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EXECUTIVE SUMMARY 
 

 
In April 2010, Tetra Tech implemented a comprehensive watershed monitoring program in 
Colorado’s Purgatoire Watershed.  The study area is west of the Town of Trinidad in Las Animas 
County, Colorado and includes 640 square miles of land located between Interstate 25 and the Sangre 
de Cristo mountain range (Figure ES-1).   
 
FIGURE ES-1.  Purgatoire Watershed Monitoring Program Study Area 

The monitoring program was 
established to collect and evaluate 
surface water data in areas of the 
watershed influenced by coal bed 
methane operations. The watershed 
monitoring program includes 
continuous flow and water quality 
monitoring at nine stations, 
monthly surface water sample 
collection at 27 sites, installation of 
gage stations incorporating 
electronic flow and water quality 
(i.e., pH, temperature, electrical 
conductivity, and chloride) 
monitoring equipment, surface 
water data validation (Figure ES-2), 
operation and maintenance of 
hardware, website reporting, and an 

annual data summary/evaluation report.  Tetra Tech designed the monitoring network, acquired 
access agreements for all gaging stations, and provided construction management and oversight of 
station installation.  A sampling and analysis plan supports water quality data collection activities, 
QA/QC, and laboratory methodology. Monthly operation and maintenance of continuous monitoring 
stations, including calibration of equipment and rating curve development, is also conducted.  A 
unique feature of the monitoring program is communication of near real-time streamflow and water 
quality data using Iridium satellite telemetry in a user friendly format accessed at 
www.purgatoirewatershed.org.  The website supports communication of information and promoting 
data transparently to entities interested in the water data and information.  

http://www.purgatoirewatershed.org/�
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The primary objectives of this report are to finalize provisional data collected as part of the 
continuous watershed monitoring program, and to summarize and evaluate data collected as part of 
the Purgatoire River watershed 
monitoring program during 2010.  

Additional objectives of this report 
include: 

1. Evaluate changes in water 
quality in the Purgatoire. 

2. Evaluate CBM discharge 
influences on surface water 
flow and water quality in 
Segment 5a. 

3. Compare surface water 
analyte concentrations to 
water quality standards and 
use classifications adopted 
by the Colorado Water 
Quality Control Commission 
(WQCC).   

4. Evaluate trends in the concentrations and loading of analytes throughout the Basin.     

5. Evaluate how seasonal changes in hydrologic conditions influence analyte concentrations 
throughout the Basin. 

 
Key findings from the initial monitoring season are summarized below:   
 

• 2010 monitoring data demonstrate that the agriculture use was protected on the 
Purgatoire River.  EC and SAR continue to be met more than 15-years after the large 
scale development of CBM in the basin.   

• Water quality data collected in 2010 show water quality standards are met and beneficial 
uses are protected in the Purgatoire River, with the single exception of seasonal 
exceedances during spring runoff and storm events when total recoverable iron  
(protective of aquatic life) and limited dissolved iron  (protective of domestic water 
supply) exceedances can occur.   

• All other metals and temperature information provide chemical and physical data that 
support and protect aquatic life uses.   

• Chloride and sulfate concentrations were met and protect drinking water uses. Based on a 
loading analysis of assimalitive capacity in the Purgatoire, approximately 230,000 lbs/day 
and 30,000 lbs/day of chloride under low and high flow conditions, respectively, can be 
added to the Purgatoire River before exceeding the secondary drinkingg water standard. 

• In the Purgatoire River watershed, the total recoverable iron concentration is strongly 
correlated to the total suspended solids conveyed by the river.   The dominant source of 
TSS are not CBM discharges, but upstream headwater regions and wildfire burn areas. 

 

Figure ES-2.  Monthly Surface Water Monitoring Supports 
Data Validation 
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1.0 INTRODUCTION 
 
Tetra Tech initiated the design and implementation of a comprehensive monitoring program (the 
“Program”) in the Purgatoire River watershed in January 2010.  The Program included the creation 
of a website that transparently communicates data and information to the watershed community; the 
website address is http://www.purgatoirewatershed.org (Figure 1-1).   This report provides the 2010 
data analysis and update on the monitoring program implemented in the Purgatoire River watershed. 
 
Figure 1-1.  Purgatoire Watershed website 

 
 
Monitoring in the watershed commenced in April 2010, and consists of: 
 

• Continuous Surface Water Monitoring - Nine continuous monitoring stations are 
located along the Purgatoire River and select tributaries.  These stations collect data 
automatically at 15 minute intervals for river stage (converted into a flow reading), pH, 
chloride, temperature and electrical conductivity (EC).  The data are transmitted via 
satellite near real time and are immediately available to the watershed community, as 
provisional data, on the Program website. 

 
• Monthly Surface Water Monitoring - Monthly samples are collected manually at 27 

sites located along the Purgatoire River and select tributaries; nine which coincide with 
the locations of the continuous monitoring stations.  These monthly measurements 

http://www.purgatoirewatershed.org/�
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provide a “snapshot” of information on a broad array of water chemistry for metals, 
inorganic compounds, physical parameters and streamflow measurements. 

 
In this report, our first monitoring season, more emphasis is placed on the data collected monthly as 
it was premature to develop statistically meaningful correlations between the laboratory 
measurements and the general water data collected by the continuous monitoring equipment.  
Therefore, much of this first annual report is focused on the monthly data collected in 2010, as 
opposed to the continuous surface water monitoring.  However, as the size of the datasets increase 
and the strength of the relationships between the laboratory and field data improves (e.g., SAR as a 
function of EC), the emphasis of future reports will shift from the manual data to the continuous data. 
 
1.1 Background 
 
The study area of the Purgatoire River Basin (the “Basin”) is west of the Town of Trinidad in Las 
Animas County, Colorado (Figure 1-2). The Basin covers approximately 670 square miles located 
between Interstate 25 and the Sangre de Cristo mountain range and encompasses all or portions of 
Lower Arkansas River stream segment numbers COARLA04, COARLA05a, COARLA05b, and 
COARLA06.  The Program includes monitoring stations in three of these segments (Figure 1-3); 
monitoring in Trinidad Lake (segment COARLA05b) is not performed under the Program, however 
there is a downstream sample location (PR-2.8), that provides water quality information on water 
released from Segment COARLA05b to Segment COARLA05a, just downstream of the outlet works 
of the reservoir. 
 
The Basin occupies a portion of the larger Raton Basin, a geologic structural basin with a long 
history of energy development.  Coal mining began throughout much of the Basin during the mid-
19th century and continues today at the New Elk Mine, where high quality coking coal is produced 
and two outfalls are permitted to discharge produced water into the Middle Fork of the Purgatoire 
and Apache Canyon Creek.  Although energy production in the basin began with coal mining, natural 
gas extracted from the coal beds was recognized in the 1990’s as an important energy resource in the 
Raton Basin. Currently, coalbed methane (CBM) operators in the Basin operate approximately 3,000 
wells that extract natural gas from coal seams in the Vermejo and Raton Formations.  
 
A by-product of CBM extraction is produced water.  Some of the CBM produced water is re-injected 
into deep geologic formations in accordance with Underground Injection Control (UIC) permits 
issued by the Colorado Oil and Gas Conservation Commission (COGCC).  However, the majority of 
the produced water is discharged to tributaries of the Purgatoire River in accordance with Colorado 
Discharge Permit System (CDPS) permits issued by the Colorado Department of Public Health and 
Environment (CDPHE), Water Quality Control Division (WQCD).  Collectively, the CDPS permits 
allow the discharge of up to 10.45 million gallons per day (MGD), or approximately 11,700 acre-feet 
annually, of CBM produced water into the Basin.   
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FIGURE 1-2.  SITE LOCATION AND PURGATOIRE RIVER SEGMENTS 
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FIGURE 1-3.  SURFACE WATER MONITORING PLAN  
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1.2 Classified Water Uses in the Basin 

The Colorado Water Quality Control Commission (WQCC), in 5 CCR 1002-32, has classified water 
in the Mainstem, North and South Forks of the Purgatoire River (segment COARLA05a Figure 1-2) 
as having the following beneficial uses: 
 

• Aquatic Life (Cold Water 1) 
• Recreation (E) 
• Water Supply 
• Agriculture 

 
Lorencito Canyon, a tributary to the Mainstem Purgatoire, is included in the segment COARLA04 
(Figure 1-2) and has the following beneficial use classifications: 
 

• Aquatic Life (Warm Water 2) 
• Recreation (E) 
• Agriculture 

All other tributaries to the Mainstem Purgatoire downstream of Stonewall (PR-37.1 on Figure 1-3) 
along with tributaries to the South Fork downstream of Tercio (SFPR-12.7 on Figure 1-3) are 
included in the segment COARLA06 (Figure 1-2) and have the following beneficial use 
classifications: 

• Aquatic Life (Cold Water 2) 
• Recreation (E) 
• Agriculture 

 
All tributaries to the entire North Fork, the South Fork upstream of Tercio and the Mainstem 
upstream of Stonewall are included in segment COARLA05a (Figure 1-2). 
 
1.3 Report Objectives 
 
The primary objectives of this report are to finalize provisional data collected as part of the 
continuous watershed monitoring program, and to summarize and evaluate data collected as part of 
the Purgatoire River watershed monitoring program during 2010.  Additional objectives of this report 
include: 

1. Evaluate changes in water quality in the Purgatoire. 

2. Evaluate CBM discharge influences on surface water flow and water quality in Segment 
5a. 

3. Compare surface water analyte concentrations to water quality standards and use 
classifications adopted by the Colorado Water Quality Control Commission (WQCC).   

4. Evaluate trends in the concentrations and loading of analytes throughout the Basin.     

5. Evaluate how seasonal changes in hydrologic conditions influence analyte concentrations 
throughout the Basin. 
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1.4 Report Organization 
 
Section 2.0 describes the continuous and monthly data collection activities performed by Tetra Tech 
in the Purgatoire Watershed during 2010.  Purgatoire and tributary streamflow data are summarized 
and evaluated in Section 3.0.  A summary and analysis of water quality data is provided in Section 
4.0. Section 5.0 evaluates sources areas and loading.  Section 6.0 addresses next steps in 2011 for the 
Purgatoire Watershed Monitoring Program.  Report references are located in Section 7.0 followed by 
the report appendices which provide supporting data detail.   
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2.0 MONITORING NETWORK SUMMARY 
 
This section describes the surface water monitoring conducted by Tetra Tech in the Purgatoire River 
watershed during 2010.  The operation of the continuous surface water monitoring stations is 
discussed in Section 2.1.  The monthly surface water monitoring is discussed in Section 2.2.   
 
2.1 Continuous Surface Water Monitoring Stations 
 
Tetra Tech operates nine continuous monitoring 
stations (Figure 2-1) at select sampling 
locations within the Basin (Figure 1-3) to 
measure streamflow and water quality 
information.    Eight of the nine gauging 
stations are equipped with ACCUBAR Bubble 
Gauges; this equipment measures river stage, 
which is translated into streamflow based on 
rating curves that Tetra Tech has developed for 
each station from the manual flow 
measurements performed at these locations.  
These stations also monitor water quality (i.e., 
pH, electrical conductance, temperature, and 
chloride) using Hydrolab DS-5 water quality 
sondes (Figure 2-2).  

 

 
 
 
 
 
The stage and 
water quality 
data are 
collected at 
15-minute 
intervals 
(Figure 2-3) 
and then 
transmitted 
via Iridium 

satellite telemetry to Sutron Corporation, where the river 
stage information are converted to flows, and all data are 
subsequently uploaded to the Program website (Figure 
1-1).  Station information on the continuous monitoring 
stations is summarized in Table 2-1.   
  

Figure 2-1.   Monitoring Station 

Figure 2-3.  Iridium Satellite Telemetry 

Figure 2-2  Hydrolab DS-5 
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Table 2.1.  2010 Operational History of Continuous Surface Water Monitoring Stations 

Station ID3 Location Date Online 
PR-37.1 Purgatoire River at Stonewall, 37.1 miles 

west of I-25 April 14, 2010 

PR-24.8 Purgatoire River above Wet Canyon, 24.8 
miles west of I-25 April 14, 2010 

WET-0.3 Wet Canyon near Mouth, 0.3 miles upstream 
from the confluence April 14, 2010 

SFPR-0.2 South Fork Purgatoire River near Mouth, 0.2 
miles from the confluence April 14, 2010 

LOR-0.2 Lorencito Canyon near Mouth, 0.2 miles 
from the confluence April 14, 2010 

SAR-0.4 Sarcillo Canyon near Mouth, 0.4 miles from 
the confluence April 14, 2010 

PR-16.9 Purgatoire River below Sarcillo Canyon, 16.9 
miles west of I-25 April 14, 2010 

PR-8.81 Purgatoire River above Trinidad Lake, 8.8 
miles west of I-25 April 15, 2010 

REI-1.4 Reilly Canyon near Mouth, 1.4 miles 
upstream of confluence April 30, 20102 

 Notes:  
1) Streamflow monitored by U.S. Geological Survey (USGS) at Station 07124200 
2) Malfunctioning flow bubbler resulted in flow data loss prior to May 12, 2010.  
3) The monitoring station identification convention was established to denote the river or creek name in 

an abbreviated format (i.e., “PR” (Purgatoire River) followed by mileage from Interstate 25 (for 
Purgatoire River stations) or in the case of a tributary canyon (i.e, “WET” (Wet Canyon) mileage 
upstream from the confluence with the Purgatoire River.   

 
Continuous monitoring station locations are illustrated on Figure 1-3.  The 2010 average daily water 
quality and streamflow data for these stations are provided in Appendix A-1.   
 
In addition to the continuous monitoring stations operated by Tetra Tech, the U.S. Geological Survey 
(USGS) operates streamflow gauging stations on the Purgatoire River above Trinidad Lake (USGS 
ID 07124200) and below Trinidad Lake (USGS ID 07124410).  These stations correspond to Tetra 
Tech stations PR-8.8 and PR-2.8, respectively.  The USGS has operated these stations since the mid-
1970s, and current and historical data are available at http://waterdata.usgs.gov/usa/nwis/.  
Additionally, current and historical data on the elevation and storage volume of Trinidad Lake 
(USGS ID 07124400) are available on the USGS website.   

 
2.2 Monthly Surface Water Monitoring 
 
Tetra Tech’s monthly surface water sampling was performed in accordance with the 2010 Sampling 
and Analysis Plan (Tetra Tech, 2010).  The monthly watershed monitoring program includes 27 
locations, nine which coincide with the continuous surface water monitoring stations (Figure 1-3).  
Ten sample locations are on the mainstem, or Middle Fork, of the Purgatoire River and 17 locations 
are on tributaries to the Purgatoire River, including two each on the North and South Forks1

                                                   
1 In this report, the North and South Forks are considered tributaries of the Mainstem Purgatoire River. 

.  The 
monitoring program includes the monthly collection of surface water quality samples and manual 
flow measurements at each sampling location.  During 2010, monthly surface water monitoring was 
conducted from April through December; note that monitoring in Apache Canyon (APA-0.2) and 

http://waterdata.usgs.gov/usa/nwis/�
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Santistevan Canyon (SAN-0.1) was not initiated until September.  Sample locations and the basis for 
sampling each of these locations are summarized in Table 2-2.  The field and laboratory analytical 
parameters performed for each surface water sample are summarized in Table 2-3.   



Purgatoire River Watershed Monitoring Report 10 August 2011 
2010 Annual Report P:\29603\133-29603-10001\Deliverables\2010_Annual_Report\2010 Annual Report 8-18-11.docx 

 
  

Sample 
Identification Mainstem Location Tributary Location Reasoning for Sample Location

Influenced by 
CBM 

Discharge

Continuous 
Streamflow 
Monitoring 
Equipment1

Water Quality 
Monitoring 
Equipment2

Monthly 
Monitoring

PR-37.1 Middle Fork Purgatoire River at 
Stonewall

Provide upstream flow and water chemistry for the Middle Fork Purgatoire 
River.

No X X X

PR-33.0
Middle Fork Purgatoire River 
above North Fork Purgatoire 
River

Evaluate flow and water chemistry  influences (e.g., New Elk Mine, CBM 
production) on the Middle Fork Purgatoire River between Stonewall and the 
North Fork Purgatoire River.

Yes X

NFPR-5.3
North Fork Purgatoire 
River above Guajatoyah 
Creek

Provide upstream flow and water chemistry for the North Fork Purgatoire 
River.

No X

GUA-0.1
Guajatoyah Creek above 
North Fork Purgatoire 
River

Guajatoyah Canyon flow and water chemistry contributions to the North Fork 
Purgatoire River.

Yes X

NFPR-0.3 North Fork Purgatoire 
River at Hwy 12 Bridge

Evaluate flow and water chemistry influences to the mainstem Purgatoire 
River from the North Fork Purgatoire River.

Yes X

SAN-0.1
Santistevan Canyon near 
Mouth

Evaluate flow and water chemistry influences to the mainstem Purgatoire 
River from Santistevan Canyon.

Yes X3

APA-0.2 Apache Canyon near 
Mouth

Evaluate flow and water chemistry influences to the mainstem Purgatoire 
River from Apache Canyon.

Yes X3

PR-29.7 Middle Fork Purgatoire River 
below Apache Canyon

Evaluate flow and water chemistry in the Middle Fork Purgatoire River 
between the North Fork Purgatoire River and Wet Canyon.

Yes X

PR-24.8 Middle Fork Purgatoire River 
above Wet Canyon

Evaluate flow, water chemistry, and water quality in the mainstem 
Purgatoire River between the North Fork Purgatoire River and Wet Canyon.  

Yes X X X

WET-0.3 Wet Canyon near Mouth
Evaluate flow, water chemistry, and water quality influences to the Middle 
Fork Purgatoire River from Wet Canyon.  

Yes X X X

SFPR-12.7 South Fork Purgatoire 
River below Tercio, CO

Provide upstream flow and water chemistry for the South Fork Purgatoire 
River.

No X

SFPR-0.2 South Fork Purgatoire 
River near Mouth

Evaluate flow, water chemistry, and water quality influences on the 
mainstem Purgatoire River from the South Fork Purgatoire River.  

Yes X X X

PR-24.3
Mainstem Purgatoire River 
below South Fork Purgatoire 
River and Wet Canyon

Isolate "upper basin" from "lower basin" influences.  Evaluate flow and water 
chemistry for the mainstem Purgatoire River d/s of Wet Canyon and South 
Fork Purgatoire River influences.  Provide comparison to PR-24.8.

Yes X

MOL-0.1 Molino Canyon at Hwy 12 Evaluate flow and water chemistry influences on the mainstem Purgatoire 
River from Molino Canyon.

No X

PR-18.5
Purgatoire River at Lorencito 
Canyon Bridge

Evaluate flow and water chemistry on the mainstem Purgatoire River prior 
to Lorencito Canyon and Sarcillo Canyon influences.

Yes X

LOR-0.2
Lorencito Canyon near 
Mouth

Evaluate flow, water chemistry, and water quality influences to the 
mainstem Purgatoire River from Lorencito Canyon.  

Yes X X X

SAR-0.4
Sarcillo Canyon near 
Mouth

Evaluate flow, water chemistry, and water quality influences to the 
mainstem Purgatoire River from Sarcillo Canyon.  

Yes X X X

PR-16.9 Purgatoire River below Sarcillo 
Canyon

Evaluate flow, water chemistry, and water quality in the mainstem 
Purgatoire River d/s of Lorencito Canyon and Sarcillo Canyon influences. 

Yes X X X

SMI-0.2 Smith Canyon at Hwy 12
Evaluate flow and water chemistry influences to the mainstem Purgatoire 
River from Smith Canyon.

Yes X

VAL-0.4 Valdez Canyon at Hwy 12
Evaluate flow and water chemistry influences to the mainstem Purgatoire 
River from Valdez Canyon. 

Yes X

WWC-0.8 Widow Woman Canyon 
near Mouth

Evaluate flow and water chemistry influences to the mainstem Purgatoire 
River from Widow Woman Canyon.

No X

PR-11.3
Purgatoire River at Pioneer 
Entrance Bridge

Evaluate flow and water chemistry on the mainstem Purgatoire River 
upstream of Burro Canyon.

Yes X

BUR-0.4 Burro Canyon at Hwy 12 Evaluate flow and water chemistry  influences to the mainstem Purgatoire 
River from Burro Canyon. 

Yes X

PR-8.8 Purgatoire River at Long 
Canyon Bridge

Provide basin-wide flow, water chemistry, and water quality (excluding 
influences from Reilly and Long Canyon) to evaluate influences from CBM 
production on the Purgatoire River u/s Trinidad Lake.

Yes See Notes4 X X

REI-1.4 Reilly Canyon near Mouth
Evaluate flow, water chemistry, and water quality influences to the 
mainstem Purgatoire River/Trinidad Lake from Reilly Canyon.  

Yes X X X

LNG-2.1 Long Canyon near Mouth Evaluate flow and water chemistry influences to the mainstem Purgatoire 
River/Trinidad Lake from Long Canyon. No5 X

PR-2.8 Purgatoire River below Trinidad 
Lake

Provide flow and water chemistry data downstream of Trinidad Lake to 
evaluate basin-wide influences from CBM production.  Provide comparison 
to PR-8.8 to evaluate water chemistry changes through Trinidad Lake.

Yes See Notes6 X

Notes:

4 = Flow data provided from existing USGS gaging station at Long Canyon bridge (Station ID: Purgatoire River at Madrid, CO 07124200).
5 = Produced water from Pioneer Long Canyon CBM operations is re-injected.
6 = Flow data provided from existing USGS gaging station below Trinidad Lake (Station ID: Purgatoire River below Trinidad Lake, CO 07124410).

TABLE 2-2
SURFACE WATER MONITORING LOCATIONS

PURGATOIRE RIVER BASIN SITE-WIDE MONITORING PROGRAM

1 = Continuous Streamflow Monitoring Equipment, Monitors streamflow at set intervals (e.g., 15-minutes).
2 = Continuous Water Quality Monitoring Equipment, Hydrolab water quality (i.e., pH, temperature, specific conductance, chloride) equipment to record at 
set intervals (e.g., 15-minutes).
3 = Santistevan and Apache Canyon surface water monitoring began in September 2010.
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Table 2-3.  Analyte List and Methods for Monthly Surface Water Monitoring Sampling 

Analyte 
Group Constituent Method Number Sample Preservation and 

Treatment 
Holding 
Times 

Field 
Parameters 

pH EPA 150.1 
Measure In-Situ 

Immediately 
Specific Conductance EPA 120.1 28 days 
Temperature EPA 170.1 Immediately 

Metals 

BoronD,T EPA 200.7 ICP Acidify with HNO3; pH <2 6 months 
CalciumD EPA 200.7 ICP Acidify with HNO3; pH <2 6 months 
CopperD, PD, TR EPA 200.8 ICP-MS Acidify with HNO3; pH <2 6 months 
IronD, TR EPA 200.7 ICP Acidify with HNO3; pH <2 6 months 
LeadD, PD, TR EPA 200.8 ICP-MS Acidify with HNO3; pH <2 6 months 
MagnesiumD EPA 200.7 ICP Acidify with HNO3; pH <2 6 months 
PotassiumD EPA 200.7 ICP Acidify with HNO3; pH <2 6 months 
SeleniumD, PD, TR EPA 200.8 ICP-MS Acidify with HNO3; pH <2 6 months 
SodiumD EPA 200.7 ICP Acidify with HNO3; pH <2 6 months 
ZincD, PD, TR EPA 200.7 ICP Acidify with HNO3; pH <2 6 months 

Wet 
Chemistry 

Alkalinity SM2320B - Titration Chill to 4 degrees C 14 days 
Chloride SM4500Cl-E Chill to 4 degrees C 28 days 

Sulfate EPA 375.4 - 
Turbidimetric Chill to 4 degrees C 28 days 

Total Suspended 
Solids (TSS) SM2540D Chill to 4 degrees C 7 days 

Total Dissolved Solids 
(TDS) SM2540C Chill to 4 degrees C 7 days 

Notes: 
    D = Dissolved form. 

   PD = Potentially dissolved form. 
   TR = Total recoverable form. 
   T = Total form. 
   EPA = U.S. Environmental Protection Agency   

SM = Standard Methods (AWWA)   
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3.0 WATER QUANTITY 
 
This section presents an evaluation of the streamflow data collected in the Purgatoire River watershed 
during 2010 from the continuous flow monitoring stations and the monthly manual flow measurements.    
 
3.1 Continuous Streamflow Data 
 
Nine streamflow monitoring stations continuously collect streamflow data in the Purgatoire watershed 
upstream of Trinidad Reservoir and transmit these provisional data to the www.purgatoirewatershed.org 
website.  Four continuous monitoring stations are installed along the Purgatoire River, including three 
operated by Tetra Tech (PR-37.1, PR-24.8, and PR-16.9) and one operated by the USGS at Station PR-
8.8.  A continuous streamflow monitoring station is located near the mouth of the South Fork Purgatoire 
River (SFPR-0.2) and four more stations are located on select tributaries with CBM flow contributions 
[Wet Canyon (WET-0.3), Lorencito Canyon (LOR-0.2), Sarcillo Canyon (SAR-0.4) and Reilly Canyon 
(REI-1.4)].  With the exception of the USGS streamflow monitoring stations, all stations are equipped 
with continuous monitoring (15-minute intervals) equipment to measure river stage, in addition to water 
quality probes to measure pH, EC, water temperature, and chloride.  An example of the provisional 
streamflow data transmitted to the website from PR-16.9 (April 2010 – December 2010) is provided in 
Figure 3-1.   

Figure 3-1.  Example of 2010 Provisional Flow Data Available On-Line 

 

http://www.purgatoirewatershed.org/�
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3.1.1 Data Reduction 
 
Tetra Tech reduced, analyzed and finalized the provisional flow data collected continuously in 2010 
using the AQUARIUS Hydrometric Workstation software (Aquatic Informatics, 2011).  AQUARIUS is 
the same software that the Colorado Division of Water Resources (DWR) utilizes to reduce their 
provisional data prior to publication.  The AQUARIUS software facilitates the development of rating 
curves to convert river stage to streamflow measurements.  Rating curves allow the conversion of 
continuous stream stage data to stream discharge (e.g., river stage of 1.00 feet equals 112 cfs).  In 
developing the rating curves, the AQUARIUS software used between ten and twelve manual stage 
measurements versus discharge measurements recorded during 2010.  Using the manual flow 
measurements performed during each periodic calibration visit as input, the AQUARIUS software 
allows adjustments to the continuous data for instrument drift, sedimentation, ice, etc., to match the field 
streamflow measurements quantified monthly.  The software also adjusts the flow to accommodate the 
sedimentation, staff gage replacement1

 

, and/or channel control changes.   Finalized streamflow data are 
summarized in tabular format in Appendix A-1 and graphically included on the water quality graphics in 
Appendix A-6 to help illustrate relationships between streamflow and various water quality parameters.  

The quality of the continuous streamflow data is a function of equipment calibration, establishing a 
robust data set to support development of a refined rating curve, covering a range of flows, and 
implementing an operation and maintenance plan, as described below: 
 

• Removal of sediment and debris build-up. 
 
After large storm events or heavy runoff periods Tetra Tech personnel observed varying 
degrees of sediment and debris build-up around the flow bubbler lines.  Starting in August, 
local staff from Norwest Corporation checked each gage on a weekly basis to remove 
potential sediment build-up on and around the streamflow gauging equipment.  Tributary 
gages and the Purgatoire River below Sarcillo Canyon (PR-16.9) were most susceptible to 
sedimentation influences.  Sediment removal improved the quality of data recorded at each 
gage.   
 

• Removal of ice. 
 
During the winter, freezing conditions affected the accuracy of the streamflow monitoring.  
During this period, ice was removed in the vicinity of the river cross section, when possible, 
to support stream flow readings.   
 

• Calibration of the eight continuous streamflow monitoring stations at a frequency of no less 
than monthly.  

                                                   
1 Wet Canyon near Mouth (WET-0.3) and South Fork Purgatoire River near Mouth (SFPR-0.2) staff gages were 
destroyed by July rainfall events, requiring new staff installations and stream stage adjustments. 
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Manual flow measurements were 
conducted monthly at each continuous 
monitoring location to calibrate the 
gauging equipment and to refine the 
rating curve that establishes the 
relationship between river stage and 
streamflow (Figure 3-2).  An example 
of final streamflow measurements at 
PR-16.9 versus instantaneous manual 
flow measurements is provided in 
Figure 3-3.   Gaps in the daily average 
streamflow measurement reflect those 
times when sedimentation affected the 
flow bubbler.  If less than 90% (<86) 
of the15-minute flow values for a 
given day (96) were available, the 
daily average value for that day was 
not calculated to prevent the 
generation of invalid statistics.   
  

Figure 3-2.  Manual Stream Flow Measurement on a Purgatoire 
River Tributary 
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Flow
Mainstem Inflow (Ac-ft)
PR-37.1 8,935 22.1% 21.6%
PR-24.8 27,786 68.6% 67.3%

WET-0.3 611 1.5% 1.5%
SFPR-0.2 9,466 23.4% 22.9%
LOR-0.2 965 2.4% 2.3%
SAR-0.4 304 0.8% 0.7%

PR-16.9 35,667 88.0% 86.4%
PR-8.8 40,514 100.0% 98.2%

REI-1.4 760 1.8%
41,275Into Reservoir (Calc)

Percent to 
PR8.8

Table 3-1 Purgatoire River Water Balance
Continuous Gauging Station Total Flows

April 2010 through December 2010

Percent to 
Reservoir

 
 
3.1.2 Data Results 
 
Daily average statistic tables for streamflow 
are provided in Appendix A-1 and 
graphical representations in Appendix A-6.  
During the 2010 monitoring season (April 
15th through December 31st), 40,514 acre-
feet flowed past PR-8.8 into Trinidad Lake 
(Table 3-1).  The average historic 
streamflow during April 15th through 
December 31st (1972 – 2010) at this same 
location is 45,134 acre-feet.  In 2010, 
streamflow at PR8.8 represented 98.2% of 
the flow measured through the continuous 
gauging station into Trinidad Reservoir, 
with the remaining 1.8% coming from 
Reilly Canyon which flows directly into the 
lake.   

 
Monthly flows measured from the continuous monitored Purgatoire mainstem segments are depicted on 
Figure 3-4.   Most of the flow occurred during the spring runoff period of June and the August 
monsoons. Approximately 28% of the total flow from April to December occurred in June with 
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approximately 11,226 acre-feet flowing past Purgatoire River station PR-8.8.  The second largest 
amount of flow was during the monsoon season in August, when 9,233 acre-feet flowed past PR-8.8.  
Figure 3-5 shows the monthly flows measured from the continuous monitored Purgatoire tributary 
canyons by month.  Approximately 10% of the total flow into Trinidad Lake is from CBM influenced 
tributaries.  As illustrated, Lorencito Canyon generates the greatest flows of these tributaries, with more 
than four times the flow volume than other tributary canyons.   
 

Figure 3-4.  Total Flows Generated From Purgatoire Mainstem by Month 

 
  

Figure 3-5.  Total Flows Generated From Purgatoire Tributaries by Month
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Figure 3-6 illustrates the daily average streamflow 
measured by the USGS at Station PR-8.8 during 
2010.  As shown, the spring high flow season 
began earlier than average, with snowmelt 
initiating in early March and continuing through 
early July; peaking at 366 cfs on June 9, 2010.  
Additional short-duration peak flows occurred 
throughout the summer from monsoonal 
precipitation events, including the maximum 
average daily discharge for the year of 371 cfs 
recorded on August 5, 2010.   
 
The accuracy of the continuous flow data varies 
by gage, season, and flow regime (Appendix A-5).   
The accuracy of the data is generally rated 
“good”, with the exception of icing conditions when the river freezes (data record noted with a 
superscript “BI”) or after high runoff events that cause sedimentation of the bubbler (denoted with a 
superscript “EN” for estimated number).  Similar to the USGS gauging station on the Purgatoire River 
(Appendix A), estimated flow data and, occasionally, gaps in the flow data are typically associated with 
one of the following: 
 

• When flows exceed the highest manual measurement by more than two times.   
• Instrument malfunction during winter freezing. 
• Excessive sedimentation after runoff events. 

 
The rating curve for each of the nine continuous monitoring stations will continue to be refined and data 
quality will continue to be improved as additional stream stages versus discharge measurements are 
recorded in 2011 and data records increase.   
 
3.2 Monthly Flow Measurement Data 
 
In addition to continuous streamflow monitoring in the watershed, Tetra Tech performed manual 
streamflow measurements at each monitoring station within the Basin on a monthly basis (27 sites).  
The purpose of the monthly manual flow measurements are: 
 

1. To provide a water balance for the basin. 
2. To provide the flow component for the mass balance loading analysis for the basin. 
3. For those stations equipped with the continuous flow gauging equipment, to provide data for 

the ongoing development of individual rating curves to convert river stage to streamflow 
(Section 3.1).   

 

Figure 3- 6.   Flow at USGS Gage Upstream of  
Trinidad Lake (PR-8.8) in 2010 
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Generally, nine months (April through December) of manual flow measurements, collected on a 
monthly basis, are available for each station in 2010.  However, additional manual flow measurements 
are available at select locations and fewer at others (dry conditions).  These manual flow monitoring 
data are used in this subsection to evaluate flow sources in the Basin.    
 

The relative contribution of flow by the various tributaries within the Purgatoire River watershed in 
2010 is shown in Figure 3-7.  During the nine sampling events performed in 2010, the Middle Fork (at 
PR-37.1), South Fork (at SFPR-0.2) and North Fork (at NFPR-0.3) were the largest contributors to flow. 
The Middle and North Forks have higher yields, in terms of flow per unit area, than the South Fork.  
The overall average elevations of the Middle and North Forks is higher than that of the South Fork, 
which likely translates to a greater snowpack in the two former basins.  The Long Canyon drainage 
basin is the largest in Purgatoire watershed upstream of Trinidad Lake, yet it has a very low water yield 
due to its location in the lower portion of the basin.  Figure 3-8 depicts the seasonal variability of 
streamflow measured monthly by Tetra Tech at each monitoring point along the Purgatoire River 
mainstem and in select tributaries, from the upstream continuous streamflow monitoring location near 
Stonewall, CO (at monitoring station PR-37.1) to downstream at the USGS gauging station below 
Trinidad Lake (PR-2.8).  The various sources of flow in the Purgatoire River are described below. 
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Figure 3-8.  2010 Manual Flow Measurements in the Purgatoire Watershed   

 
 
3.2.1 Upstream Purgatoire River Flows 
 
Upstream source areas are considered those portions of the Purgatoire River watershed that are upstream 
of CBM discharges.  Monitoring locations that provide flow data representative of these upstream areas 
are illustrated on Figure 1-3 and listed below: 
 

 South Fork Purgatoire River at Tercio (SFPR-12.7) 
 Middle Fork Purgatoire River at Stonewall (PR-37.1) 
 North Fork Purgatoire River upstream of Guajatoyah Canyon (NFPR-5.3) 

 
Although flows may be present in other tributaries upstream of CBM discharges and in additional 
tributaries (e.g., Long Canyon) that do not have CBM outfalls, the volume of water flowing into the 
basin at these three upstream locations far exceeds non-CBM related flows originating in canyons lower 
in the basin (Figure 3-7).   
 
Upstream flows originate on the eastern flanks on the Sangre de Cristo Mountains in the headwaters of 
the Mainstem, North and South Forks of the Purgatoire River.  As such, the flows from the upstream 
areas are dominated by the annual snowmelt runoff.  The Whiskey Creek SNOw TELemetry (SNOTEL) 
site is located in the headwaters of the Purgatoire River watershed and is assumed representative of the 
snowpack in the Basin (Figure 3-9).  The 2009-2010 snowpack peaked in early April with an above 
average accumulation of snow.  However, warm and windy conditions beginning in early May led to the 
rapid erosion of the snowpack and by mid-May, approximately three weeks sooner than average, the 
Whiskey Creek snowpack had melted off. 
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Figure 3-9.  Whiskey Creek, Colorado Winter 2009-2010 Snowpack 

 
Source: http://www.wrcc.dri.edu/snotel/snocolo.html 

 
Flow originating from the upstream areas is the main source of water to the Basin (Figure 3-7).  
However, the relative contribution of water from the upper basins varies over the course of the year.  
During the high flow sampling event (June 2010) the combined flows measured at stations SFPR-12.7, 
PR-37.1, and NFPR-5.3 accounted for 94 percent of the water in the Purgatoire River, with the North 
Fork contributing the largest flow on that day (Figure 3-9).  As the year progressed, the contribution 
from the upstream areas decreased and, by December 2010, the combined flows from these three 
upstream stations accounted for 54 percent of the Basin flow.  Manual flows measured at upstream 
stations SFPR-12.7, PR-37.1, and NFPR-5.3 during 2010 are presented in Appendix A-2. 
 
3.2.2 Tributary Flows 
 
The Program includes fifteen sample locations to monitor tributary contributions to the Purgatoire River.  
Tributary locations are listed in Table 2-1 and illustrated on Figure 1-3.  Monthly manual flow 
measurements have been recorded at each of these locations since April 2010, with the exception of 
Apache (APA-0.2) and Santistevan (SAN-0.1) Canyons.  Apache and Santistevan Canyons were sites 
added to the watershed monitoring program in September 2010 to better quantify flows entering the 
Purgatoire River; consequently, only four months of data are available for these two stations.  
Additionally, Molino and Smith Canyons were dry during each of the monthly monitoring events during 
2010.  The median streamflow measured monthly at each tributary station and an estimate of percent of 
flow into Trinidad Lake is summarized below in Table 3-2.   
 
Approximately 6.4 mgd, or 7,200 acre-feet, of produced water was discharged from CBM outfalls to the 
tributary canyons in accordance with the Operators’ CPDS permits.  Excluding Reilly Canyon, which 
enters Trinidad Lake unless the lake level is very low, all CBM discharge points within the Basin are 
located upstream of PR-8.8. Long Canyon, with no CBM discharge points and a drainage basin of 
approximately 112 square miles, also enters Trinidad Lake downstream of PR-8.8. Manual flows 
measured at tributary stations are presented in Appendix A-3.   
  

http://www.wrcc.dri.edu/snotel/snocolo.html�
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Table 3-2.  2010 Median Flows in Purgatoire River Tributaries 

Rank Tributary Median Flow 
(cfs) 

Percent of 
Flow in 

Reservoir4 

1 Guajatoyah Canyon 
(GUA-0.1) 3.0 6.6% 

2 Reilly Canyon* 
(REI-1.4) 1.5 2.4% 

3 Wet Canyon* 
(WET-0.3) 1.4 1.9% 

4 Lorencito Canyon* 
(LOR-0.2) 1.4 5.0% 

5 Long Canyon 
(LNG-2.1) 0.68 5.4% 

6 Sarcillo Canyon* 
(SAR-0.4) 0.67 1.0% 

7 Apache Canyon² 
(APA-0.2) 0.44 0.3% 

8 Burro Canyon 
(BUR-0.4) 0.41 0.5% 

9 Santistevan Canyon² 
(SAN-0.1) 0.36 0.2% 

10 Widow Woman Creek 
(WWC-0.8) 0.03 0.1% 

11 Valdez Canyon 
(VAL-0.4) 0.01 0.03% 

12 Molino Canyon³ 
(MOL-0.1) Dry 0% 

13 Smith Canyon³ 
(SMI-0.2) Dry 0% 

Notes: 
An * indicates that these locations are equipped with a continuous gage. 
1. Includes flow contributions from upstream areas. 
2. Only includes flow data from September through December. 
3. Molino and Smith Canyons were dry during each monthly event. 
4. Estimated Flow into Reservoir (not including direct flow areas)  = Streamflow from USGS Station, 
Purgatoire River at Madrid, CO (PR-8.8) + Reilly Canyon Streamflow (REI-1.4) + Long Canyon 
Streamflow (LNG-2.1). 

 
3.2.3 Mainstem Purgatoire River Flows 

 
The Purgatoire River mainstem upstream of Trinidad Lake incorporates nine monitoring locations from 
Stonewall (PR-37.1) to just upstream of Trinidad Lake (PR-8.8, operated by the USGS (USGS ID: 
07124200 Purgatoire River at Madrid, CO)  The mainstem stations are listed in Table 2-2 and shown on 
Figure 1-3.  Flow in the Purgatoire River exhibits an overall increase in the downstream direction 
(Figure 3-8).  However, areas where there is a net flow gain or loss are present at locations throughout 
the river.  Net flow gains and losses are calculated by subtracting the sum of upstream station flow and 
the measured inflows (i.e., tributary measurements) from the flow measured at the downstream station.  
Tetra Tech does not monitor all tributaries that enter the Purgatoire.  Like many rivers, the Purgatoire 
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River is underlain by an alluvial groundwater system; surface water may flow from the river into the 
alluvial groundwater and vice versa at different locations and/or different times.  Additionally, as 
allowed by the District 19 Water Commissioner, water rights’ holders may exercise their rights and 
divert water from the mainstem and utilize this water for agricultural purposes; some of this water may 
return to the river in the form of tailwater or (lagged) return flows.  Combined, these unmonitored 
tributaries, alluvial groundwater gains/losses, and agricultural diversions constitute an “unmeasured” 
term in the basin water balance.  Segments along the Purgatoire River are defined as either gaining or 
losing and represent the following conditions: 
 

• Gaining:  When a net increase in flow is measured between stations, likely the result of 
unmeasured tributary, alluvial groundwater inflows, and irrigation return flows.   

• Losing:  When a net decrease in flow is measured between stations, likely the result of 
surface water seepage into the shallow alluvial aquifer or diversions from the mainstem for 
irrigation purposes.   

 
Flow gains or losses in individual segments of the Purgatoire River during the April through December 
2010 monthly sampling events are summarized in Table 3-3. In a few cases, there is no consistent trend 
based on data collected during the 2010 monitoring season.   
 

Table 3-3.  2010 Purgatoire River Flow Gain/Loss Summary 

Purgatoire River 
Segment 

Monthly 
Sampling 

Events with a 
Flow Gain 

Monthly 
Sampling 

Events with a 
Flow Loss 

Insignificant 
Change¹ 

Overall 
Assessment 

PR-37.1 to PR-33.0 6 1 2 Gaining 
PR-33.0 to PR-29.7 5 1 3 Gaining 
PR-29.7 to PR-24.8 0 3 6 Losing 
PR-24.8 to PR-24.3 3 2 4 Variable² 
PR-24.3 to PR-18.5 0 6 3 Losing 
PR-18.5 to PR-16.9 2 1 6 Variable² 
PR-16.9 to PR-11.3 2 4 3 Losing 
PR-11.3 to PR-8.8 6 0 3 Gaining 

Notes:  
1. Flow change considered significant if unmeasured flow through reach is greater than plus or minus 5% of the 

measured flow at the downstream station. 
2. Variability in flow measurements do not support a gaining or losing segment.  

 
The gain/loss status of Purgatoire River segments summarized in Table 3-3 are illustrated along a profile 
of the Purgatoire River from Stonewall (PR-37.1) to below Trinidad Lake (PR-2.8) in Figure 3-10.  
Flow gains are present in the upper sections of the Purgatoire River between PR-37.1 and PR-29.7 
where the gradient of the river is steep.  Generally, flow losses are evident from PR-29.7 to PR-11.3, 
potentially due to a decrease in channel gradient and a resultant loss of surface water to the alluvial 
groundwater system.   Between PR-11.3 and PR-8.8, a general increasing trend in unmeasured flows is 
evident; likely the result of subsurface inflow from alluvium (bedrock is very shallow in the vicinity of 
PR-8.8).  No seasonal trends are evident when evaluating gains and losses under varying flow 
conditions (i.e., high flow vs. low flow) within the individual segments.   
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Figure 3-10.  River Profile and Unmeasured Flow Gains/Losses  

 
 
3.2.4 Purgatoire River Flow Downstream of Trinidad Lake 
 
Trinidad Lake is an irrigation storage reservoir that was constructed upstream of Trinidad, Colorado in 
the late 1970s.  The reservoir collects water originating from the upper Purgatoire River watershed as 
measured at PR-8.8 as well as water originating from Reilly and Long Canyons.  In general, water is 
released from the reservoir between mid-April and mid-October to serve downstream water rights, 
largely for irrigation.  However, short duration releases from the reservoir may occur during the winter 
as occurred in January and February 2010 (Figure 3-11). 
 
Tetra Tech included a sample location below Trinidad Lake (PR-2.8) in the Program to compare water 
quantity and quality to upstream stations.  Continuous releases from the reservoir occurred from 
approximately May 1 through October 15, 2010 and were monitored by the USGS station; therefore, 
manual flow measurements were only performed during the May through October sampling events.  The 
daily average discharge measured by the USGS at Station PR-2.8 during 2010 shown in Figure 3-6, 
indicates releases from Trinidad Lake during the seasonal snowmelt peaked at 347 cfs on June 9.  
Additional peaks of 459 cfs and 507 cfs occurred on August 4 and August 10, respectively.  
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Figure 3-11.  Flow at USGS Gage Downstream of Trinidad Lake (PR-2.8) in 2010 
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4.0 WATER QUALITY 
 
This section discusses the data collected from the continuous (near real time) and monthly water quality 
monitoring programs and compares surface water quality analyte concentrations to water quality 
standards for the appropriate river segment and use classifications adopted by the Colorado Water 
Quality Control Commission (WQCC).  
 
In conjunction with the continuous streamflow measurements, nine of the monitoring stations 
continuously collect water quality data for EC, chloride, temperature, and pH.  Monthly water quality 
sampling is also performed at the 27 sampling locations presented on Figure 1-3 for a broader array of 
water quality constituents, including metals, inorganic parameters and physical parameters.  The 
monthly water quality laboratory results are also being used to help develop statistically meaningful 
correlations between the laboratory measurements and the general water quality data collected by the 
continuous monitoring equipment.    
 
In this initial report many of the water quality analyses focus on the monthly data collected by the Tetra 
Tech scientists in the field.  However, the emphasis of future monitoring reports will continue to shift 
from the monthly data collected manually to the near-real time continuous data, particularly as the water 
quality dataset increases in 2011and the statistical strength of the data improves.   
 
4.1 Continuous Surface Water Quality Monitoring 
 
Tetra Tech operated and maintained nine continuous monitoring stations equipped with probes to 
provide near real time water quality measurements (15-minute interval) of pH, EC, chloride and 
temperature.  Similar to the streamflow data, the provisional continuous water quality monitoring data 
were transmitted via satellite at 15-minute intervals to the Purgatoire watershed website.  Figures 4-1 
depicts continuous provisional water quality monitoring data collected and transmitted to the 
www.purgatoirewatershed.org website at one of nine stations (PR-8.8 - Purgatoire River upstream of 
Trinidad Lake) for chloride, pH, temperature, and EC during the 2010 monitoring season (April - 
December 2010). 
  

http://www.purgatoirewatershed.org/�
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Figure 4-1.  Chloride, EC, Temperature and pH Continuously Monitored and Displayed 
on Purgatoire Website (Example Screen of Data from PR-8.8) 

  
 
Tetra Tech calibrated and maintained each of the nine water quality monitoring stations and Hydrolab 
water quality instruments a minimum of once per month between April and December 2010.  After 
precipitation events or snowmelt runoff periods, Tetra Tech personnel observed varying degrees of 
sediment build-up around the Hydrolab water quality probes.  Starting in August, local staff from 
Norwest Corporation checked each probe on a weekly basis to remove potential sediment build-up on 
and around monitoring equipment.  In June, Tetra Tech personnel also observed varying degrees of 
calcium build-up on the Hydrolab water quality probes at select tributary stations (i.e., Reilly, Sarcillo, 
Lorencito, and Wet Canyons).  Beginning in July, a dilute hydrochloric acid solution was utilized to 
remove these calcium deposits from the water quality probes.  The sediment and calcium deposit 
removal improved the quality of the data recorded at each gage.  
 
4.1.1 Data Reduction  

 
Provisional water quality data collected near real time in 2010 was finalized using the AQUARIUS 
software.  Using the pH, temperature, and EC field values measured during each periodic calibration 
visit as input, the AQUARIUS allows refinements to the continuous data for instrument drift, calcium 
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buildup, sedimentation, etc., to match the measured field values.  For chloride, continuous data were 
adjusted to analytical results from the monthly water quality samples.  Similar to USGS water quality 
stations, the accuracy rating for the continuous water quality data is good (Appendix A-4), with the 
exception of data collected during freezing conditions where icing occurred (noted “BI” in the data 
record)  and after heavy runoff periods, where sedimentation impacted results (noted “EN” in the data 
record).   
 
4.2 Monthly Surface Water Quality Monitoring  
 
Generally, nine months (April through December) of water quality samples were collected at each 
monitoring location during 2010 and analyzed for field and laboratory analytical parameters 
summarized in Table 2-2. The monthly water quality monitoring program and sampling results, also 
communicated on the website, bolstered the continuous monitoring program by adding more data and 
information to the quality of water in the Purgatoire River and its tributaries.  Monthly data are also 
being used to evaluate statistical relationships between the continuously monitored data and the monthly 
analytical results.   
 
With only a few exceptions where dry sample locations (e.g., Smith and Molino Canyons) or when 
water present at a location was determined to be non-representative of actual conditions (i.e., seepage 
from the Trinidad Lake outlet works in April, November, and December at Station PR-2.8), water 
quality monitoring provided relevant data to evaluate how analyte concentrations change from upstream 
areas in the North, Middle, and South Forks of the Purgatoire River to below Trinidad Lake.  Data detail 
and laboratory analytical reports from the monthly water quality monitoring program are provided in 
Appendix B.   
 
4.3 2010 Water Quality Results 
 
This section summarizes water quality results and compares results with the classifications and use 
standards adopted by the WQCC in Regulation No. 32 (5 CCR 1002-32) for Purgatoire River watershed 
segments (Table 4-1).  As shown, the three applicable river segments each have their own respective use 
classifications to protect water quality, including: 
 

• Agriculture 
• Water Supply 
• Aquatic Life Cold Water  
• Aquatic Life Warm Water 
• Recreation 
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 Table 4-1.  Purgatoire River Segments and Use Classifications (WQCC, 2011) 

River Segment  
ID Description Use Classifications 

Lower Arkansas 
Stream Segment 4 

COARLA04 

Mainstem of Lorencito Canyon. 
Aquatic Life Warm 2 
Recreation E 
Agriculture 

Lower Arkansas 
Stream Segment 5a 

COARLA05a 

Mainstem of the North Fork of the 
Purgatoire and its tributaries; mainstem of 
the Middle Fork of the Purgatoire and its 
tributaries to Stonewall, then only the 
mainstem of the Middle Fork to the 
Confluence with the North Fork;  
Mainstem of the South Fork of the 
Purgatoire and its tributaries to Tercio, 
then only the mainstem of the South Fork 
to the confluence with the Purgatoire 
River; mainstem of the Purgatoire to 
Interstate 25 excluding Trinidad Lake. 
 

Aquatic Life Cold 1 
Recreation E 
Water Supply 
Agriculture 

Lower Arkansas 
Stream Segment 6 
COARLA06 

All tributaries to the Purgatoire from the 
source to I-25, except for specific listing in 
Segment 4 and 5a. 

Aquatic Life Cold 2 
Recreation E 
Agriculture 

 
4.3.1 Water Quality Protection of Agricultural Use 

 
Irrigation use occurs along the mainstem of the Purgatoire, Segment 5a, for crops specific to the basin, 
upstream of Trinidad Lake, namely, alfalfa and grass.  Agricultural uses of surface water in the 
Purgatoire tributaries (Segments 4 and 6) are currently limited to livestock and wildlife watering, not 
irrigation of crops.  The Purgatoire watershed monitoring program evaluated the suitability of irrigation 
water for irrigating crops as measured by salt concentrations, expressed as EC and Sodium Adsorption 
Ratio (SAR) (a ratio of sodium to calcium and magnesium).    
 
Boron, a constituent of concern for select sensitive crops (i.e., citrus, orchards, figs, artichokes), was 
also analyzed (Figure 4-2).  However, these boron sensitive crop species are not grown in the Purgatoire 
watershed.  
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Figure 4-3.  2010 Electrical Conductivity on Segment 5a 

 
 
The Tijerras Ditch, with its headgate located just upstream of PR-11.3, is the lower most surface water 
right upstream of Trinidad Lake that is used to divert water from the Purgatoire River for irrigation 
purposes.  The continuous EC measurements and monthly measurements from Stations PR-8.8 and PR-
16.9, which bracket the Tijerras Ditch location, are provided in Figures 4-4 and 4-5, respectively.  As 
with the monthly sampling data, these continuous data demonstrate that the EC levels in the mainstem 
Purgatoire remained consistently below the threshold limit for alfalfa, 1300 µS/cm.   

Figure 4-6 illustrates the monthly 2010 SAR levels were well below the limit of 6.8 for alfalfa, from the 
upstream monitoring station at Stonewall (PR-37.1) to the downstream station located below Trinidad 
Lake (PR-2.8).  As more data is collected, statistical relationships will be developed to quantify SAR 
levels near real time based on the continuous measurements.   
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