles easterly of the Queen Creek watershed, and was deemed sufficiently close in proximity to use for the potential evapo-transpiration calculations.
Rainfall data was collected by datalogging rain gages deployed at two locations within the watershed; one located near the headwaters of Queen Creek adjacent to the Omya Mine, and another located west of Superior at the Boyce Thompson Arboretum (Figure 2).  Precipitation data was then aggregated into 15-minute intervals, and then applied to the model as follows.  In general, mountainous sub-basins easterly and northerly of the Town of Superior received precipitation data from the Omya Mine/Pump Spring gage, with the remainder of the watershed receiving precipitation data from the Boyce Thompson gage.  
6.3 Stream Flow Data

A serious data gap for beginning the project is the fact that there are no USGS maintained stream gaging stations within the project watershed.  A USGS gage is located on Queen Creek below the Whitlow flood control dam.  The gage measures discharge from the dam, but this data is of little use for this project.  Therefore, ADEQ installed eight electronic stage recorders, four on Queen Creek and four on selected tributaries (Figure 2).  The stage was recorded at 15-minute intervals.  Stage-discharge rating tables were developed for each station, based on manual flow gaging data, surveyed cross-sections, and use of the WinXSPro stream hydraulics program.  The rating tables were then referenced to convert the recorded stage data to a continuous record of stream discharge.  Because of the limitations of site access during storms, stream/facility geometry, limited number of manual gaugings, equipment failures and streambed scour/deposition, the ADEQ gage data is not as highly refined as flow data normally associated with USGS gaging stations.  However, ADEQ Staff were diligent and successful in collecting manual data over a range of flow conditions and therefore the data should be of sufficient quality for the project’s goals.

6.4 Water Quality Data 

Water quality samples were collected by automatic samplers deployed at the stream stage recorder locations (Figure 2).  These automated samplers collected samples through several storm events.  These data are supplemented with manually collected samples through the data collection period.  The data collected at these locations were directly used in the model calibration process.

While field data collection began in earnest in the fall of 2006 the ’06-‘07 winter was extremely dry.  The summer of 2007 was nearer to normal but the droughty soils resulted in few runoff events.  The winter of 2007-08 produced several excellent precipitation events, with a total of 22.20 inches recorded from late November 2007 to late February 2008 at the headwaters (Omya) rain gage.  

With the cooperative weather during the winter of 2007-08, abundant samples were taken.  Water quality data was also collected at numerous other sites across the watershed, and this data was used to assign pollutant concentrations for sub-watersheds and other individual sources.
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7.0 Model Setup

7.1 Model Segmentation

Segmenting of the model into sub-watersheds was performed to the extent necessary to differentiate loadings from various tributaries and pollutant sources.  Initially, the BASINS automatic delineation tool was used. The sub-basin delineation tool processes the GIS DEM cover of the entire project basin into smaller sub-basins (Figure 3
).  A setting of 250 hector acres / sub-watershed (approximately 1 mi²)  yielded good results for representing all of the major tributaries in sufficient detail.  The stream reach network (RCHRES’s) was initially segmented based on the corresponding sub-basin segments.  
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7.2 Landuse Data
PERLND’s (Pervious Land Segments) and IMPLND’s (Impervious Land Segments) are also created during the segmentation process.  PERLND’s are sub-areas within each sub-basin and are derived from the geology and landuse GIS cover (Figure 4).  HSPF models non-point pollutant loading by individual PERLND’s and IMPLND’s.  For the Queen Creek model, landuse and therefore non-point pollutant contribution, is based primarily on the geologic units exposed at the surface, as well as anthropogenic uses.  
Geologic information was acquired from the Arizona Geologic Survey (GIS data of geology of the Mesa 30’x60’ quadrangle (1998)).  The geologic information in this data set for the Queen Creek study area included over 350 polygon areas and 38 rock type units.  This information was then aggregated into 166 polygon areas and seven rock types (Figure 4).  The geologic map was then manually edited by visual reference to features observed on aerial photographs.  Landuse edits included overlaying several types of human altered lands including: urban/industrial areas, mines/mills, and other disturbed lands.  The basic statistics on the landuses in the watershed are shown in Table 2 below:
Table 2- Modeled Landuses
	Segment Type
	Land Type
	Description
	# of Areas
	Area (acres)
	% of Watershed

	PERLND (1)
	Pinal Schist 
	schist, phyllite, amphibolite, calc-silicate, and gneiss
	51
	13520
	21.9

	PERLND (2)
	Apache Group
	quartzite, diabase, Paleozoic’s and Naco Formation
	43
	13148
	21.3

	PERLND (3)
	Granite / Crystalline
	granite, diorite, granodiorite, porphyrys
	26
	5178
	8.4

	PERLND (4)
	Volcanics
	basalt, lavas, intrusions and other volcanics
	43
	7073
	11.5

	PERLND (5)
	Alluvium
	surfical, river, fan and terrace deposits, talus
	56
	4558
	7.4

	PERLND (6)
	Mining / Milling (metals)
	known mines with copper and/or lead ores
	18
	772
	1.3

	PERLND (7)
	Sedimentary
	sandstone, siltstones, conglomerates
	39
	6982
	11.3

	PERLND (8)
	Tuff
	Apache Leap and Pickitpost tuffs
	46
	9467
	15.4

	PERLND (9)
	Urban / Industrial
	Town of Superior plus other developed areas
	12
	415
	0.7

	IMPLND (1)
	Impervious Urban / Industrial
	Town of Superior plus other developed areas
	12
	506
	0.8

	TOTALS
	
	
	346
	61622
	100.0


On the basis of the GIS analysis of landuses, 2.8% (approximatly 1700 acres) of the watershed is substantially disturbed by human activity (Table 2).  It is acknowledged, that lands considered as ‘undisturbed’ here may have some limited anthropogenic disturbances such as roads and railways, utility infrastructure, and activities such as livestock grazing, timber harvesting, and recreation.

Impervious Land Segments (IMPLND’s) are created based on a percentage of a specific land segment type (i.e., urban/industrial).  Examples of impervious areas are roads, parking lots and roofs of buildings. In this model impervious areas were created based on 55% of the urban/industrial land areas.  This resulted in 12 IMPLND segments totaling 506 acres or 0.8% of the watershed. 

After the automated process was complete, the model was manually adjusted to account for point source inputs, hydraulic alterations or diversions, water quality/flow data points and other desired model output locations.  These factors dictated the final segmentation and routing of the model (Figure 5).
The current model (run #27) consists of 334 individual PERLND’s, 12 IMPLND’s, and 95 stream (RCHRES) segments.  
Reach 95 is an artificial “black hole” reach at the end of the model, and receives all runoff from several “non-discharging” sub-basins, primarily from 575 acres in and around the Resolution Copper Co. west plant site in Superior.  RCC contains all stormwater generated on-site up to and including the 100-year, 24-hour event.  Reach 95 also receives all waters modeled to infiltrate the streambeds of the ephemeral segments in alluvial soils.  A schematic diagram is shown in Figure 6.  It is more readable by opening the .uci file (attached disc) with the WinHSPF program.
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Figure 6-Schematic Diagram of the Queen Creek Model

 
[image: image7]
7.3 Model Modules

The HSPF model requires several standard and optional modules in order to adequately simulate the hydrology and pollutant fate and transport of the watershed.  As was implemented with other similar HSPF models (e.g., Pinto Creek and Mule Gulch), the Queen Creek model will presume that the pollutants can be modeled as detached sediment particles, originating from the land surface during precipitation events or contributed directly by point sources.  The following HSPF modules were invoked for the model runs; PERLND, IMPLND, RHCRES, HYDER, ADCALC, ATEMP, SNOW, PWATER, IWATER, SOLIDS, SEDMNT, SEDTRN, PQUAL, IQUAL, and GQUAL.

7.4 Time Step and Timeframe for Model

Given the flashy nature of Queen Creek and availability of high frequency stream stage and weather logger data, the time-step for this model is 15 minutes.  The timeframe of the model is from the fall 2006 (when most of the stage loggers were initially deployed) to February 29, 2008.  A synthetic storm period (described in the sections below) is appended to another scenario version of the observed data in the .wdm input file, and will extend the run from February 29, 2008 to August 30, 2008.  

8.0 Model Calibration and Validation
The model calibration period is from 11/29/07 to 12/15/07 and the validation period runs from 12/15/07 to 2/29/08.

8.1 Hydrologic Calibration

Hydrologic calibration is the process of adjusting the input parameter variables within acceptable ranges until the modeled stream flows reflect the observed flows and precipitation in terms of peak timing and amplitude, recession rate and total volume.
Early model runs consistently over estimated discharge rate and volume.  After moving the variables to the maximum recommended values, the model continued to over estimate flow and volume.  Conceptually, Queen Creek transitions from a steep gradient bedrock streambed, to an alluvial bedded, low gradient stream from Superior and below.  While HSPF has elaborate algorithms for parsing precipitation striking the ground to many routes (e.g., evaporation, transpiration, shallow soils and interflow, deep soils and groundwater), HSPF does not provide a built-in algorithm for parsing streamflow in an ephemeral reach to deep infiltration and ultimately to deep groundwater.   Therefore, the only way to simulate this loss is to provide a 2nd exit in the models’ F-TABLES.  

F-TABLES are tables of stream geometry with depth/discharge relationships. These are uniquely developed for each stream reach in the model (see the user control input file in Appendix B).  Initially BASINS calculates the F-FABLES automatically.  The modeler then manually adjusts some of the segment tables, for instance, at gage locations with known geometry and flow ratings.  

In the case of the Queen Creek model, the low gradient alluvial based stream segments were identified from stream characteristics tables and surfical geology mapping.  Estimates of infiltration were calculated based on the wetted area of the stream reach at a particular stage multiplied by a saturated hydraulic conductivity rate.  Based on these estimates the infiltration rate was varied within a range of 6” to 18” per hour.  After implementing these changes very good agreement between the model flow and observed flows was achieved.  Below are examples from model run #27, of a bedrock calibration point on Queen Creek at US HWY 60, and a low gradient alluvial station on Arnet Creek.  Graphs of all calibration/validation stations are located in Appendix A. 
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8.2 Pollutant Calibration (Copper)
The current dissolved copper concentrations and the HSPF Potency Factor (POTFW) used in model run #27 are presented in Table 3 below.  A complete listing of HSPF Potency Factors are listed in the UCI file in Appendix B.  In general, the highest natural background concentrations of copper are from the Apache Tuff (dacite) in watersheds 18, 22, 23, and 24 at 40 ug/L.  

Table 3- Modeled Runoff Concentrations for Run #27
	Landuse Code
	Geology/Landuse
	Comment
	Estimated Dissolved Copper Conc. (ug/L)
	HSPF Potency Factor (POTFW)

	1
	Pinal Schist
	
	12
	1236

	2.1
	Apache Group
	Without Mines in sub-watershed
	9
	927

	2.2
	Apache Group
	With Mines in sub-watershed
	8
	824

	3
	Granite
	
	12.1
	1246.3

	4
	Volcanic
	
	8.5
	875.5

	5
	Alluvium
	Assume very low for now
	5.1
	525.3

	6
	Mining
	Assuming Hi Conc, Except Omya
	500
	51500

	7
	Sedimentary
	Assume very low for now
	5.2
	535.6

	8.1
	Tuff
	Picketpost Area
	8.6
	885.8

	8.2
	Tuff
	N of HWY 60
	15.3
	1575.9

	8.3
	Tuff
	Oak Flat and S of HWY 60 (+ 91 N of 60)
	40
	4120

	9
	Urban & Ind
	Assume very low for now.  May individually adjust based on smelter fallout data
	5.3
	545.9

	IMPLND 1
	Urban & Ind
	From Caltran Data Stats
	32
	3296

	
	
	
	
	

	OTHER LAND SEGMENTS
	
	
	

	PERLND
	
	
	
	

	226
	RCC East Plant
	Oak Flat Drainage
	206
	21218

	916
	RCC East Plant
	Queen Ck Drainage
	40
	4120

	946
	OMYA Mine
	
	9
	927

	886
	RCC Upper Apex
	Diverted to Silver King Wash
	8
	824

	146
	Silver King Mine
	
	12.1
	1246.3

	556
	Reymert Mine
	
	12
	1236

	
	
	
	
	

	23
	Tuff
	To Adjust SB 23 for "74 ug/L Site"
	47.5
	4892.5

	96
	Pinal
	
	12
	1236

	116
	Granite
	
	12.1
	1246.3

	126
	Granite
	
	12.1
	1246.3

	146
	Granite
	
	12.1
	1246.3

	166
	Apache
	
	8
	824

	366
	Mines
	Divert to RCH 95
	500
	51500

	386
	Alluvium
	
	5.1
	525.3

	506
	Mines
	
	500
	51500

	536
	Apache
	
	8
	824

	636
	Pinal
	
	12
	1236

	896
	Mines
	Divert to RCH 95
	500
	51500

	906
	Mines
	Divert to RCH 95
	500
	51500

	926
	Mines
	Divert to RCH 95
	500
	51500


Below are examples from model run #27, of a bedrock calibration point on Queen Creek at US HWY 60, and a station on the Oak Flat tributary.  Graphs of all calibration/validation stations are located in Appendix A.  Note that the some of the ‘spikes’ on the copper concentration graphs are an artifact of the stream drying up in HSPF, and data from these periods should be disregarded.
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Modeled Pollutant Constituents
The parameters that will require a TMDL analysis have not been finalized as of this writing, however, it is known that dissolved copper and total lead are to be analyzed.  At this point model run #27 is calibrated for dissolved copper only.  Total lead will be modeled after the sources and distribution of lead across the watershed are better understood.  ADEQ continues to collect additional water quality and whole rock samples to address gaps in the lead data set.
9.0 Source Identification 

9.1 Point Sources

The Superior Waste Water Treatment Plant (SWWTP) (AZ0021199) is the one of two known point-sources in the watershed.  The Superior WWTP is a NPDES source which will be a represented as a continuous point source in the model.  Flow, load and pollutant concentration data for the model was derived from the permit dated 11/5/2007 and the facility files at ADEQ.  Model run #27 uses data from the facility’s Discharge Monitoring Reports (DMR’s), while the future scenario models will assume that the SWWTP is discharging at the maximum daily flow and maximum monthly concentration
.  Further, as the permit provides a single day maximum concentration, this will assumed to occur on the same day as the onset of the synthetic storm events.  Since hardness is not regulated in this permit, it is assumed that the mean of the observed data is reasonably applicable to the scenario model. 

The Resolution Copper Company – West Plant Facilities, adjacent to the Town of Superior, have also been issued an AZPDES permit.   A draft renewal permit dated 3/19/2008 (AZ0020389) was reviewed for this project.   According to the file and ADEQ Permits Staff, the facility is reportedly designed to contain all stormflow up to and including the 100-year, 24-hour event.  Thus, the RCC discharge point 001 is non-discharging in the range of storm magnitudes being modeled
.   
RCC has proposed, and then withdrawn, an AZPDES permit application to discharge treated mine dewatering water to Queen Creek adjacent to their existing 001 outfall.  At this point there is no information that a future request to discharge this water is pending.  Currently, water is transported approximately 30 miles westerly of Superior via pipeline to an irrigation district.  The water transfer currently occurs during the growing season only, reportedly forcing RCC to halt mine dewatering during the winter months.  
9.2 Non-Point Sources

Unlike other similar TMDL projects, specific major loading sources in the Queen Creek watershed have yet to be conclusively identified at this point.  Therefore, concurrently with the construction efforts of this model to date, ADEQ continues to collect additional field and water quality data. To date ADEQ has identified the following sources of copper and lead; semi-active mines, historic smelter fallout, highway stormwater runoff, and natural background in bedrock and soils.  Numerous abandon mines exist in the watershed and are presumed to be a source to some degree.

9.3 Abandoned/Inactive/and Semi-active Mines

It is apparent that the watershed has long history of mining, with numerous abandoned/inactive mines and mineral prospects (Figure 7).  ADEQ has collected water quality samples around three semi-active metals mines; Resolution Copper Co., Silver King Mine, and the Reymert Mine.  Only a few other mine sites have been directly inspected by ADEQ staff, and just a few samples have been collected in the vicinity of many of these small disturbances.  The degree to which these disturbances have affected water quality is generally unknown, and may not be able to be discerned from natural geologic sources with the current set of data.  

Some fourteen individual small inactive/abandoned mines were identified in the mines GIS cover, and then confirmed by inspecting the aerial photography for evidence of site disturbance.  Those sites identified as having copper, lead, or other metals in the database and exhibiting some disturbance, were provided a land segment (PERLND) footprint in the model. The footprint size, shape and location are based on the actual land disturbance as can be observed from the aerial images.  Therefore, the model has been constructed sufficiently flexible to assign measured or assumed loads for purposes of base model calibration, and future remedial scenario development.  
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9.4 Geologic Sources

It is apparent in the water quality data that geology is a contributing factor in the copper levels across the watershed.  The area of most concern at this point is the Apache Tuff (dacite) which is a large and prominent unit from below the Omya Mine (near the head waters) to Oak flat, Apache Leap and along US 60 to the highway tunnel.  In this area, the hardness of the water is quite low, resulting in very low (single digit ppb) copper criteria for A&Ww designated uses.  The variances observed in hardness are reasonably attributable to the local geology.  Calcium carbonate rich limestone and shale predominate the watershed above the Queen Creek at the Omya mine site, while dacite (plagioclase, quartz, biotite, hornblende) dominate the Oak Flat sub-watershed.  

Variances in copper levels are also reasonably attributable to geology.  The Queen Creek at the Omya mine site is approximately 8 ppb dissolved copper while the Oaks Flat site is approximately 46.7 ppb. The dacite in the Oak Flat area is likely the same lithologic unit as has been observed in the Pinto Creek watershed, located several miles easterly of the Queen Creek watershed.  The Pinto Creek study has conclusively shown a correlation between dacite bedrock and elevated background concentrations of dissolved copper in the surface waters.  

10.0 Future Predictive Model Simulations
10.1 Model Scenario Development

One of the primary purposes of building a model such as this, is to predict water quality at flow conditions other that what has been observed.  Therefore, synthetic storm data sets were created based on precipitation projections for the 2-year 1-hour event, and 2, 10, 25 and 100 year 24-hour events.

10.2 Storm Events

In order to derive TMDL loads at various storm intensities, a series of synthetic storms will be imposed over the Queen Creek watershed model.  Data on precipitation depths for the storms was obtained from the National Oceanic and Atmospheric Administration (NOAA) Precipitation-Frequency Atlas of the United States, NOAA Atlas 14, Volume 1, Version 4.  Precipitation data was extracted for both ADEQ rain gages located at the Boyce Thompson Arboretum and the Omya Mine/Pump Spring gage.  As with the calibration model, precipitation data was distributed to the sub-watersheds based on proximity to the rain gage and elevation.  In general mountainous locations easterly and northerly of the Town of Superior received precipitation data from the Omya Mine/Pump Spring gage, with the remainder of the watershed receiving precipitation data from the Boyce Thompson gage.  

In all, five storms will be modeled ranging from the 2-year, 1-hour event to the 100-year, 24-hour event.  The 2-year, 1-hour event precipitation total was distributed using the SCS Type II curve.  The four other 24-hour events were distributed by the SCS Type IA curve, which is judged to be more representative of the larger winter storms observed in Arizona.  

The “Storms” scenario modeling period begins on February 1, 2008 and runs through August 30, 2008.  The month of February is the model initializing and stabilization period, and is populated with actual weather from the period.  Beginning on March 1 the synthetic storms begin on the 1st of each month, the remainder of each month is dry.  The weather parameters, potential evapotranspiration, and air temperature, are taken from similar time periods from the 2007 data set.  For the days in which the storms occur, weather data (parameters other than precipitation) was derived from a similar historic rainy day and was inserted into the storm day data set.   Below in Table 4 is the information on the storm magnitude, and type.

Table 4- Synthetic Storm Criteria

	Storm Event Return Interval
	Modeled Date of Storm Onset
	SCS Storm Precipitation Distribution Type
	Storm Precipitation Depth at Omya Rain Gage (inches)
	Storm Precipitation Depth at Boyce Rain Gage (inches)

	100-yr, 24-hr
	3/1/08
	IA
	6.20
	4.64

	25-yr, 24-hr
	4/1/08
	IA
	4.89
	3.67

	10-yr, 24-hr
	5/1/08
	IA
	4.08
	3.06

	2-yr, 24-hr
	6/1/08
	IA
	2.78
	2.08

	2-yr, 1-hr
	7/1/08
	II
	1.18
	0.99


Additional scenarios will be developed as needed for the TMDL analysis as well as any scenarios needed for remediation or implementation plan purposes. 
11.0 Additional Tasks to Complete the Model

ADEQ has visited a number of remote abandoned mines, deployed automatic and stormwater collection samplers, planned additional grab sample sites, collected hardrock samples for laboratory analysis.  Additionally ADEQ has planned additional sampling to ascertain the impact of historic aerial deposition from the Superior smelter.  Long range weather forecasts give ADEQ reason to be optimistic that the required data could be collected by spring 2010.  ADEQ intends on integrating the new information and refining the model further before using it to calculate the TMDL loads and allocations.  

Below outlines the steps identified to date to finish the TMDL modeling of Queen Creek:

1. Collect bedrock samples of Apache Leap Tuff, to assess the potential for aerial deposition of copper and lead. (in process)

2. Collect bedrock samples of schist in and near the Reymert Mine, to assess the potential for high lead levels. (in process)

3. Collect additional water quality samples from sub-watersheds with uncharacterized sources, and other background areas. (in process)

4. Using the data above, refine source contributions into the model, and re-check the model calibration/validation.

5. Run the copper model and storm scenarios

6. Input lead data, calibrate/validate 

7. Run the lead model and storm scenarios

8. Create any needed scenarios and calculate TMDL loads, load reductions, and margin of safety.

12.0 Summary of Model Status
In summary, ADEQ has collected most of the data necessary to construct a dynamic watershed model of the impaired reach of Queen Creek.  ADEQ has built a detailed model of queen Creek using the widely accepted HSPF model. The model at this point exhibits a very good hydraulic and pollutant calibration for copper.  A synthetic storms scenario data set has been constructed, and will be implemented upon finalization of the existing conditions model.  As the final set of field data becomes available, the calibration will be revisited and the model will be adjusted as necessary.  The changes are generally expected to be minor, and allow fine tuning of the spatial distribution of pollutant loading to the model.  A calibrated model for total lead will be constructed concurrently with the finalization of the dissolved copper model.  ADEQ anticipates collection of the outstanding field data by spring 2010, and a final TMDL model later this year.    

Appendix A- HSPF Run #27 Output Calibration/Validation Graphs
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Appendix B- HSPF UCI Input File Run #27
�There are no subbasins delineated in figure 3


�Yes we will have to assign the WLA based on the maximum design capacity and permit limits fro Cu and Pb


�Will receive a WLA=0
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