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BASIC EAP DATA 
Purpose 
The purpose of this Emergency Action Plan (EAP) is to reduce the potential for loss of life and injury and 
to minimize property damage during an unusual or emergency event at Pastorius Reservoir.  Additionally, 
this EAP establishes responsibilities and procedures in the event of a failure or potential failure of 
Pastorius Reservoir.  
 
Potential Impacted Areas 

Pastorius Reservoir is located in La Plata County, on the Florida Canal, tributary to the Florida River.  See 
Appendix A-1 for a general location and vicinity map of Pastorius Reservoir and the surrounding area. 
The nearest downstream community consists of sporadically rural homes and non-inhabitable structures 
along the West Fork and Cottonwood Gulch, all within three miles downstream of the reservoir. 
 
No other community would be affected by a failure of either the main dam or the east dike of Pastorius 
Reservoir, or flooding from large releases.  In the event of a dam failure, the inundation maps in 
Appendix A-2 show the depth of inundation and the arrival time of the peak flow at critical downstream 
sections.  A summary of downstream residences, which may be at risk, is provided in Appendix A-4.  
 
Directions to Dam 
Also see Location and Vicinity maps (See Appendix A-1) 
From the Town of Durango, Colorado, proceed south on Camino del Rio (US Highway 550) for 5.2 
miles.  Continue on US Highway 160 for 3 miles.  Turn right on Colorado 172 for 2.1 miles.  Turn right 
on County Road 302 for 0.8 miles. Turn right on County Road 304 for 0.3 miles.  
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DESCRIPTION OF DAM (Main Dam) 
  

 Dam Name:   Pastorius Reservoir  

 State of Colorado DAMID: 300126 

 NATID (Nat. Inventory of Dams): CO - 00894 

Dam Owner:   Florida Canal Company 

 Type of Dam:   Earth Fill 

 Hazard Classification:  Significant 

 County:   La Plata 

 Location: Section 10, Township 34N, Range 9W 

   Latitude: 37.20, Longitude: -107.81 

 Nearest Town:   Aztec, NM 

 Distance to Nearest Town: 30 miles  

 Name of Drainage, River, 

 or Stream:   Cottonwood Gulch, tributary to the Florida River 

 Year Constructed:  1965 

 Dam Height:   26 (feet) 

 Crest Length:   1090 (feet) 

 Crest Width:   22 (feet) 

 Drainage Basin Area:   480 (acres) 

 Maximum Reservoir Surface Area:  45 (acres) 

 Reservoir Normal Capacity:   295 (acre-feet) 

 Reservoir Maximum Capacity: 565 (acre-feet) 

 Outlet Diameters:   1 foot each 

 Outlet Type:    Twin VCP/Cast Iron 

 Outlet Max. Discharge Capacity: 20 (cfs) 

 Emergency Spillway Type:  Open Channel (concrete) 

 Emergency Spillway Width:  5.5 (feet) 

 Spillway Freeboard:    5.8 (feet) 

 Maximum Spillway Capacity:  1100 (cfs) 
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DESCRIPTION OF DAM (East Dike) 
  

 Dam Name:   Pastorius Reservoir  

 State of Colorado DAMID: 300142 

 NATID (Nat. Inventory of Dams: CO - 00894 

Dam Owner:   Florida Canal Company 

 Type of Dam:   Earth Fill 

 Hazard Classification:  Significant 

 County:   La Plata 

 Location: Section 10, Township 34N, Range 9W 

   Latitude: 37.20, Longitude: -107.81 

 Nearest Town:   Aztec, NM 

 Distance to Nearest Town: 30 miles  

 Name of Drainage, River, 

 or Stream:   Cottonwood Gulch, tributary to the Florida River 

 Year Constructed:  1965 

 Dam Height:   15 (feet) 

 Crest Length:   510 (feet) 

 Crest Width:   16 (feet) 

 Drainage Basin Area:   480 (acres) 

 Maximum Reservoir Surface Area:  45 (acres) 

 Reservoir Normal Capacity:   295 (acre-feet) 

 Reservoir Maximum Capacity: 565 (acre-feet) 

 Outlet Diameters:   N/A 

 Outlet Type:    N/A 

 Outlet Max. Discharge Capacity: N/A 

 Emergency Spillway Type:  Open Channel (concrete) 

 Emergency Spillway Width:  5.5 (feet) 

 Spillway Freeboard:    5.8 (feet) 

 Maximum Spillway Capacity:  1100 (cfs) 
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EMERGENCY ACTION PLAN OVERVIEW 
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ROLES AND RESPONSIBILITIES 
Dam Owner/Manager 

 Respond to observed or reported conditions, incidents, or unusual events to detect if an existing or 
potential emergency exists (see Step 1 - Event Detection). 

 As soon as an emergency event is detected, immediately determine the emergency level (see Step 
2 - Emergency Level Determination). 

– Level 1: Non-emergency incident; Unusual event; Slowly developing situation 
– Level 2: Potential dam failure situation; Rapidly developing 
– Level 3: Urgent; Dam failure is imminent or in progress 

 Immediately notify the personnel in the order shown on the notification flow chart for the 
appropriate emergency level (see Notification Flow Charts). 

 Provide updates of the situation to the Local Emergency Manager to assist them in making timely 
and accurate decisions regarding warnings and evacuations. 

 Provide leadership to assure the EAP is reviewed and updated annually and copies of the revised 
EAP are distributed to all who received copies of the original EAP. 

 Facilitate exercise of the EAP as necessary to ensure the effectiveness of the EAP and emergency 
response. 

 
Local Emergency Manager 

 Typically City Police or Fire Department or County Sheriff Department personnel act as the Local 
Emergency Manager. 

 Serve as the primary contact person responsible for coordination of all emergency actions. 
 Maintain communication with media. 
 When a Level 2 situation occurs: 

– Prepare emergency management personnel for possible evacuations that may be needed if 
a Level 3 situation occurs. 

– Alert public as appropriate. 
 When a Level 3 situation occurs: 

– Initiate warnings and order evacuation of people at risk downstream of the dam. 
– Carry out the evacuation of people and close roads within the evacuation area (see 

Appendix A-1 Inundation Map). 
– Alert the general public of the emergency. 

 Decide when to terminate the emergency. 
 Participate in annual review and update of the EAP. 

 
Colorado Division of Emergency Management 

 Respond to specific requests from the Local Emergency Manager to help minimize the impacts of 
an emergency event. 

 
Dam Owner’s Engineer 

 Provide assistance and expertise with technical issues related to dam. 
 
State Dam Safety Engineer (Colorado Division of Water Resources) 

 Advise dam owner on emergency level determination if time permits. 
 Advise dam owner on remedial actions to take if a Level 2 event occurs and if time permits. 
 Advise the Local Emergency Manager when conditions are safe to terminate the emergency. 
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FIVE-STEP EAP PROCESS 
 
The following steps are in reference to the preceding flow chart and outline the procedures that must be 
carried out for effective implementation of this EAP. 
 
Step 1 Event Detection 
 
This step describes the detection of an unusual or emergency event.  Information is provided herein to 
assist the dam operator in determining the appropriate emergency level for the event. 
 
Unusual or emergency events may be detected by: 

 Observations at or near the dam by government personnel (local, state, or federal), landowners, 
visitors to the dam, or the public.  All reports of an unusual or emergency event should be verified 
by the dam owner. 

 Evaluation of instrumentation data 
 Earthquakes or other environmental events felt or reported in the vicinity of the dam 
 Forewarning of conditions which may cause an unusual event or emergency event at the dam (for 

example, a severe weather or flash flood forecast) 
 
If the above observations reveal an unusual or an emergency situation exists, the Dam Owner/Manager 
will utilize the methodology outlined in Step 2 to classify the situation.  
 
See the Guidance for Determining the Emergency Level table and Examples of Emergency Situations in 
Step 2 for assistance in evaluating specific events to determine if they are unusual or potential emergency 
situations. 
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Step 2 Emergency Level Determination 
 
After an unusual or emergency event is detected and verified, the Dam Owner/Manager is responsible for 
classifying the event into one of the following three emergency levels: 
 
Emergency level 1—Nonemergency, unusual event, slowly developing: 
 
This situation is not normal but has not yet threatened the operation or structural integrity of the dam, but 
possibly could if it continues to develop.  The State Dam Safety Engineer and the Dam Owner’s Engineer 
should be contacted to investigate the situation and recommend actions to be taken.  The condition of the 
dam should be closely monitored, especially during storm events, to detect any development of a potential 
or imminent dam failure situation.  The Local Emergency Manager should be informed if it is determined 
that the conditions may possibly develop into a worse condition that may require emergency actions. 
 
Emergency level 2—Potential dam failure situation, rapidly developing: 
 
This situation may eventually lead to dam failure and flash flooding downstream, but there is not an 
immediate threat of dam failure.  The Local Emergency Manager should be notified of this emergency 
situation and placed on alert.  The dam owner should closely monitor the condition of the dam and 
periodically report the status of the situation to the Local Emergency Manager and State Dam Safety 
Engineer.  As time permits, remedial actions should be taken to delay, moderate, or prevent failure of the 
dam.  If the dam condition worsens and failure becomes imminent, the Local Emergency Manager must 
be notified immediately of the change in the emergency level to evacuate the people at risk downstream. 
 
The State Dam Safety Engineer should be contacted to evaluate the situation and recommend remedial 
actions to prevent failure of the dam.  The dam owner should initiate remedial repairs (note local 
resources that may be available – see Appendix A-3 Resources Available).  Time available to employ 
remedial actions may be hours or days. 
 
This emergency level is also applicable when flow through the spillway has, or is expected to, result in 
flooding of downstream areas where people near the channel could be endangered.  Emergency services 
should be on alert to initiate evacuations or road closures if the flooding increases. 
 
Emergency Level 3—Urgent–Dam failure is imminent or in progress: 
 
This is an extremely urgent situation when a dam failure is occurring or obviously is about to occur and 
cannot be prevented.  Flash flooding will occur downstream of the dam.  This situation is also applicable 
when flow through the spillway is causing downstream flooding of people and roads.  The Local 
Emergency Manager should be contacted immediately so emergency services can begin evacuations of all 
at-risk people and close roads as needed (see Appendix A-1 Inundation Map and Appendix A-4 Summary 
of People at Risk). 
 
See following pages for guidance in determining the proper emergency level for various situations. 
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Guidance for Determining the Emergency Level 
Event Situation Emergency

Level* 

Spillway flow 

Spillway flowing with active gully erosion 2 

Spillway flow that could result in flooding of people downstream 2 

Spillway flowing with an advancing headcut that is threatening the control section 3 

Spillway flow that is flooding people downstream 3 

Embankment 
overtopping 

Overtopping flow not eroding the embankment slope; reservoir level expected to 
lower 

2 

Overtopping flow not eroding the embankment slope; reservoir level expected to 
rise 

3 

Overtopping flow eroding the embankment slope 3 

Seepage 

New seepage areas in or near the dam 1 

New seepage areas with cloudy discharge or increasing flow rate 2 

Rapid flow rate increase with cloudy discharge from existing seepage area(s) 3 

Sinkholes 
Observation of new sinkhole in reservoir area or on embankment 1 

Rapidly enlarging sinkhole 2 

Embankment 
cracking 

New cracks in the embankment greater than 1/4-inch wide without seepage 1 

Cracks in the embankment with seepage 2 

Embankment 
movement 

Visual movement/slippage of the embankment slope 1 

Sudden or rapidly progressing slides of the embankment slopes 3 

Instruments  Instrumentation readings beyond predetermined values 1 

Earthquake 

Measurable earthquake felt or reported on or within 50 miles of the dam 1 

Earthquake resulting in visible damage to the dam or appurtenances 2 

Earthquake resulting in uncontrolled release of water from the dam 3 

Security threat 
Verified bomb threat that, if carried out, could result in damage to the dam 2 

Detonated bomb that has resulted in damage to the dam or appurtenances 3 

Sabotage/ 
vandalism 

Damage to dam or appurtenances with no impacts to the functioning of the dam 1 

Modification to the dam or appurtenances that could adversely impact the 
functioning of the dam 

1 

Damage to dam or appurtenances that has resulted in seepage flow 2 

Damage to dam or appurtenances that has resulted in uncontrolled water release 3 

 
*Emergency level 1: Non-emergency, unusual event, slowly developing 
*Emergency level 2: Potential dam failure situation, rapidly developing 
*Emergency level 3: Urgent; dam failure is imminent or in progress. 
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Examples of Emergency Situations 
 
The following are typical examples of conditions that may occur at a dam that usually constitute an 
emergency situation.  Adverse or unusual conditions that can cause the failure of a dam are typically 
related to aging or design and construction oversights.  Extreme weather events that exceed the original 
designed conditions can cause significant flow through the emergency spillway or overtopping of the 
embankment.  However, accidental or intentional damage to the dam may also result in emergency 
conditions.  The conditions have been grouped to identify the most likely emergency level condition and 
are provided as guidance only.  Not all emergency conditions may be listed and the dam owner is urged to 
use conservative judgment in determining whether a specific condition should be defined as an emergency 
situation at the dam. 
 
Emergency Spillway Flows 
 
Emergency Level 2—Potential dam failure situation; rapidly developing: 
 

1. Significant erosion or headcutting of the spillway is occurring but the rate does not appear to 
threaten an imminent breach of the spillway crest that would result in an uncontrolled release of 
the reservoir. 

2. Flow through the emergency spillway is or is expected to cause flooding that could threaten 
people, homes, and/or roads downstream from the dam. 

 
Emergency Level 3—Urgent; dam failure is imminent or in progress: 
 

1. Significant erosion or head cutting of the spillway is occurring at a rapid rate and a breach of the 
control section appears to be imminent. 

2. Flow through the emergency spillway is causing flooding that is threatening people, homes, and/or 
roads downstream from the dam. 

 
Embankment Overtopping 
 
Emergency Level 2—Potential dam failure situation; rapidly developing: 
 

1. The reservoir level has reached the top of the dam and is projected to continue to lower. 
2. Flow is occurring over the embankment, but it is not eroding the embankment slope and the 

reservoir is expected to continue to lower. 
 
Emergency Level 3—Urgent; dam failure is imminent or in progress: 
 

1. Flow is occurring over the embankment causing damage to the embankment slope. 
2. The reservoir level has exceeded the top of the dam and is expected to continue to rise. 
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Seepage and Sinkholes 
 
Emergency Level 2—Potential dam failure situation; rapidly developing: 
 

1. Cloudy seepage or soil deposits are observed at seepage exit points or from internal drain outlet 
pipes. 

2. New or increased areas of wet or muddy soils are present on the downstream slope, abutment, 
and/or foundation of the dam, and there is an easily detectable and unusual increase in volume of 
downstream seepage. 

3. Significant new or enlarging sinkhole(s) near the dam. 
4. Reservoir level is falling without apparent cause. 
5. The following known dam defects are or soon will be inundated by a rise in the reservoir: 

a. Sinkhole(s) located on the upstream slope, crest, abutment, and/or foundation of the dam; 
or 

b. Transverse cracks extending through the dam, abutments, or foundation. 
 
Emergency Level 3—Urgent; dam failure is imminent or in progress: 
 

1. Rapidly increasing cloudy seepage or soil deposits at seepage exit points to the extent that failure 
appears imminent or is in progress. 

2. Rapid increase in volume of downstream seepage to the extent that failure appears imminent or is 
in progress. 

3. Water flowing out of holes in the downstream slope, abutment, and/or foundation of the dam to 
the extent that failure appears imminent or is in progress. 

4. Whirlpools or other evidence exists indicating that the reservoir is draining rapidly through the 
dam or foundation. 

5. Rapidly enlarging sinkhole(s) are forming on the dam or abutments to the extent that failure 
appears imminent or is in progress. 

6. Rapidly increasing flow through crack(s) eroding materials to the extent that failure appears 
imminent or is in progress. 

 
Embankment Movement and Cracking 
 
Emergency Level 2—Potential dam failure situation; rapidly developing: 
 

1. Settlement of the crest, slopes, abutments and/or foundation of the dam that may eventually result 
in breaching of the dam. 

2. Significant increase in length, width, or offset of cracks in the crest, slopes, abutments, and/or 
foundation of the dam that may eventually result in breaching of the dam. 

 
Emergency Level 3—Urgent; dam failure is imminent or in progress: 
 

1. Sudden or rapidly progressing slides, settlement, or cracking of the embankment crest, slopes, 
abutments, and/or foundation, and breaching of the dam appears imminent or is in progress. 
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Step 3 Notification and Communication 

 
Notification: 
After the emergency level has been determined, people on the following notification flowcharts (pages 
14-16) for the appropriate emergency level shall be notified immediately. 
 
Communication: 
 
Emergency Level 1—Non-emergency, unusual event; slowly developing: 
The Dam Owner should contact State Dam Safety Engineer and the Dam Owner’s Engineer, describe the 
situation, and request technical assistance on the next steps that should be taken. 
 
Emergency Level 2—Potential dam failure situation; rapidly developing: 
The following message may be used to help describe the emergency situation to the Local Emergency 
Manager: 
 
 “This is (Identify yourself; name, position, etc.). 
 We have an emergency condition at (name of dam). 
 We have activated the Emergency Action Plan for this dam and are currently under Emergency 
 Level 2. 
 We are implementing predetermined actions to respond to a rapidly developing situation that 
 could result in dam failure. 
 Reference the Inundation Map in your copy of the Emergency Action Plan. 
 We will advise you as soon as the situation is resolved or if the situation gets worse. 
 I can be contacted at the following number ___________________________. 
 If you cannot reach me, please call the following alternative number____________________.” 
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Emergency Level 3—Urgent; dam failure is imminent or in progress: 
The Local Emergency Manager should be contacted immediately and the potentially flooded area must be 
evacuated (see Appendix A-1 Inundation Map). The following actions should be taken: 

 
1. Call 911 and be sure to say, “This is an emergency”.  The following message may be used to help 

describe the emergency situation to the Local Emergency Manager: 
 

“This is an emergency.  This is (identify yourself; name, position).  (name of dam) is failing. 
The downstream area must be evacuated immediately.  Repeat, (name of dam) is failing; 
evacuate the area along low-lying portions of (name of stream). 
We have activated the emergency action plan for this dam and are currently under Emergency 
Level 3. 
Reference the Inundation Map in your copy of the Emergency Action Plan. 
I can be contacted at the following number ___________________________. If you cannot 
reach me, please call the following alternative number____________________________.” 

 
2. Do whatever is necessary to bring people in immediate danger to safety if directed by the 

Local Emergency Manager (anyone on the dam, downstream from the dam, boating on the 
reservoir, or evacuees).  See Appendix A-4 Summary of People at Risk. 

 
3. Keep in frequent contact with the Local Emergency Manager to keep them up-to-date on the 

condition of the dam. They will tell you how you can help handle the emergency. 
 
4. If all means of communication are lost: (1) try to find out why, (2) try to get to another radio or 

telephone that works, or (3) get someone else to try to reestablish communications.  If these 
means fail, handle the immediate problems as well as you can, and periodically try to 
reestablish contact with the Local Emergency Manager and emergency services. 

 
The following pre-scripted message may be used as a guide for the Local Emergency Manager to 
communicate the status of the emergency with the public: 

 
Attention: This is an emergency message from (the Local Emergency Manager).  Listen 
carefully.  Your life may depend on immediate action. 
(Name of dam) is failing.  Repeat.  (Name of dam) is failing. 
If you are in or near this area, proceed immediately to high ground away from the valley.  Do 
not travel on (names of roads or highways) or return to your home to recover your 
possessions.  You cannot outrun or drive away from the flood wave.  Proceed immediately to 
high ground away from the valley. 

 
Repeat message 
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Emergency Level 1 Notifications 

Non-Emergency, 
Unusual Event, Slowly Developing 

 
 Dam Owner 

 

Organization: Florida Canal Co. 
970-769-6152 (Cell) 

Name: Justin Catalano, 
Superintendent 
Organization: Florida Canal Co.  
970-259-7250 (Home) 
970-749-9800 (Cell) 
 
 

Dam Owner’s Engineer 

Name: Peter Foster, P.E. 
Wright Water Engineers, Inc.  
Phone: 970-259-7411 

Colorado Division of 
Water Resources 

(contact at least one 
of the following) 

Matthew J. Gavin  
Dam Safety Engineer 
970-247-1845 (Office) 
970-769-4197 (Cell) 
970-946-6863 (Home) 

Rege Leach 
Division Engineer 
970-247-1845 (Office) 
970-769-3887 (Cell) 

Tom Fiddler 
Water Commissioner 
970-247-1845 (Office) 
970-769-1930 (Cell) 

Mark Haynes 
Chief of Dam Safety Program 
303-866-3581 X-8276 
(Office) 
303-204-6613 (Cell) 

(1) (2) 

Notes: 
(1), (2), etc. denotes call sequence 
 
See Emergency Service Contacts (page 17) for 
alternate contacts in the event that persons 
shown cannot be contacted. 
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Emergency Level 2 Notifications 

Emergency Event, Potential Dam Failure Situation; 
Rapidly Developing 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

Dam Owner 
 

Organization: Florida Canal Co.  
970-769-6152 (Cell) 

Name: Justin Catalano, 
Superintendent 
Organization: Florida Canal Co.  
970-25-7250 (Home) 
970-749-9800 (Cell)  
 

Local Emergency Manager 

911 
or 

Name: Butch Knowlton 
Phone: 970-385-2900 (Office)  

Colorado Division of 
Water Resources 

(contact at least one 
of the following) 

Matthew J. Gavin  
Dam Safety Engineer 
970-247-1845 (Office) 
970-769-4197 (Cell) 
970-946-6863 (Home) 

Rege Leach  
Division Engineer 
970-247-1845 (Office) 
970-769-3887 (Cell) 

Tom Fiddler  
Water Commissioner 
970-247-1845 (Office) 
970-769-1930 (Cell) 

Mark Haynes 
Chief of Dam Safety 
Program 
303-866-3581 X-8276 
(Office) 
303-207-6613 (Cell) 

Available Resources 

See Appendix A-3 

(2) 
(3) 

(1) 

Notes: 
(1), (2), etc. denotes call sequence 
 
See Emergency Service Contacts (page 17) for 
alternate contacts in the event that persons 
shown cannot be contacted. 
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Emergency Level 3 Notifications 

Urgent Event, 
Dam Failure is Imminent or in Progress 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

 
 
 

 
   

Dam Owner 
 

Organization: Florida Canal Co.  
970-769-6152 (Cell) 

Name: Justin Catalano, 
Superintendent 
Organization: Florida Canal Co.  
970-259-7250 (Home) 
970-749-9800 (Cell) 

National Weather Service

970-243-7007 
or 

1-800-868-7964 

Colorado Division of 
Water Resources 

(contact at least one 
of the following) 

Matthew J. Gavin 
Dam Safety Engineer 
970-247-1845 (Office) 
970-769-4197 (Cell) 
970-946-6863 (Home) 

Rege Leach  
Division Engineer 
970-247-1845 (Office) 
970-769-3887 (Cell) 

Tom Fiddler 
Water Commissioner 
970-247-1845 (Office) 
970-769-1930 (Cell) 

Mark Haynes 
Chief of Dam Safety 
Program 
303-866-3581 X-8276 
(Office) 
303-204-6613 (Cell) 

Local Emergency Manager 

911 
or 

Name: Butch Knowlton 
Phone: 970-385-2900 (Office)  

Colorado Division of Emergency 
Management 

Name: Patricia Gavelda 
Phone: 970-247-7674 

or 
24-hr Emergency No. 

303-279-8855 

(2) 

(1) 

(1) 

Notes: 
(1), (2), etc. denotes call 
sequence 
 
See Emergency Service 
Contacts (page 17) for 
alternates in the event person 
shown cannot be contacted. 
 
*Additional secondary calls 
should be made by the Local 
Emergency Manager 
according to the Local 
Emergency Operations Plan  
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Emergency Service Contacts 
 

Agency/Organization 
Principal Contact / 

Title Address 
Office Telephone 

Number 
Alternate Telephone 

Number(s) 
Florida Canal Co. Justin Catalano  

Superintendent 
10555 Hwy 550 
Durango, CO  

970-259-8471 970-749-9800 

La Plata County 
Emergency 
Preparedness  

Butch Knowlton 
Director 

1060 E. 2nd Ave 
Durango, CO  

970-385-2900 970-247-0275 

Florida Canal Co.  Organization   1056 main Ave., 
Suite 207 
PO Box 2138  
Durango, CO 

 970-769-6152 

NWS  Grand Junction 970-243-7007  

State Engineer’s 
Office 

Matthew J. Gavin 
Dam Safety 
Engineer 

106 Rock Point Dr 
Suite E 
Durango, CO  

970-247-1845 970-769-4197 (C) 
970-946-6863 (H) 

State Engineer’s 
Office 

Rege Leach  
Division Engineer 

106 Rock Point Dr 
Suite E  
Durango, CO  

970-247-1845 970-769-3887 (C) 

State Engineer’s 
Office 

Tom Fiddler 
Water 
Commissioner 

106 Rock Point Dr 
Suite E 
Durango, CO  

970-247-1845 970-769-1930 

State Engineer’s 
Office  

Mark Haynes 
Chief, Dam Safety 
Program 

1313 Sherman St.  
Room 818 
Denver, CO  

303-866-3581 X-
8276 

303-204-6613 

Wright Water 
Engineers 

Peter Foster, P.E.  1666 N. Main  
Suite C 
Durango, CO  

970-259-7411 970-749-0256 

State of Colorado  OEM Golden, CO  303-279-8855  

Colorado Division 
of Wildlife 

 151 E. 16th St.  
Durango, CO  

970-247-0855  

Colorado Division of 
Emergency 
Management 

Patricia Gavelda 9195 East Mineral 
Avenue, #200 
Centennial, CO 

970-247-7674  
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Step 4 Expected Actions 

 
If the Local Emergency Manager receives a 911 call regarding observations of an unusual or emergency 
event at the dam, they should immediately contact the Dam Owner.  After the Dam Owner determines the 
emergency level, the State Dam Safety Engineer should be contacted for technical consultation and the 
following actions should be taken. 
 
Emergency Level 1 – Non-emergency, unusual event; slowly developing: 

 
A. The Dam Owner should inspect the dam.  At a minimum, inspect the full length of the upstream 

slope, crest, downstream toe, and downstream slope.  Also check the reservoir area, abutments, 
and downstream channel for signs of changing conditions.  If increased seepage, erosion, cracking, 
or settlement is observed, immediately report the observed conditions to the State Dam Safety 
Engineer; refer to the emergency level table for guidance in determining the appropriate event 
level for the new condition and recommended actions. 

B. Record all contacts that were made on the Contact Checklist (Appendix B–1).  Record all 
information, observations, and actions taken on the Unusual or Emergency Event Log Form 
(Appendix B–2).  Note the time of changing conditions.  Document the situation with photographs 
and video if possible. 

C. The Dam Owner should contact the State Dam Safety Engineer and Dam Owner’s Engineer and 
request technical staff to investigate the situation and recommend corrective actions. 

 
Emergency Level 2 – Potential dam failure situation; rapidly developing: 

 
A. The Dam Owner should report the situation to the State Dam Safety Engineer and request 

investigation of the situation and recommend corrective actions. 
B. The Dam Owner should contact the Local Emergency Manager to inform him/her that the EAP 

has been activated and, if current conditions get worse, the emergency level may increase and the 
emergency situation may require evacuation.  Preparations should be made for possible road 
closures and evacuations. 

C. Provide updates to the Local Emergency Manager to assist them in making timely decisions 
concerning the need for warnings, road closures, and evacuations. 

D. If time permits, the Dam Owner should inspect the dam.  At a minimum, inspect the full length of 
the upstream slope, crest, downstream toe, and downstream slope.  Also check the reservoir area, 
abutments, and downstream channel for signs of changing conditions.  If piping, increased 
seepage, erosion, cracking, or settlement are observed, immediately report the observed conditions 
to the State Dam Safety Engineer; refer to the emergency level table for guidance in determining 
the appropriate event level for the new condition and recommended actions. 

E. Record all contacts that were made on the Contact Checklist (Appendix B–1). Record all 
information, observations, and actions taken on the Unusual or Emergency Event Log Form 
(Appendix B–2). Note the time of changing conditions. Document the situation with photographs 
and video, if possible. 

F. If time permits, the following emergency remedial actions should be taken as appropriate. 
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Emergency Level 2—Potential dam failure situation; rapidly developing—continued: 

 
Emergency remedial actions 
If time permits, the following emergency remedial actions should be considered for Emergency Level 2 
conditions.  Immediate implementation of these remedial actions may delay, moderate, or prevent the 
failure of the dam.  Several of the listed adverse or unusual conditions may be apparent at the dam at the 
same time, requiring implementation of several modes of remedial actions.  Close monitoring of the dam 
must be maintained to confirm the success of any remedial action taken at the dam.  Time permitting, any 
remedial action should be developed through consultation with the State Dam Safety Engineer.  See 
Resources Available (Appendix A–3) for sources of equipment and materials to assist with remedial 
actions. 

 
Embankment overtopping 

1. Place sandbags along the low areas of the top of the dam to reduce the likelihood of overtopping 
and to safely direct more water through the spillway. 

2. Cover the weak areas of the top of the dam and downstream slope with riprap, sandbags, plastic 
sheets, or other materials to provide erosion-resistant protection. 
 

Seepage and sinkholes 
1. Open outlet(s) to lower the reservoir level as rapidly as possible to a level that stops or decreases 

the seepage to a nonerosive velocity.  If the outlet is damaged, blocked, or of limited capacity, 
pumping or siphoning may be required.  Continue lowering the water level until the seepage stops. 

2. If the entrance to the seepage origination point is observed in the reservoir (possible whirlpool) 
and is accessible, attempt to reduce the flow by plugging the entrance with readily available 
materials, such as hay bales, bentonite, soil or rock fill, or plastic sheeting. 

3. Cover the seepage exit area(s) with several feet of sand/gravel to hold fine-grained embankment or 
foundation materials in place.  Alternatively, construct sandbag or other types of ring dikes around 
seepage exit areas to retain a pool of water, providing backpressure and reducing the erosive 
nature of the seepage. 

4. Prevent vehicles and equipment from driving between the seepage exit points and the embankment 
to avoid potential loss from the collapse of an underground void. 
 

Embankment movement 
1. Open outlet(s) and lower the reservoir to a safe level at a rate commensurate with the urgency and 

severity of the condition of the slide or slump. If the outlet is damaged, blocked, or of limited 
capacity, pumping or siphoning may be required. 

2. Repair settlement of the crest by placing sandbags or earth and rock fill materials in the damaged 
area to restore freeboard. 

3. Stabilize slides on the downstream slope by placing a soil or rock fill buttress against the toe area 
of the slide. 
 

Earthquake 
1. Immediately conduct a general overall visual inspection of the dam. 
2. Perform field survey to determine if there has been any settlement and movement of the dam 

embankment, spillway and low level outlet works. 
3. Drain reservoir if required. 
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Emergency Level 3—Urgent; dam failure is imminent or in progress: 

 
A. The Dam Owner shall immediately contact the Local Emergency Manager and others shown on 

the notification flow chart. 
B. The Local Emergency Manager shall lead the efforts to carry out warnings, close roads, and 

evacuate people at risk downstream from the dam (see Appendix A-1 Inundation Map). 
C. The Local Emergency Manager shall alert the general public and immediately evacuate at-risk 

people and close roads as necessary. 
D. The Dam Owner shall maintain continuous communication and provide the Local Emergency 

Manager with updates of the situation to assist him in making timely decisions concerning 
warnings and evacuations. 

E. The Dam Owner should record all contacts that were made on the Contact Checklist (Appendix 
B–1).  Record all information, observations, and actions taken on the Unusual or Emergency 
Event Log Form (Appendix B–2).  Note the time of changing conditions.  Document the situation 
with photographs and video, if possible. 

F. Advise people monitoring the dam to follow safe procedures.  Everyone should stay away from 
any of the failing structures or slopes and out of the potential breach inundation areas. 
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Step 5 Termination 
 
Whenever the EAP has been activated, an emergency level has been declared, all EAP actions have been 
completed, and the emergency is over, the EAP operations must eventually be terminated and follow-up 
procedures completed. 
 
Termination responsibilities 
 
The Local Emergency Manager is responsible for terminating EAP operations and relaying this decision 
to the Dam Owner.  It is then the responsibility of each person to notify the same group of contacts that he 
or she notified during the original event notification process to inform those people that the event has 
been terminated. 
 
Prior to termination of an Emergency Level 2 or 3 event, the State Dam Safety Engineer will inspect the 
dam or require the inspection of the dam to determine if any hazardous conditions exist that could 
potentially result in loss of life, injury, or property damage.  If it is determined that hazardous conditions 
no longer exist, the State Dam Safety Engineer will advise the Local Emergency Manager to terminate 
EAP operations as described above. 
 
The Dam Owner shall assure that the Dam Emergency Situation Report (Appendix B–3) is completed to 
document the emergency event and all actions that were taken.  The Dam Owner shall distribute copies of 
the completed report. 
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MAINTENANCE – REVIEW, REVISION, AND EXCERCISES 
 
Emergency Action Plans should be considered “Living Documents”.  This means that: (1) They will 
never be complete, (2) They should be reviewed not less than annually, (3) Reviews should include 
participation of the local emergency manager, (4) All updates should be made promptly.  Additionally, 
emergency incidents at dams and/or dam failures are not common events.  Therefore, training and 
exercises are necessary to maintain emergency response readiness, timeliness, and effectiveness.   
 
The EAP therefore requires periodic maintenance to remain current and as useful and effective as 
possible.  The three steps in Maintenance include:  
 
Review 
 
The EAP minimum annual review should include the following: 

 Calling all contacts on the three notification charts in the EAP to verify that the phone numbers 
and persons in the specified positions are current.   

 Contacting the LEM to verify where the EAP is kept and if responsibilities as described in the 
EAP are understood. 

 Calling the locally available resources to verify that the phone numbers, addresses, and services 
are current. 

 Review people at risk information for changes in development within the dam failure flood 
inundation area downstream of the dam. 

 
Revision 
 
The EAP will be revised if any of the contacts, responsibilities, services or service providers, or people at 
risk information has changed.  The Dam Owner is responsible for updating the EAP documents.  The 
EAP document held by the Dam Owner is the master document. When revisions occur, the Dam Owner 
should provide the revised pages and a revised Revision Summary Page to all the EAP document holders.  
The document holders are responsible for revising outdated copy of the respective document(s) whenever 
revisions are received.  Outdated pages shall be immediately discarded to avoid any confusion with the 
revisions. 
 
EAP Exercise 
 
Periodic training and exercises are necessary to help ensure that all dam owner personnel are thoroughly 
familiar with the emergency action plan and their individual roles and responsibilities. 
 
EAP exercising can include: 

 Orientations 
 Phone Drills 
 Table Top Exercises 
 Functional Exercises 

 
As a minimum, owners of high and significant hazard dams should conduct an orientation and a phone 
drill yearly.  The orientation can be a simple meeting where those individuals and entities with a stake in 
the EAP come together to review the roles and responsibilities described in the EAP.  Orientations are 
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especially useful for bringing new staff and/or leadership within any of the various organizations up to 
speed with regard to the components of the EAP. 
 
Phone drills represent the next level of complexity with regard to EAP exercises.  Phone drills can be part 
of the EAP review process to confirm contact information in the notification flow charts.   
 
A comprehensive EAP exercise program should include provisions for table top and functional exercises.  
Tabletop and Functional exercises are typically more complex and are therefore conducted at lower 
frequencies, on the order of about every 6 years.  Owners of high hazard dams should maintain a 
comprehensive exercise program which includes the components listed above.  The program should be 
considered a normal part of the O&M program for the structure with the various exercises planned and 
executed as the owner would perform O&M on the physical components of the dam itself.  
 
Key personnel from State dam safety and local emergency management agencies should be invited to 
participate in any orientation and exercises provided by the dam owner.
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RECORD OF HOLDERS OF THIS EAP 
 

Copy 
Number Organization Name and Address Person(s) Receiving Copy 

1 
Local Emergency Manager (La Plata County) 

1060 E. 2nd Ave., Durango, CO 81301 
Butch Knowlton 
970-385-2900 

970-247-0275 (H) 

2 
Colorado Division of Emergency Management 

15075 S. Golden Rd., Golden, CO 80401 
303-273-1622 (General) 

303-273-1779 (Disaster Officer) 
303-279-8855 (24-hr Emergency)

3 
Dam Safety Engineer, Office of the State Engineer  

160 Rock Point Dr., Durango, CO 81301 
Matthew J. Gavin 

970-247-1845 
 

4 
Wright Water Engineers, Inc.  

1666 N. Main, Suite C, Durango, CO 81301 
Peter Foster 

970-259-7411 (O) 

5 

Florida Canal Company 
1056 Main Ave, Suite 207 

PO Box 2138 
Durango, CO 81301 

970-769-6152 

6 
Florida Canal Company 

10555 Highway 550, Durango, CO 81303 
Justin Catalano 

970-259-7250 (H) 
970-749-9800 (C) 

7 
  

8 
  

9 
  

10 
  

12 
  

13 
  

14 
  

15 
  

16 
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RECORD OF REVISIONS AND UPDATES MADE TO EAP 
 

Revision 
Date Revision(s) Made 
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APPENDIXES: MAPS, SUPPORTING DATA, 
FORMS, & GLOSSARY 

 
Appendix A 
A–1 Inundation Map 
A–2 Location and Vicinity Maps 
A–3 Resources Available 
A–4 Summary of People at Risk 
A–5 Plan and Profile View of Dam 
A–6 Reservoir Elevation Area-Capacity Data 
 
 
Appendix B 
B–1 Contact Checklist 
B–2 Unusual or Emergency Event Log Form 
B–3 Dam Emergency Situation Report Form 
B–4 Glossary of Terms 
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Appendix A-1 
Inundation Map 

 
 
 
 
 
 
 

 
The Pastorius Reservoir Dam Breach Inundation Map was created by Wright Water Engineers, Inc. 
(WWE) in May 2010 to show potential inundation areas resulting from the failure of either the main dam 
or the east dike of Pastorius Reservoir. WWE determined an approximate peak breach flow using the 
MacDonald & Langridge-Monopolis method for a dam failure caused by piping. Input parameters used 
for this determination were acquired from existing Pastorius Reservoir data filed with the Office of the 
State Engineer in Colorado. Specifically, data was acquired from the most current dam safety inspection 
reports, dated March 11, 2009, and a Preliminary Emergency Preparedness Plan, dated November 14, 
2001. 
 
Calculated breach characteristics, in addition to information available in the above-referenced 
documents, such as stage-storage capacity values, dam geometry, etc., were then used to conduct a 
dam break analysis using HEC-HMS 3.4. The dam breach peak flow output by the model compared 
reasonably with the empirically calculated value. 
 
Homes, roads and structures potentially at risk of being affected by flooding from the failure of the 
Pastorius Dam were determined, and cross sections were taken at these locations. Channel geometry 
and reach lengths were assessed from 5-foot contour topography provided by La Plata County and the 
Town of Durango. This data was input into the HEC-HMS model, allowing for an output of a peak flow at 
each critical location. 
 
The HEC-HMS output flows were input into HEC-RAS 4.0 at relevant cross section, and a steady flow 
analysis was performed. The velocity and depth of water at each cross section was computed and the 
width of inundation was determined and delineated. 
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Appendix A-2 
Location and Vicinity Maps 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



FIGURE

P:\061-110\060 Seepage Reduction Program\EAP\Mapping\Location Map.mxd

LA PLATA COUNTY, COLORADO

T 34 N, R 9 W, NMPM
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Reservoir
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LOCATION MAPWRIGHT WATER ENGINEERS, INC.
1666 NORTH MAIN AVE. STE C

DURANGO, CO, 81301
(970) - 259 - 7411 

  



FIGURE

P:\061-110\060 Seepage Reduction Program\EAP\Mapping\Vicinity Map.mxd

LA PLATA COUNTY, COLORADO
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PASTORIUS RESERVOIR - EAP

PROJECT NO.
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VICINITY MAPWRIGHT WATER ENGINEERS, INC.
1666 NORTH MAIN AVE. STE C

DURANGO, CO, 81301
(970) - 259 - 7411  
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Appendix A-3 
Available Resources
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Resources Available 
 
Locally available equipment, labor, and materials: 
 

Heavy equipment service 
and rental Sand and gravel supply Ready-mix concrete supply 

Name: Coopers Construction Co.  Name: C & J Gavel Name: Sky Ute Sand & Gravel 
Address: P.O. Box 2504 Address:27661 Highway 16 Address:4101 CR 222 
                Durango, CO 81302                Durango, CO 81301                Durango, CO 81303 
Phone: 970-259-1009 Phone: 970-385-4112 Phone: 970-385-0609 
   
Name: Brown Bros. Construction Name: Sky Ute Sand & Gravel Name: SandCo 
Address:29012 Highway 160 Address:4101 CR 222 Address: Trimble Lane 
               Durango, CO 81301                Durango, CO 81303                 Durango, CO 81301 
Phone: 970-249-0161 Phone: 970-382-0609 Phone: 970-247-1303 
   

Pumps Diving Contractor Sand Bags 
Name: Target Rental  Name: United Underwater Contr. Name: Basin Co-Op 
Address:989 S. Camino del Rio Address:532 34 Road Address:26103 Highway 160 
               Durango, CO 81301                Clifton, CO 81520                Durango, CO 81301 
Phone: 970-247-0161 Phone: 970-523-1311 Phone: 970-247-3066 
   

Other:  Other:  Other:  
Name:  Name:  Name:  
Address:  Address:  Address:  
   
Phone:  Phone:  Phone:  
 
Other locally available resources: 
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Appendix A-4 
Summary of People/Structures  

At Greatest Risk 
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Summary of People/Structures at Greatest Risk  

Residence/Business Address Phone No. 

Phil McClendon 
4200 County Road 302 

Durango, CO 81303 
970-247-4742 

James & Marlene Cole 
4526 County Road 302 

Durango, CO 81301 
Not Available 

United Dairy Farmers, Inc.  
3955 Montgomery Road  
Cincinnati, OH 45212 

970-247-8463 
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Appendix A-5 
Plan and Profile Views of Dam 











Pastorius Reservoir Emergency Action Plan, DAMID: 300126 and 300142  Revised: Februray 2011 

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A-6 
Reservoir Elevation-Area-Capacity Data 
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Pastorius Reservoir  

Elevation-Area-Capacity  
 

 
Elevation (feet) Volume (acre-feet) Surface Area (acres) 

6844.4 0.0 0.0 

6845.4 0.5 0.1 

6846.4 0.3 0.0 

6847.4 1.5 0.2 

6848.4 7.5 1.1 

6849.4 13.7 2.1 

6850.4 25.0 3.8 

6851.4 37.2 5.6 

6852.4 55.0 8.3 

6853.4 74.3 11.1 

6854.4 100.0 15.0 

6855.4 125.9 18.9 

6856.4 158.0 23.7 

6857.4 190.0 28.5 

6858.4 230.0 34.5 

6859.4 266.4 40.0 

6860.4 305.0 45.8 
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Appendix B-1 
Contact Checklist 
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Contact Checklist 
(to be completed during an emergency) 

 
Dam Name: _____________________________, DAMID: _____________ 
 
________________ County, Colorado       Date ___________ 
 
The following contacts should be made immediately after the emergency level is determined (see pages 
8–11 for guidance to determine the appropriate emergency level for a specific situation).  The person 
making the contacts should initial and record the time of the call and who was notified for each contact 
made.  See the Notification Flowcharts for critical contact information and page 17 for contact 
information for other possible emergency services. 
 
Emergency Level 1 (see page 14)  

 

___ State Dam Safety Engineer  

___ Dam Owner’s Engineer 

___   

Person 

Contacted 

_____________ 

_____________ 

_____________ 

Time 

Contacted 

____________ 

____________ 

____________ 

Contacted 

by 

_________ 

_________ 

_________ 

Emergency Level 2 (see page 15) 

 

___ Local Emergency Manager  

___ State Dam Safety Engineer 

___ Available Resources 

___ 

Person 

Contacted 

____________ 

____________ 

____________ 

____________ 

Time 

Contacted 

____________ 

____________ 

____________ 

____________ 

Contacted 

by 

_________ 

_________ 

_________ 

_________ 

Emergency Level 3 (see page 16) 

 

___ Local Emergency Manager  

___ State Dam Safety Engineer    

___  

___ 

Person 

Contacted 

____________ 

____________ 

____________ 

____________ 

Time 

Contacted 

____________ 

____________ 

____________ 

____________ 

Contacted 

by 

_________ 

_________ 

_________ 

_________ 
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Unusual or Emergency Event Log
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Unusual or Emergency Event Log 
(to be completed during an emergency) 

 
Dam Name: _____________________________, DAMID: _____________ 

________________ County, Colorado       Date ___________ 

 

When and how was the event detected? ___________________________________________________ 

___________________________________________________________________________________ 

Weather Conditions: __________________________________________________________________ 

___________________________________________________________________________________ 

General description of the emergency situation: _____________________________________________  

___________________________________________________________________________________ 

Emergency level determination: ______________ Made by: _________________________________  

 
 
 

ACTIONS AND EVENT PROGRESSION 

 

Date  Time  Action/event progression  Taken by  

    

    

    

    

    

    

    

    

    

    

    

 
Report prepared by: ____________________________________ Date: _______________ 
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Appendix B-3 
Dam Emergency Situation Report 



Pastorius Reservoir Emergency Action Plan, DAMID: 300126 and 300142  Revised: Februray 2011 

   

 

Dam Emergency Situation Report 
(to be completed following the termination of the emergency) 

 
Dam name: ________________________________ State DAMID: ____________________________ 
 
Dam location:  ______________________ 

 
____________County

 
________________________ 

(City) (County) (Stream/River) 

Date:__________________________  Time: ___________________________  

Weather conditions: _____________________________________________________________________ 

 
General description of emergency situation: __________________________________________________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

Area(s) of dam affected: _________________________________________________________________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

Extent of dam damage: __________________________________________________________________  

Possible cause(s): _______________________________________________________________________ 

Effect on dam’s operation: ______________________________________________________________  

Initial reservoir elevation: _______________________  Time: _________________________  

Maximum reservoir elevation: _____________________  Time: _________________________  

Final reservoir elevation: _________________________  Time: _________________________  

Description of area flooded downstream/damages/injuries/loss of life: _____________________________  

______________________________________________________________________________________ 

______________________________________________________________________________________ 

Other data and comments: _______________________________________________________________  

______________________________________________________________________________________ 

Observer’s name and telephone number:_____________________________________________________ 

Report prepared by: ________________________________________ Date: ______________  
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Glossary of Terms 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Pastorius Reservoir Emergency Action Plan, DAMID: 300126 and 300142  Revised: Februray 2011 

   

 

Glossary of Terms 
 

Abutment  That part of the valley side against which the dam is constructed. The 
left and right abutments of dams are defined with the observer 
looking downstream from the dam. 
 

Acre-foot  A unit of volumetric measure that would cover one acre to a depth of 
one foot. One acre-foot is equal to 43,560 cubic feet or 325,850 
gallons. 
 

Boil  A disruption of the soil surface due to water discharging from below 
the surface. Eroded soil may be deposited in the form of a ring 
(miniature volcano) around the disruption. 
 

Breach  An opening through the dam that allows draining of the reservoir. A 
controlled breach is an intentionally constructed opening. An 
uncontrolled breach is an unintended failure of the dam. 
 

Conduit  A closed channel (round pipe or rectangular box) that conveys water 
through, around, or under the dam. 
 

Control section A usually level segment in the profile of an open channel spillway 
above which water in the reservoir discharges through the spillway. 
 

Cross section  A slice through the dam or portion thereof showing elevation 
vertically and direction of natural water flow horizontally.  Also a 
slice through a spillway showing elevation vertically and left and 
right sides of the spillway looking downstream. 
 

Dam  A man-made barrier, together with appurtenant structures, 
constructed above the natural surface of the ground for the purpose of 
impounding water. 
 

Dam failure  The uncontrolled release of a dam’s impounded water. 
 

Dam Owner  Any person, private or non-profit company, special district, federal, 
state, or local government agency, or any other entity in direct routine 
control of a dam and reservoir, and/or directly involved in the 
physical operation and maintenance of a dam, or proposes to 
construct a dam. 
  

Drain, toe or foundation, or 
blanket 

A internal water collection system of sand and gravel and typically 
pipes along the downstream portion of the dam to collect seepage and 
convey it to a safe outlet. 
 

Drainage area (watershed)  The geographic area onto which rainfall ultimately flows to the dam. 
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Drawdown  The lowering or releasing of the water level in a reservoir over time 
or the volume lowered or released over a particular period of time. 

 
Emergency  A condition that develops unexpectedly, endangers the structural 

integrity of the dam and/or downstream human life and property, and 
requires immediate action.  
 

Emergency Action Plan 
(EAP)  

A written document prepared by the dam owner, describing a detailed 
plan of actions for response to emergency or unusual events, 
including alerting and warning emergency officials in the event of a 
potential or imminent dam failure or other emergency related to the 
safety of the dam and public. 
 

Engineer A Professional Engineer registered and licensed in Colorado in 
accordance with section 12-25-101, C.R.S. The Engineer must be 
sufficiently qualified and experienced in the design, construction, and 
safety evaluation of the type of dam under consideration. 
 

Filter  Those layers of sand and gravel in an internal drain that allow 
seepage through an embankment to discharge into the drain without 
eroding the embankment soil.  
 

Freeboard  The vertical dimension between the crest (or invert) of the emergency 
spillway and the crest of the dam.  
 

Groin  That area along the intersection of the face of a dam and the 
abutment. 
 

Hazard Classification  The placement of a dam into one of four categories (High, 
Significant, Low, No Public Hazard) based on the hazard potential 
derived from an evaluation of the probable incremental adverse 
consequences due to failure or improper operation of the dam. 
 

Instrumentation  An arrangement of devices installed into or near dams that provide 
measurements to evaluate the structural behavior and other 
performance parameters of the dam and appurtenant structures.  

Inundation Map  A map depicting the area downstream from a dam that would 
reasonably be expected to be flooded in the event of a failure of the 
dam. 
 

Local Emergency Manager Person(s) responsible for developing, organizing and exercising a 
community’s emergency operations plan.  Typically City Police or 
Fire Department or County Sheriff’s Department personnel act as the 
Local Emergency Manager. 
 

Notification  To immediately inform appropriate individuals, organizations, or 
agencies about a potentially emergency situation so they can initiate 
appropriate actions.  
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Outlet  

 
A conduit (usually regulated by gates or valves) used for controlled or 
regulated releases of impounded water from the reservoir.  
 

Piping  The progressive destruction of an embankment or embankment 
foundation by internal erosion of the soil by seepage flows.  
 

Reservoir  A body of water impounded by a dam.  
 

Seepage  The natural movement of water through the embankment, foundation, or 
abutments of the dam.  
 

Slide  The movement of a mass of earth down a slope on the embankment or 
abutment of the dam.  
 

Spillway  An appurtenant structure that conducts overflows from a reservoir. 

Spillway (Principal or 
Service)  

The overflow structure designed to limit or control the operating level of 
a reservoir, and first to be activated in runoff conditions. 

Spillway (Emergency) The appurtenant structure designed to pass the Inflow Design Flood in 
conjunction with the routing capacity of the reservoir and any principal or 
service spillway(s). 
 

Spillway crest  The elevation of the floor of a spillway, grade control structure, or ogee 
crest above which spillway flow begins. 
 

State Dam Safety 
Engineer 

For purposes of this EAP, Division of Water Resources Division or local 
field office engineer responsible for safety inspections and determining 
the safe reservoir storage level of assigned dams. 
 

Toe of dam  The junction of the upstream or downstream face of an embankment with 
the ground surface.  
 

Top of dam (crest of 
dam)  

The elevation of the uppermost surface of an embankment which can 
safely impound water behind the dam.  
 

 





 
Wright  Water  Engineers,  Inc. 
2490 West 26th Ave., Suite 100A   www.wrightwater.com 
Denver, Colorado 80211 e-mail:  sclark@wrightwater.com 
(303) 480-1700 TEL 
(303) 480-1020 FAX 
 

February 11, 2011 
 

Via Email (ppage@uc.usbr.gov)         
 
Mr. Pat Page, Chief, Water Management Group     
Western Colorado Area Office 
Bureau of Reclamation 
835 E. 2nd Ave Ste #300 
Durango, CO 81301 
 
Re:  Vegetation Habitat Assessment 

Proposed Florida Farmers Ditch Lining Project, La Plata County, Colorado 
 
Dear Mr. Page: 
 
As you are aware, portions of the Florida Farmers Ditch (Ditch), located between County Roads 
(CR) 234 and 236 east of the city limits of Durango, in La Plata County, Colorado (See Figure 1) 
experience seepage and are proposed to be lined (Project).  In this letter report Wright Water 
Engineers, Inc. (WWE) identifies the 1) vegetation habitats in the vicinity of the Project and 
associated hydrology; 2) possible negative impacts of Ditch lining on the identified vegetation 
habitats; and 3) perceived significance of any potential negative impacts.    

METHODOLOGY 

WWE conducted a field study of the Project area on November 17-18, 2010 to identify existing 
vegetation habitat types and associated hydrology, each habitat’s potential reliance on Ditch 
seepage, and potential impacts that may result from the Project.  Where potential negative 
impacts were identified for a particular vegetation habitat type, WWE reviewed the federal list of 
special status species for La Plata County to assess the likely occurrence of any listed species in 
the negatively impacted habitat.   

ENVIRONMENTAL SETTING 

The approximately two-mile long Project area extends from the Florida River valley adjacent to 
CR 234, up the Florida Mesa hillside, and through irrigated fields on top of the Florida Mesa to 
CR 236.  Elevations range from 7,000’ to 7,200’ above sea level. 

Observed Vegetation Habitats 

Table 1 below describes the observed vegetation habitats in the vicinity of the Ditch. 
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Table 1. Observed Habitats 

Habitat 
Location Within 

Project Area 
Brief Habitat Description 

Colorado Plateau 
Pinon-Juniper 

Woodland 
Hills and ridges 

Tree canopy – Utah juniper (Juniperus osteosperma), 
rocky mountain juniper (Juniper scopulorum), pinon pine 
(Pinus edulis); Shrub layer – big sagebrush (Artemisia 
tridentata), mountain mahogany (Cercocarpus montanus), 
gambel oak (Quercus gambelii), antelope bitterbrush 
(Purshia tridentata), rabbitbrush (Ericameria nauseosa); 
Herbaceous layer – Indian rice grass (Achnatherum 
hymenoides), western wheat grass (Pascopyrum smithii), 
smooth brome (Bromus inermis), buckwheat (Eriogonum 
sp.), aster (Aster sp.), and heterotheca (Heterotheca sp.) 
potentially Knowlton’s cactus (Endangered Species) 

Rocky Mountain 
Ponderosa Pine 

Woodland 
 

Exposed terrain, either 
in association with 
Colorado Plateau 

Pinon-Juniper 
Woodland, or in 
isolated stands 

Tree canopy – ponderosa pine (Pinus ponderosa); Woody 
understory – ponderosa pine saplings, rocky mountain 
juniper, Utah juniper, pinon pine, gambel oak, antelope 
bitterbrush, wild crabapple (Peraphyllum ramoisissimum), 
mountain mahogany, mountain snowberry 
(Symphoricarpos oreophilus); Herbaceous layer – various 
grasses and forbs 

Rabbitbrush 
Shrubland and 

Grassland 

Cleared, dry shelves 
on woodland fringes 

Shrub layer – rabbitbrush, big sagebrush, rose (Rosa sp.); 
Herbaceous layer – indian rice grass, crested wheat grass, 
western wheat grass, broom snakeweed (Gutierrezia 
sarothrae), smooth brome, sweet clover (Melilotus sp.), 
stipa (Stipa sp.),lamb’s ear (Verbascum Thapsus),  

Riparian – 
Palustrine 
Emergent 

Vegetation 

Interior Ditch banks* 

Herbaceous layer – spotty patches of reed canary grass 
(Phalaris arundinacea), Baltic rush (Juncus balticus), 
cinnamon-leaved willow herb (Epilobium sp.), red top 
(Agrostis sp.), dock (Rumex sp.) 

Riparian – 
Palustrine Scrub-
Shrub Vegetation 

Exterior Ditch Banks* 

Tree layer – spotty cottonwood (Populus sp.); Shrub layer 
–spotty  willows (Salix sp.); Herbaceous layer – spotty 
reed canary grass, Baltic rush, cinnamon-leaved willow 
herb, red top, dock 

Cottonwoods 
with Primarily 

Upland 
Understory 

Ephemeral drainages 
and slopes 

surrounding Ditch 

Tree layer – few mature cottonwood; Woody understory – 
ponderosa pine, pinon pine, Utah juniper, rocky mountain 
juniper; Shrub layer – spotty willows, gambel oak, 
antelope bitterbrush, roses, snowberry; Herbaceous layer – 
upland grasses and forbs 

Steep Slope – 
Predominantly 

Barren with 
Erosion 

Steep slopes up-
gradient of Ditch 

Herbaceous layer - Minimal grasses and forbs, mostly 
barren 

Agricultural 
Irrigated Land 

Irrigated fields 
surrounding Ditch 

Herbaceous layer – hayfield grasses  

Disturbed land 
Adjacent to Ditch and 

maintenance road 
Herbaceous layer – spotty grasses and forbs including 
invasive species 

*Please note that the Ditch is annually maintained for vegetation growth with herbicides. 
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Observed Hydrology 

The northern portion of the Ditch lining project between CR 234 and CR 237 is characterized by 
steep slopes up-gradient of the Ditch. Surface runoff, from both intermittent and year round 
channels, and irrigation ditch seepage from up-gradient canals may be contributors to the 
vegetation in the vicinity of the Ditch.  East and down-gradient of the Ditch, slopes are gradual 
down to CR 234.  Irrigation practices in the Florida River Valley and road runoff may be 
significant hydrology factors to the vegetation communities in the vicinity of the Ditch. 
 
Further south, and out of the Florida River Valley, slopes continue to be steep up-gradient of the 
Ditch with intermittent channels culverted beneath the Ditch.  A flat shelf is present on the 
down-gradient (east) side of the ditch.  Several incised, ephemeral drainages are present that 
bisect the flat shelf. These drainages appear to have historically conveyed irrigation return flows 
down-gradient towards the Florida River Valley.  Irrigation return flows and surface runoff may 
be significant contributing sources of water for vegetation communities in the vicinity of the 
Ditch. 
 
The southernmost portion of the Ditch is bounded on both sides by relatively flat irrigated fields.  
Irrigation return flows appear to contribute to the vegetation communities in the vicinity of the 
Ditch. 

Possible Negative Impacts to Vegetation Habitats 

The Project area is divided into five segments based on the predominant vegetation habitats 
identified in each segment (see attached Habitat Assessment figures). Table 2 (attached) 
describes the surface drainage, vegetation habitats identified in each segment, potential impacts 
to the vegetation habitats, and the significance of the impacts.   
 
Aside from the Ditch and irrigated fields, the majority of the identified habitat types are typical 
of the area, do not appear to have been modified by up-gradient irrigation or Ditch seepage, and 
should not be impacted by the lining.  It is worth noting that slopes below the previously lined 
Ditch adjacent to the Payne Canyon Siphon, as well as the area in the vicinity of the  landslide, 
are well vegetated and are vegetated similarly to the surrounding area. Historic water conveyance 
or seepage, or up-gradient irrigation appear to have modified the following vegetation habitats:  
Riparian-Palustrine Scrub-Shrub, Riparian-Palustrine Emergent Vegetation, and Cottonwoods 
with Upland Understory.   Lining of the Florida Farmers Ditch could have potential negative 
impacts on these habitat types.   

Possible Negative Impacts and their Perceived Significance 

Riparian-Palustrine Scrub-Shrub and Riparian-Palustrine Emergent Vegetation:  Historic 
irrigation practices up-gradient of the Ditch appear to have formed pockets of riparian scrub-
shrub vegetation on the up-gradient slope of the Ditch.  Additionally, sparse riparian emergent 
vegetation has formed at the Ditch waterline.  The riparian vegetation adjacent to the Ditch has 
sparse coverage and lacks diversity due to annual herbicidal control.  Both of these habitat types, 
based on diversity and species composition, are not generally associated with exceedingly high-
value habitats. Lining could have minor direct impacts on the riparian vegetation.  It is important 



Mr. Pat Page 
February 11, 2011 
Page 4 
 
to note that the sparse vegetative coverage is not dense enough to provide habitat for special 
status species that require densely vegetated riparian corridors. Furthermore, it is likely that 
minimal riparian vegetation may re-establish after Ditch lining activities are complete.   
 
Cottonwoods with Primary Upland Understory:  This habitat type is found in deeply incised 
drainages that originate up- and down-gradient of the Ditch and maintenance road.  It appears 
that up-gradient irrigation practices and natural surface drainage formed this habitat type prior to 
the construction of the Ditch.  Following construction, the Ditch has intercepted this water, or 
culverts and flumes have conveyed it down-gradient of the Ditch.  In either case, the Project 
should not impact this habitat type.  Within the Project area, this habitat appears unlikely to 
contain listed special status species.    

CONCLUSION  

The majority of the vegetation communities in the vicinity of the Project are typical of the area 
and do not appear to have been modified by up-gradient irrigation, Ditch seepage, or previous 
Ditch lining. These vegetation communities should not be impacted by Ditch lining.  Multiple 
sources of water including historic water conveyance or seepage, or up-gradient irrigation appear 
to have modified the following vegetation habitats:  Riparian-Palustrine Scrub-Shrub, Riparian-
Palustrine Emergent Vegetation, and Cottonwoods with Upland Understory. Based on our 
assessment, Ditch lining is expected to have minimal negative impacts on the Riparian 
vegetation communities associated with the Ditch.  Based on the ecological value of Riparian 
habitat, Ditch lining impacts are perceived to be of minor significance. 
 
     Sincerely, 
 
 
     By ____________________________ 
          Samantha R. Clark 
          Senior Wetland and Environmental Scientist 
 

 By  ______________________________ 
 Warren C. Rider 
 Watershed Scientist 
 
 
 
Attachments: Location Map 

Habitat Assessment Figures 
Table 2  

 

 
P:\061-110\060 Seepage Reduction Program\NEPA Submittal\Red Dot\Draft Vegetation Document_wcr bp edits.docx 



!! 8

!! 8

4

2
31

5

FLORIDA CANAL HEADGATE

FLORIDA FARMERS DITCH HEADGATE

/

0 1
Mile

1 inch = 1 mile

Legend

Project Area

Ditch Segment Boundary

Proposed Reach for Ditch Lining

Florida Mesa Ditch System

!!8 Point of Diversion

1666 N MAIN AVE STE C
DURANGO, CO. 81301

(970) 259-7411

WRIGHT WATER ENGINEERS, INC. FIGURE
1

P:\061-110\060 Seepage Reduction Program\Mapping\Habitat Figures\Fig 1 - Location Map.mxd

Project No.

061-110.060

Ditch alignments were provided by the San Juan RC&D Office of the USDA, Durango, Colorado.

HABITAT ASSESSMENT - LOCATION MAP

FLORIDA MESA CANAL COMPANIES’ WATER LOSS REDUCTION PROJECT

LA PLATA COUNTY, COLORADO



Florida Farm
ers Ditch

2

2

5

5

3

6
5

6

5

5

3

5

5

1

0

3

3

3

4

5

5

5

4

Florida Farmers Ditch

CR 234

C
R

 2
37

7160

7080

7100

7120

72
40

7260

7140

7180

7060

7200

7280

7220

7120

7080

7220

7180

72
20

7140

7220

7140

7200

7100

7240

7080

7160

71
6

0

72
80

7080

7160

7080

7120

7160

7140

7180

7160

7200

7080

71
80

7120

7240

7200

7080

7 2
0

0

/

0 200
Feet

1 inch = 200 feet

1666 N MAIN AVE STE C
DURANGO, CO. 81301

(970) 259-7411

WRIGHT WATER ENGINEERS, INC. SEGMENT
1

P:\061-110\060 Seepage Reduction Program\Mapping\Habitat Figures\Segment 1.mxd

HABITAT ASSESSMENT - DITCH SEGMENT 1
Project No.

061-110.060
FLORIDA MESA CANAL COMPANIES’ WATER LOSS REDUCTION PROJECT

LA PLATA COUNTY, COLORADO

Legend

Drainage

20 Ft contour interval

Florida Farmers Ditch

Previously Lined or Piped Section

Section Proposed for Lining

Habitat Delineation

1, Colorado Plateau Piñon-Juniper Woodland

2, Rocky Mountain Ponderosa Pine Woodland

3, Inter-Mountain Basin Big Sage Brush and Rabbit Brush Shrubland

4, Riparian - Palustrine Emergent Vegetation

5, Riparian - Palustrine Scrub-Shrub Vegetation

6, Cottonwoods with Primarily Upland Understory

7, Steep Slope - Predominantly Barren with Erosion

8, Agricultural Irrigated Land

9, Disturbed Vegetation

Ditch Segment Boundary



2

3

2

8

5

6

3

6

7

3

6

5

6

1

5

5

3

3

2

1

5

5

5

1

5

Florida Farmers Ditch

CR 234

CR 237

7060

7080

7100

71
20

7040

7180

7160

7200

7140

7220

7020

7240

7260

71
40

7160

70
60

71
4

0

71
8

0

70
4

0

7060

7160

71
20

71
6

0

71
60

7160

70
40

7140

7040

71
6

0

7180

7200

7040

7200

/

0 200
Feet

1 inch = 200 feet

1666 N MAIN AVE STE C
DURANGO, CO. 81301

(970) 259-7411

WRIGHT WATER ENGINEERS, INC. SEGMENT
2

P:\061-110\060 Seepage Reduction Program\Mapping\Habitat Figures\Segment 2.mxd

HABITAT ASSESSMENT - DITCH SEGMENT 2
Project No.

061-110.060
FLORIDA MESA CANAL COMPANIES’ WATER LOSS REDUCTION PROJECT

LA PLATA COUNTY, COLORADO

Legend

Drainage

20 Ft contour interval

Florida Farmers Ditch

Previously Lined or Piped Section

Section Proposed for Lining

Habitat Delineation

1, Colorado Plateau Piñon-Juniper Woodland

2, Rocky Mountain Ponderosa Pine Woodland

3, Inter-Mountain Basin Big Sage Brush and Rabbit Brush Shrubland

4, Riparian - Palustrine Emergent Vegetation

5, Riparian - Palustrine Scrub-Shrub Vegetation

6, Cottonwoods with Primarily Upland Understory

7, Steep Slope - Predominantly Barren with Erosion

8, Agricultural Irrigated Land

9, Disturbed Vegetation

Ditch Segment Boundary



8

2

3

2 8

6

2

5

39

6
3

5

7

0

0

4

4

Florida Farmers Ditch

C
R

 2
34

7040

7020

710
0

7120

7060

7140

7080

70
0

0

7160 71
80

70
40

71
60

7020

70
20

7160

7060

7180

7080

7040

71
4

0

7180

70
2

0

7160

70
80

7080

7080

7160

7160

7120

7060

70
6

0

7020

70
8

0

7160

71
00

7060

70
6

0

70
60

710
0

7000

7160

/

0 200
Feet

1 inch = 200 feet

1666 N MAIN AVE STE C
DURANGO, CO. 81301

(970) 259-7411

WRIGHT WATER ENGINEERS, INC. SEGMENT
3

P:\061-110\060 Seepage Reduction Program\Mapping\Habitat Figures\Segment 3.mxd

HABITAT ASSESSMENT - DITCH SEGMENT 3
Project No.

061-110.060
FLORIDA MESA CANAL COMPANIES’ WATER LOSS REDUCTION PROJECT

LA PLATA COUNTY, COLORADO

Legend

Drainage

20 Ft contour interval

Florida Farmers Ditch

Previously Lined or Piped Section

Section Proposed for Lining

Habitat Delineation
1, Colorado Plateau Piñon-Juniper Woodland

2, Rocky Mountain Ponderosa Pine Woodland

3, Inter-Mountain Basin Big Sage Brush and Rabbit Brush Shrubland

4, Riparian - Palustrine Emergent Vegetation

5, Riparian - Palustrine Scrub-Shrub Vegetation

6, Cottonwoods with Primarily Upland Understory

7, Steep Slope - Predominantly Barren with Erosion

8, Agricultural Irrigated Land

9, Disturbed Vegetation

Ditch Segment Boundary



8

2

2

8

3

3

3

6

9

3

6

2

3

6

3

6

6

0

7

0

0

5
1

4

5

0

0

0

4

6

0

5

0

4

5

4

4

0

4

0

4

4

5

4
4

8

Florida Farmers Ditch

CR 225

CR 234

7060

70
80

70
20

70
00

7100

7120

6980

7040

6960

7140

7160

7180

6940

72007220

7060

7140

69
40

71
6

0

7140

6980

71
40

71
2

07060
70

8
0

71
20

7080

70
00

7140

7080

71
40

7080

69
80

70
80

7160

7020
70

8
0

7120

7080

69
60

7040

7020

7000

7040

7100

71
2

0

7140

7140

7160

/

0 300
Feet

1 inch = 300 feet

1666 N MAIN AVE STE C
DURANGO, CO. 81301

(970) 259-7411

WRIGHT WATER ENGINEERS, INC. SEGMENT
4

P:\061-110\060 Seepage Reduction Program\Mapping\Habitat Figures\Segment 4.mxd

HABITAT ASSESSMENT - DITCH SEGMENT 4
Project No.

061-110.060
FLORIDA MESA CANAL COMPANIES’ WATER LOSS REDUCTION PROJECT

LA PLATA COUNTY, COLORADO

Legend

Drainage

20 Ft contour interval

Florida Farmers Ditch

Previously Lined or Piped Section

Section Proposed for Lining

Habitat Delineation
1, Colorado Plateau Piñon-Juniper Woodland

2, Rocky Mountain Ponderosa Pine Woodland

3, Inter-Mountain Basin Big Sage Brush and Rabbit Brush Shrubland

4, Riparian - Palustrine Emergent Vegetation

5, Riparian - Palustrine Scrub-Shrub Vegetation

6, Cottonwoods with Primarily Upland Understory

7, Steep Slope - Predominantly Barren with Erosion

8, Agricultural Irrigated Land

9, Disturbed Vegetation

Ditch Segment Boundary



8

8

8

2

3

3

5

1

1

5

0

0

0

0

4
4

4
4

0

5

5

0

4

4

Florida Farmers Ditch

C
R

 2
3

6

7060

7080

70
40

70
20

70
00

6960

6980

7100

6940

69
40

7060

7060

70
80

7060

7060

7060

7060

7060

7080

69
80

/

0 200
Feet

1 inch = 200 feet

1666 N MAIN AVE STE C
DURANGO, CO. 81301

(970) 259-7411

WRIGHT WATER ENGINEERS, INC. SEGMENT
5

P:\061-110\060 Seepage Reduction Program\Mapping\Habitat Figures\Segment 5.mxd

HABITAT ASSESSMENT - DITCH SEGMENT 5
Project No.

061-110.060
FLORIDA MESA CANAL COMPANIES’ WATER LOSS REDUCTION PROJECT

LA PLATA COUNTY, COLORADO

Legend

Drainage

20 Ft contour interval

Florida Farmers Ditch

Previously Lined or Piped Section

Section Proposed for Lining

Habitat Delineation
1, Colorado Plateau Piñon-Juniper Woodland

2, Rocky Mountain Ponderosa Pine Woodland

3, Inter-Mountain Basin Big Sage Brush and Rabbit Brush Shrubland

4, Riparian - Palustrine Emergent Vegetation

5, Riparian - Palustrine Scrub-Shrub Vegetation

6, Cottonwoods with Primarily Upland Understory

7, Steep Slope - Predominantly Barren with Erosion

8, Agricultural Irrigated Land

9, Disturbed Vegetation

Ditch Segment Boundary



 
 
 

Table 2 
Florida Canal Companies – NEPA Submittal  

Vegetation Habitats Identified by Segment, Potential Impacts, and Significance of Impacts 

*Riparian vegetation directly associated with ditch is not permanent and is controlled annually with herbicides. 

Segment 
Surface 

Drainage 
Ditch Habitat 

Habitat 
Upgradient of 

Ditch 

Habitat 
Downgradient of 

Ditch 

Potential Impacts 
from Ditch Lining? 

Significance of 
impact 

1 

Steep slope 
from west 
east towards 
Ditch, 
gradual slope 
down to CR 
234 

Spotty riparian 
palustrine 
emergent 
vegetation at 
waterline*;  
pockets of riparian 
scrub-shrub 
vegetation on 
upgradient  bank 
from irrigation 
water return flows 

Ponderosa pine 
woodland, one 
drainage flows 
toward the Ditch 
surrounded by 
cottonwoods 
with upland 
understory, one 
additional pocket 
of cottonwoods 
with upland 
understory 

Pockets of 
palustrine, scrub-
shrub vegetation 
connected by a ditch 
with palustrine 
emergent vegetation 
at the base of CR 
234 and pinon-
juniper woodland 

Yes – riparian 
vegetation associated 
with the Ditch*; No -  
remainder of 
upgradient and 
downgradient habitat – 
riparian vegetation 
adjacent to CR 234 
appear to be supported 
by road runoff, 
irrigation in the valley, 
and the Florida River 
alluvium 

Not significant -
minor impact to 
spotty riparian 
vegetation not dense 
enough to provide 
special status species 
habitat, may re-
establish after Ditch 
lining 

2 

Steep slope 
from west 
east towards 
Ditch, 
primarily flat 
shelf east of 
ditch 

Riparian scrub-
shrub vegetation 
on upgradient  
bank from 
irrigation water 
return flows 

Ponderosa pine 
woodland, two 
drainages flow 
toward the Ditch 
surrounded by 
cottonwoods 
with upland 
understory, 
eastern drainage 
is conveyed via a 
culvert under the 
Ditch 

Primarily 
rabbitbrush 
shrubland/grassland 
and pinon-juniper 
woodland 

Yes – riparian 
vegetation associated 
with the Ditch*; No -  
remainder of 
upgradient  and 
downgradient  habitat 

Not significant -
minor impact to 
spotty riparian 
vegetation not dense 
enough to provide 
special status species 
habitat, may re-
establish after Ditch 
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with the Ditch*; No – 
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Primarily flat 
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gradient west 
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Florida Farmers Ditch Lining Well Impact Analysis 

1.0 INTRODUCTION 

The Florida Farmers Ditch is located approximately five miles east of Durango, in La Plata 

County, Colorado (See Figure 1).  It is one of several ditches that comprise the Florida Canal 

system, which also include the Florida Canal, Florida Canal Enlargement, and Florida 

Cooperative Canals.  The Florida Canal system experiences losses from seepage and to better 

conserve water, the owners periodically identify ditch reaches that experience heavy seepage 

losses and complete repairs, lining, piping, or other maintenance that may be necessary.  A grant 

was received from the Colorado Water Conservation Board (CWCB) for selection, preliminary 

environmental permitting and engineering design for ditch lining. 

A reach of the Florida Farmers Ditch, identified in the Florida Mesa Ditch Loss Study (2010), 

experiences significant ditch loss and has been proposed for lining.  This ditch reach is herein 

referred to as the Proposed Lined Reach and is shown in detail on Figures 2 through 4.   

Concerns regarding potential impacts to groundwater source supplies in the vicinity of the ditch 

lining were raised by the CWCB during initial grant application review.  As a result, Wright 

Water Engineers, Inc (WWE) has prepared this well impact analysis to assess potential impacts 

to groundwater source supplies resulting from the proposed ditch lining.  A database of well 

permit locations was provided by the State Engineer’s Office and wells in proximity to the 

Proposed Line Reach were included in this analysis. 

This report is organized to first present a general discussion of the soils and geology predominant 

along the Proposed Lined Reach.  The next section then discusses the Proposed Lined Reach, by 

segment, from the valley floor in the alluvium, along the canyon wall across the unconsolidated 

alluvial terraces, to the top of the Florida Mesa which is predominantly clay loam soil.  This 

section of the report specifically assesses the relationship of the surrounding wells to the ditch 

seepage.  Finally, conclusions are provided. 
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2.0 SOILS 

Soils through the Proposed Lined Reach of the Florida Farmers Ditch range in permeability from 

slow to moderate (0.1 to 2.0 inches per hour).  Moderately permeable soils exist as the Proposed 

Lined Reach climbs out of the Florida River valley, traversing steep slopes, and slower 

permeability soils are typically found in the lower reaches of the ditch as it flows on top of 

Florida Mesa.  The soils encountered through the Proposed Lined Reach are also discussed in the 

Ditch Loss Study: 

Hesperus Loam, 3-12 percent slopes.  Permeability of the Hesperus Loam is moderate 

and ranges from 0.6 to 2 inches per hour.  Significant ditch loss can be expected in areas 

where the canals cross over the Hesperus loam for a long distance.  This was evident in 

the ditch loss measurements of the Florida Farmers Ditch, where the most significant loss  

occurred between the ditch’s departure from the alluvial deposits to Payne Canyon 

siphon, which crosses over this soil type (See Figure 2). 

Ustic Torrierthents-Ustollic Haplargids complex.  Permeability of the Ustic 

Torriorthents - Ustollic Haplargids complex varies depending on the texture of the parent 

material, but ranges from 0.6 to 2 inches per hour.  Significant ditch losses have been 

measured in ditch reaches that overlie the Ustic Torrierthents-Ustollic Haplargids 

complex.  The reach below the Payne Canyon siphon contains soils of the Ustic 

Torrierthents-Ustollic Haplargids complex, and this is an area that has been identified by 

the ditch riders of the Florida Canal Companies as an area of known ditch loss (See 

Figure 2).   

Falfa clay loam, 1 to 3 percent slopes and Falfa clay loam, 3 to 8 percent slopes.  

Permeability of the Falfa soil is slow and ranges from 0.1 to 0.6 inches per hour.  

Significant ditch losses are not anticipated in sections of ditch that overlie the Falfa clay 

loam.  Loss measurements of ditch reaches that predominately overlie the Falfa clay loam 

were among the lowest losses observed in the study.   
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3.0 GEOLOGY 

Geologic units along the Proposed Lined Reach are comprised of consolidated rocks of 

Cretaceous and Tertiary age and unconsolidated sediments of Quaternary age (Figure 3).  

Cretaceous rocks crop out in a series of northeast-southwest-trending hogback ridges and 

intervening valleys along the northern margin of the Proposed Lined Reach and dip southward 

into the northern rim of the San Juan Basin (Robson and Wright 1995).   

The Animas Formation is the primary bedrock unit underlying most of the Proposed Lined 

Reach.  The Animas Formation gently dips to the south and is a commonly tapped aquifer on the 

Florida Mesa. 

Unconsolidated sediments consisting of cobbles, gravel, sand, silt, and clay are present on 

numerous terraces formed by the ancestral Florida River.  Geologic mapping shows terrace 

alluvium units Qt2 and Qt3 along the eastern margin of the Florida Mesa (See Figure 3).  These 

alluvium units are comprised of small boulders, cobbles, gravel, sand, silt, and loess.  Cobble-

sized clasts range from 3 to 9 inches in diameter (Carroll and others 1999).  The Florida Farmers 

Ditch was constructed on these terrace alluvium deposits for more than 5,600 feet as the canal 

transitions from the Florida River valley to the Florida Mesa.  The boulders and cobbles in the 

terrace alluvial deposits can create high permeability conditions and can contribute to the 

development of cavities in the subsurface and slope failure of the canal embankment (Sundale 

Associates, Inc. 1995).  These conditions contribute to high seepage losses. 

4.0 WELLS 

Figures 2 through 4 show the location of the Proposed Lined Reach within the Florida Farmers 

Ditch. In general, the Proposed Lined Reach parallels the west edge of the Florida River canyon 

as the ditch traverses the valley wall toward Florida Mesa. The segment of ditch from the Florida 

Farmers Ditch headgate to where lining is to begin is underlain by alluvial sands and gravels and 

is subject to high groundwater conditions associated with the Florida River valley floor. For this 

reason, this segment is not proposed for ditch lining. The Proposed Lined Reach is anticipated to 

begin at a point where the ditch begins to traverse the valley walls.  From this point to the 
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beginning of the Payne Canyon siphon, the ditch was constructed using local material overlying 

bedrock.  

Surrounding wells in this area include well permit nos. 201054, 159156-A and 71241. Well 

permit nos. 159156 and 201054 are completed in, or have perforations within the Florida River 

alluvium. Recharge of the alluvium is primarily from direct precipitation and losses from the 

Florida River stream flow.  The Florida River stream flows provides a constant sources of 

recharge to the wells and lining of the ditch should not impact water production in the alluvial 

wells.  

Another well near this reach, permit no. 71241, is constructed in a bedrock formation, based on 

the well construction records. The direction of groundwater flow in the bedrock formation at the 

outcrop is controlled by the steep dip angle of the formation, which is about 60 degrees toward 

southeast in this area. Consequently, leakage from the ditch in this area would also flow toward 

the southeast. Permit no. 71241 is located to the northwest of the ditch. Therefore, due to its 

location, relative to the ditch, this well is not believed to have benefited from ditch seepage and 

should not be impacted by the lining of the ditch. 

Additional wells identified in his reach include permit nos. 262378, 68312, 253208, 54795, and 

176428. All of these wells are located on the opposite side of the Florida River relative to the 

Proposed Lined Reach and would not be impacted by lining of the Florida Farmers Ditch due to 

the primary recharge source being the Florida River stream flow. 

Well permit no. 163051-A is located just a short distance to the east of the Payne Canyon Siphon 

and well permit nos. 61014 and 163085 sit just west the siphon. These wells have been 

interpreted as being completed in the Animas Formation based on the available well construction 

records. Due to the presence of the existing siphon combined with the depth of the perforated 

intervals below a layer of shale within the Animas Formation, these wells are not believed to 

have benefited from nearby ditch seepage, and would therefore not be impacted by the proposed 

ditch lining. Recharge to Animas Formation in this area is more likely dominated by vertical 

infiltration to the aquifer from precipitation and irrigation in nearby irrigated fields. 
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The Florida Farmers Ditch from the Payne Canyon Siphon to the top of Florida Mesa (Figures 2-

3) was constructed primarily on Hesperus Loam and Ustic Torrierthents-Ustollic Haplargids 

complex soils underlain by unconsolidated terrace alluvium (Figure 2-3).  Ditch leakage in this 

reach is significant because of the unconsolidated terrace sands and gravels. Field observations 

of the Proposed Lined Reach and evaluation of mapped soils and geology reveals the greatest 

potential seepage losses occur where the unconsolidated materials (i.e., fan deposits, landslide 

materials, terrace gravels, etc.) underlie the ditch (Figure 3).  In those locations, topography 

controls the seepage flow direction (i.e., down-gradient toward the Florida River).  Therefore, 

wells to the west of this described reach have not historically benefited from ditch seepage and 

would not be affected by the ditch lining. Also, no wells exist between the river and the ditch in 

this area that would benefit from the ditch seepage.  

As the Florida Farmers Ditch reaches the top of the mesa, it leaves the Hesperus Loam and Ustic 

Torrierthents-Ustollic Haplargids complex soils and terrace alluvium and enters Falfa Clay Loam 

soils.  Falfa Clay Loam has a slow permeability ranging from 0.1 to 0.6 inches per hour.    

Ditch loss in this area is expected to be minimal due to the slow permeability of the soil. Nearby 

wells located on the mesa to the west of the ditch are being recharged more by precipitation and 

irrigation water, than ditch seepage, as identified in a USGS Water-Resources Investigations 

Report for the Florida Mesa. This report calculated the recharge to groundwater from 

precipitation and irrigation return flows to be approximately 85% of the annual recharge, with 

only 15% coming from irrigation ditch seepage, which presumably would include the ditch 

laterals as well as the ditch main-stems. (Appendix A).   Figure 4 shows the irrigated areas near 

the Proposed Lined Reach and the nearby water wells to the west. Lining of the ditch in this area 

would not significantly impact water production to nearby wells, due to the fact that most of the 

recharge to these wells is occurring through vertical infiltration from irrigation and precipitation. 

6.0 CONCLUSION 

To better conserve water, a reach of the Florida Farmers Ditch has been proposed for ditch 

lining.  The impact the ditch lining could have on nearby domestic water wells has been assessed 

through an evaluation of the soils and geology, review of the State Engineer’s Office well 
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database and well completion reports, combined with visual observations made in the field.  In 

summary: 

• No impacts are expected to occur to the alluvial wells because of their proximity to the 

Florida River (the primary recharge source for this aquifer system) and the established in-

stream flow for the Florida River.   

• Impacts to wells in the Proposed Lined Reach where it leaves the valley floor and begins 

to ascend the canyon wall to the Payne Canyon siphon are not anticipated due to the ditch 

being constructed on bedrock outcrops which dip away from the only nearby bedrock-

completed well.  

• No wells exist near the Proposed Lined Reach from the Payne Canyon siphon to the top 

of the Florida Mesa. Nearby wells to the west of this described reach would not have  

historically benefited from ditch leakage in this reach because ditch leakage here drains 

directly back to the Florida River.   

• Recharge to the wells located to the west of the Proposed Lined Reach atop the Florida 

Mesa, is mainly from precipitation and irrigation infiltration as outlined in USGS Water-

Resources Investigations Report 95-4190 (see Appendix A). No significant impacts to 

water production are anticipated for these wells. 
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SOILS OF THE DITCH SYSTEM & SURROUNDING WELLS
Project No.

061-110.060FLORIDA FARMERS DITCH PROPOSED LINING WELL IMPACT ANALYSIS

LA PLATA COUNTY, COLORADO

Data Sources:
DWR Water Well Permit Locations were provided by the
Colorado Division of Water Resources and depicts select 
wells from the water well permit database.
Soils mapping was provided by NRCS, and depicts the NRCS
Soil Survey of La Plata County, Colorado.
Ditch alignments were provided by the San Juan RC&D Office 
of the USDA, Durango, Colorado.
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QUATERNARY GEOLOGY OF THE DITCH SYSTEM & SURROUNDING WELLS
Project No.

061-110.060FLORIDA FARMERS DITCH PROPOSED LINING WELL IMPACT ANALYSIS

LA PLATA COUNTY, COLORADO

Geologic Map: 1:24,000 Scale, Durango East Quadrangle

Data Sources:
DWR Water Well Permit Locations were provided by the
Colorado Division of Water Resources and depicts select 
wells from the water well permit database.
Geologic mapping depicts the geologic mapping of the USGS
Durango East Quadrangle.
Ditch alignments were provided by the San Juan RC&D Office 
of the USDA, Durango, Colorado.
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Appendix A  

Components of Groundwater Recharge 



Canal Seepage
15%

Precipitation
5%

Florida Mesa Area, La Plata County, Colorado
Components of Ground Water Recharge

Source:  U.S Geological Survey, Groundwater Resources of the Florida Mesa Area, La Plata County, Colorado
Water-Resource Investigation Report 95-4190 
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