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8.6  Geonet Installation 
8.6.1 Geonet Placement 
1. As each roll is moved from the storage area by the Installer, the labels shall be removed by the 

Installer and submitted to the Site CQA Manager. The rolls of geonet shall be brought to the 
area to be lined with a front-end loader and support pipes set up such that the geonet roll is fully 
supported across its length. A spreader bar or similar device shall be used to prevent the lifting 
chains or slings from damaging the edges. 

2. Care shall be taken to keep the geonet clean and free from debris prior to installation. If the 
geonet is not clean, it should be washed using a high-pressured hose prior to installation. 

3. Each panel of the geonet shall be rolled out and installed in accordance with the approved shop 
drawings prepared by the Installer. The layout shall be designed to keep field joining of the 
geonet to a minimum and consistent with proper methods of geonet installation. 

4. On slopes, the geonet shall be secured and rolled down the slope in such a manner as to 
continually keep the geonet panel in tension. If necessary, the geonet shall be positioned by 
hand after being unrolled to minimize wrinkles. 

5. In areas where wind is prevalent, geonet installation should be started at the upwind side of the 
project and proceed downwind. The leading edge of the geonet shall be secured at times with 
sandbags or other means sufficient to hold it down during windy conditions. 

6. The geonet shall not be welded to the geomembrane. 
7. The geonet shall only be cut using scissors or other cutting tools approved by the Manufacturer 

that will not damage the underlying geosynthetics. Care shall be taken not to leave tools on the 
geonet. 

8. Necessary precautions shall be taken to prevent damage to underlying layers during placement 
of the geonet. 

9. During placement of geonet, care shall be taken not to entrap dirt or excessive dust within the 
geonet that could cause clogging of the drainage system and/or stones that could damage the 
adjacent geomembrane. If dirt or excessive dust is entrapped in the geonet, it should be hosed 
clean prior to placement of the next material on top of it. In this regard, care shall be taken in 
handling the sandbags to prevent rupture or damage of the sandbag. 

10. Once the geonet is removed from the storage area by the Installer, it becomes the responsibility 
of the Installer. 

 
8.6.2 Field Seams 

The following requirements shall be met during installation of the geonet: 
1. Adjacent rolls shall be overlapped by a minimum of 4 inches. 
2. Overlaps shall be secured by tying. Tying can be achieved by HDPE fasteners or polymer 

braids. Tying devices shall be white or yellow for easy inspection. Metallic devices will not be 
permitted. 

3. Tying shall be every 5 feet along the slope and base, every 6 inches in the anchor trench, and 
every 6 inches along end-to-end seams on the floor of the pond. 

4. No horizontal seams shall be allowed on side slopes. 
5. In the corners of the side slopes where overlaps between perpendicular geonet panels are 

required, an extra layer of geonet shall be unrolled along the slope, on top of the previously 
installed geonet from top to bottom of the slope. 

6. When more than one layer of geonet is installed, joints shall be staggered.  
 
8.7 Field Quality Control 

1. The Installer shall provide the Site CQA Manager with Daily Summary Reports addressing the 
following: 
a. Underlying geomembrane approval for areas anticipated to be covered by geonet 
b. The total number and location of panels placed 
c. Location of repairs 
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2. The Field Installation Team Manager and the Site CQA Manager shall provide 100% inspection 
of the installation to ensure compliance with these technical specifications and Manufacturer 
recommended procedures. 
a. The surface of the geonet shall be clean and free of debris at the time of inspection. 
b. The Field Installation Manager shall record each roll number and lot number as panels are 

deployed, and a general description of the location of each panel. 
c. The Field Installation Manager and the Site CQA Manager shall inspect the overlap for each 

panel. 
d. The Field Installation Manager and the Site CQA Manager shall inspect the anchoring of the 

geonet. 
e. The Field Installation Manager and the Site CQA Manager shall inspect the geonet for any 

signs of defects or holes. Any areas requiring repair shall be marked and subsequently 
repaired in accordance with the Repair Procedures listed in these specifications. 

f. The Field Installation Manager and the Site CQA Manager shall reinspect, verify, and 
approve repairs and patches. 

3. Repair Procedures 
a. Seams and non-seam areas of the geonet shall be inspected for defects, holes, and any 

sign of contamination by foreign matter in accordance with the Field Quality Control 
procedures listed in these specifications. 

b. Any defects shall be repaired by the Installer by placing a geonet patch with a minimum 12-
inch overlap in all directions. 

c. The patch shall be secured to the original geonet panel by placing HDPE fasteners or 
polymer braids every 6 inches along the perimeter of the patch. 

d. For any repair method, surfaces shall be clean and dry at the time of the repair. 
e. Each completed repair shall be inspected and approved in accordance with the Field Quality 

Control procedures listed in this CQA Plan. 
 
9.0 SELECT AGGREGATE 
9.1 Leak Detection System Sump 

1. Washed select aggregate, shall be used for bedding material around the leak detection sumps for 
the evaporation ponds; and other locations as shown in the approved construction drawings. The 
select aggregate shall be durable, resistant to weathering and shall be free organic material, and 
fines < 2% by dry weight. 

2. The bedding aggregate shall have particle sizes that range from ¾ inch minimum diameter to 2.0 
inch maximum diameter in accordance with ASTM C136. 

3 The select aggregate shall have particle shapes that will not damage the FML with the use of a 
10 oz/yd2 non-woven geotextile cushion layer. The select aggregate shall be approved by the 
Engineer. 

 
9.2 Conformance Testing 

1. Gradation analysis shall be performed on samples from each source of the select aggregate to 
assure compliance with the project specifications. 

 
9.3 Delivery, Storage and Handling 
If select aggregate materials are delivered to the site prior to approval, materials shall be stockpiled on-site 
in areas as dictated by the Owner to facilite approval by the Engineer. Provision shall be implemented to 
minimize surface water or dust impacts on the stockpile. Removal and placement of the materials shall be 
conducted in a manner to minimize intrusion of soils adjacent to and beneath the stockpile. 
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9.4 Select Aggregate Placement 
Select Aggregate Leak Detection System Bedding Layer 
After geosynthetic placement has been approved, placement of non-woven geotextile in the floor of the 
leak detection system, and leak detection sump will ensure protection of the geosynthetics from the 
overlying select aggregate layer.  

1. Leak Detection System Bedding Layer 
a. Placement of a 3 inch bedding layer in the bottom of the trench and on top of the geotextile 

consisting of select aggregate, 0.75 inch minimum diameter to 2.0 inch maximum diameter 
(maximum 2% fines by dry weight). 

b. Backfilling of the pipe will be allowed only after placement and workmanship have been 
approved by the Site CQA Manager. 

c. Backfilling around the pipe will be with the select aggregate to the depth and width shown on 
the construction drawings. 

d. Haunching of the select aggregate will provide stability to the pipe from the sides and from 
underneath.  

e. Placement of the select aggregate should be in gradual 4 inch to 6 inch lifts and tamped 
simultaneously with a blunt tamping tool to ensure the material is well consolidated under and 
around the pipe.  

f. Backfilling, with the select aggregate, should be brought up to a height of a minimum of 12 
inches above the top of the pipe. 

2. Leak Detection Sump Select Aggregate Placement 
a. Placement of a 2 foot layer in the sumps and on top of the geotextile consisting of select 

aggregate, 0.75 inch minimum diameter to 2.0 inch maximum diameter (maximum 2% fines 
by dry weight). 

b. Backfilling of the leak detection and riser pipes will be allowed only after placement and 
workmanship have been approved by the Site CQA Manager. 

c. Backfill around the leak detection and riser pipes will be with the select aggregate to the depth 
and width shown on the construction drawings. 

d. Placement of the select aggregate should be in gradual 4 inch to 6 inch lifts and teamped 
simultaneously with a blunt tamping tool to ensure the aggregrate is well consolidated under 
the sides of the pipes as well as around it. 

e. Care shall be taken during backfilling such that damage to the leak detection and riser pipes 
is avoided.  

 
10.0 GEOTEXTILE 
10.1 Geotextile Properties 

1. The 10 oz/yd2 non-woven geotextile is specified for the leak detection sump aggregate cushion 
wrap. Additionally, 10 oz/yd2 non-woven geotextile is specified for the evaporation pond leak 
detection sump aggregate cushion wrap. The geotextile shall meet the specifications provided 
in Table III.2.8.  

2. The minimum roll width shall be 15 feet, and the maximum roll length shall be 300 feet. 
 
10.2 Manufacturer’s Quality Control Documentation 
Prior to installation commencement of any geonet composite material, the Contractor shall provide to the 
Site CQA Manager the following information certified by the manufacturer for the delivered geotextile. 

1. Each roll delivered to the project site shall have the following identification information: 
• Manufacturer's name 
• Product identification 
• Thickness 
• Roll number 
• Roll dimensions 

2. Quality control certificates, signed by the manufacturer's quality assurance manager. Each 
certificate shall have roll identification number, sampling procedures, frequency, and test results. 
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At a minimum, the following test results/certifications shall be provided in accordance with 
applicable test/certification requirements specified in Table III.2.8: 
• Thickness (ASTM D5199) 
• Weight (ASTM D5261) 
• Tensile strength (ASTM D4632) 
• Elongation (ASTM D4632) 
• CBR puncture strength (ASTM D6241) 
• Trapezoidal tear strength (ASTM D4533) 
• Coefficient of permeability (ASTM D4491) 
• Permittivity (ASTM D4491) 
• Flow rate (ASTM D4491) 
• UV resistance (ASTM D4355) 
• Apparent opening size (ASTM D4751) 

 
10.3 Conformance Testing 

1. Conformance testing shall be performed by an independent Quality Assurance Laboratory 
approved by the Engineer at a minimum of one (1) per 100,000 ft2. The Site CQA Manager or 
Installer shall obtain the samples from the roll, mark the machine direction and identification 
number. The number of lots and samples will be determined in accordance with ASTM D4354. 
The following conformance tests shall be conducted at the independent laboratory: 
• Weight (ASTM D5261) 
• Tensile strength (ASTM D4632) 
• CBR puncture strength (ASTM 6241) 
• Trapezoidal tear strength (ASTM D4533) 
• Apparent opening size (ASTM D4751) 

2. These conformance tests shall be performed in accordance with Table III.2.8. 
3. Conformance test results shall be reviewed by the Site CQA Officer, and lots shall be accepted 

or rejected prior to the placement of the geotextile. Test results shall meet, or exceed, the 
property values listed in Table III.2.8. If the sampling results do not meet property values for any 
individual lot sample, the lot shall be resampled and retested. This retesting shall be paid for by 
the manufacturer or installer. If the test values from the resamples pass the acceptable 
specification values listed in Table III.2.8, the lot shall be accepted. 

 
10.4 Delivery, Storage and Handling  

1. The geotextile shall be packaged in rolls, uniformly wound onto suitable cylindrical forms 
or cores to aid in handling and unrolling. Each roll shall be packaged to protect the material 
from damage due to ultraviolet light and moisture during normal storage and handling.  

2. Each roll shall be clearly marked with the following: 
• Manufacturer's name  
• Roll width and length  
• Brand name of the product  
• Manufacturer lot or control number  

3. Off-loading and storage of the geotextile shall be performed by the Contractor.  
4. Storage of the geotextile shall be in accordance with ASTM D-4873. The material shall not 

be exposed to sunlight for longer than 14 days.  
5. The Installer shall be responsible for moving the geotextile from the storage area to the 

cell area for installation. The Installer shall be responsible for replacing any geotextile 
material damaged during installation. 

 
10.5 Installation Leak Detection Sump 

1. Sump Preparation 
a. Before the geotextile is placed into position in the leak detection sumps, the following 

procedures will be completed. 
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1) The subgrade at the bottom and sides of the sumps shall be carefully prepared in 
accordance with this CQA Plan. 

2) Underlying geosynthetics have been installed in accordance with this CQA Plan. 
2. Geotextile Installation 

a. After geosynthetic placement has been approved by the Site CQA Manager, the Geotextile 
Installer shall place the non-woven geotextile in the bottom to ensure protection of the 
underlying geosynthetics from the overlying select aggregate layer. 
1) Exposure of the geotextiles to the elements between lay down and cover shall be a 

maximum of 14 days. 
2) The 10 oz/yd2 non-woven geotextile shall be placed atop the underlying geosynthetics 

in the leak detection sump. The geotextile shall be placed such that the centerline of the 
geotextile lines up with the centerline of the trench. The geotextile shall be joined by 
overlapping with heat bond or sewing. Overlapped seams shall have a minimum overlap 
of 24 inches. 

3) The Installer shall take care not to damage the underlying geosynthetic materials. The 
Installer is responsible for any damage to the geotextile and underlying geosynthetics 
caused during geotextile installation. 

3. Field Quality Control 
a. The Site CQA Manager shall inspect the installation for proper placement, sufficient overlap 

and damaged material. Damaged areas will be repaired in accordance with the Repair 
Procedures of this CQA Plan. 

4. Repair Procedures 
a. A geotextile patch shall be placed over the damaged area and extend three feet beyond the 

perimeter of the tear or damage. 
b. The Site CQA Manager shall verify repairs. 

5. Select Aggregrate Installation 
a. Placement of the 2 feet of select aggregrate in the leak detection sumps shall be performed 

by the Contractor. 
6. Detection Sump Pipe Installation 

a. Installation of the SDR 11 HDPE sump riser pipes will be performed in accordance with the 
Geopipe Specifications. 

 
11.0 GEOPIPE 
11.1 General 
The design of the leak detection extraction riser pipes employ a 4-inch partial perforated/partial solid-
walled SDR 11 leak detection sump riser pipe.  
 
The sump extraction geopipes rise along the evaporation pond sideslope to allow extraction of liquid 
from the leak detection sumps. Leak detection piping design is shown on Engineering Drawings. 
 
11.2 HDPE Geopipe Material Properties 

1. High Density Polyethylene (HDPE) Pipe is the preferred material utilized for the leak detection 
pipe will be manufactured in accordance with ASTM D714 and have the following physical 
characteristics: 
a. Solid wall 4-inch diameter HDPE Discopipe as manufactured by Phillips 66, or approved 

equal, with a standard dimension ratio (SDR) of 11 as shown on the Engineering Drawings. 
b. HDPE pipe shall meet the requirements of cell classification PE 445574C or higher cell 

classification in accordance with ASTM D3350. 
c. The slots or perforations must conform with the Engineering Drawings. 
d. The pipe shall be as uniform as commercially practical in color, opacity, density, and other 

physical properties. 
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e. Apart from structural voids and hollows associated with some profile wall designs, the pipe 
fittings shall be homogeneous throughout and free from visible cracks, holes, foreign 
inclusions or other defects. 

2. HDPE Pipe Fittings and Joints 
a. HDPE fittings shall be manufactured in accordance with the requirements of ASTM E714. 
b. End caps for the clean-out risers will be of low pressure type HDPE, or similar with stainless 

steel hardware. 
c. The pipe shall be joined by the method of thermal butt fusion or electrofusion as outline in 

ASTM D2657. All joints shall be made in strict compliance with the Manufacturer’s 
recommendations. 

d. Mechanical connections of the polyethylene pipe to auxiliary equipment such as valves, 
pumps and tanks shall be through flanged connections that shall consist of the following: 
1) A stainless steel back-up, polyethylene flange shall be thermally butt-fused to the stub end 

of the pipe. 
2) A 316 stainless steel back up ring on both sides of the connection shall be used as 

approved by the Owner. 
e. Blind Flange connections shall be made in accordance with Manufacturer’s 

recommendations. 
 
11.3 Manufacturer’s Quality Control Documentation 
Prior to installation of the geopipe (HDPE), the Contractor shall provide the following information certified 
by the manufacturer for the delivered geopipe: 

1. Manufacturer's certification verifying that the quality of the raw materials used to manufacture the 
geopipe meets the Manufacturer specifications. 

2. Each geopipe length delivered to the project site shall have the following identification information: 
• Manufacturer's name 
• Pipe size 
• Ring stiffness constant classification or SDR number 
• Production code designating plant location, machine, and date of manufacture. 

3. Each length of pipe and each fitting shall be marked with the name of the Manufacturer, size, and 
class. All gaskets shall be marked with the name of Manufacturer, size, and proper insertion 
direction. 
 

11.4 Delivery, Storage and Handling 
1. Off-loading and storage of the geopipe shall be performed by the Contractor. 
2. Storage of the geopipe shall not exceed 17 rows high, as per Manufacturer's recommendation. 
3. The Contractor shall be responsible for moving the pipes and fittings from the storage area to the 

area of pipe installation. The Contractor shall be responsible for replacing any material damaged 
during transport or installation. 

 
11.5 Quality Assurance 

1. Finished Product Evaluation 
a. Each length of pipe produced shall be checked by production staff for the items listed below. 

The results of measurements shall be recorded on production sheets which become part of 
the Manufacturer's permanent records. 
1) Pipe in process shall be checked visually, inside and out for cosmetic defects (grooves, 

pits, hollows, etc.). 
2) Pipe outside diameter shall be measured using a suitable periphery tape to ensure 

conformance with ASTM D1785. 
3) Pipe wall thickness shall be measured at 12 equally spaced locations around the 

circumference at both ends of the pipe to ensure conformance with the Manufacturer’s 
specifications. 

4) Pipe length shall be measured. 
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5) Pipe marking shall be examined and checked for accuracy. 
6) Pipe ends shall be checked to ensure they are cut square and clean. 

 
11.6 Installation 

1. Leak Detection Sump Preparation 
a. Before the leak detection riser geopipe is placed into position in the sumps, the following 

procedures will be completed: 
1) The subgrade at the bottom and sides of the sumps shall be carefully prepared as shown 

on the Engineering Drawings by the Contractor. 
2) The subgrade will be covered by a bentonite liner and 60 mil HDPE liner (composite liner) 

by the Liner Installer according to the Engineering Drawings. 
2. Geotextile Installation 

a. After composite liner placement has been approved, the Installer shall place the non-woven 
geotextile in the bottom of the leak detection sumps to ensure protection of the composite liner 
from the overlying select aggregate layer in accordance with the Geotextile Cushioning Fabric 
specifications. 

3. Select Aggregate Installation 
a. Placement of 2 feet of select aggregate in the sumps and above the geotextile consisting of 

0.75 inch minimum diameter to 2.0 inch maximum diameter (min 2% fines by dry weight) will 
be performed."Spading" with shovels or any other activities which could jeopardize the 
underlying composite liner’s integrity will not be allowed. 

4. Leak Detection Pipe Installation 
a. High Density Polyethylene (HDPE) Leak Detection Pipe Installation 

1) Installation of the 12-inch or 4-inch diameter SDR 11 HDPE pipe in the leak detection and 
leak detection sumps will be performed in such a manner as not to jeopardize the integrity of 
the pipe. 
2) Each pipe section shall be accurately placed to the line and alignment called for on the 

Engineering Drawings. 
3) The leak detection sumps shall be kept free from any deleterious material, water or backfill 

to prevent damage to the pipe. The Contractor shall provide means and devices to 
remove promptly and dispose of any deleterious material, or water entering the area of 
pipe laying. 

4) Installation practices shall conform with ASTM D2321 and any specific manufacturer's 
recommendations. 

5) HDPE pipe joints shall be butt fused in the field in accordance with the manufacturer's 
instructions. Fused joints, when tested for tension and pressure, shall be stronger than the 
pipe itself. 

6) As many sections of pipe as practical shall be fused together outside of the composite 
lined area to minimize damage to the composite liner during pipe fusion. 

7) No connection shall be made where joint surfaces and joint materials have been soiled 
until such surfaces are thoroughly cleaned. 

8) As the work progresses, the interior of pipes shall be kept clean. After each line of pipe 
has been laid along the side slope, it shall be carefully inspected and earth, trash, rags, 
and other foreign matter removed from the interior. 

9) Slots/perforations on the bottom 6 feet of the leachate extraction and leak detection riser 
pipes shall be as shown on the Engineering Drawings. 

5. Field Quality Control 
a. After completion of each section of the leak detection geopipe; the joints and alignment along 

the side slopes shall be true to line and alignment. 
b. The Site CQA Manager shall inspect the installation. The pipe shall be completely free from 

any cracks and from protruding joint materials, deposits of sand, mortar, dirt, debris or other 
materials on the inside. 
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c. After the OCD has been given 72 hours prior notification, placement of a geotextile layer will 
be completed over the leak detection pipe as shown on the Engineering Drawings. 

 
12.0 ENGINEERING CERTIFICATION  
Construction tasks, other than mass excavation and general earthmoving, will be subject to OCD 
notification and submittal of sealed Construction Plans and Technical Specifications. An Engineering 
Certification Report, incorporating the laboratory and field data, shall be submitted by Engineer to the 
New Mexico Energy, Minerals and Natural Resources Department, Oil Conservation Division confirming 
that the subgrade, liner, and leak detection system have been installed in compliance with the project 
specifications and the CQA Plan. The Engineering Certification Report shall be sealed by a Professional 
Engineer registered in good standing with New Mexico; and who has applicable expertise in liner and 
geosynthetics engineering.  
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TABLE III.2.1 – Summary of Required CQA Standards (Sheet 1 of 2) 

Element Key Property CQA/CQC Test Sampling 
Plan 

Sampling 
Frequency 
(Minimum) 

Standard Test 
Method 

Excavation 
Required: 
Subgrade Layer 
Material 
Evaluation 

Maximum 
Density 

Proctor Test Judgmental 1 per 5,000 cy or 
soil material 
change 

ASTM D698 

Fill Required:      
Subgrade Layer 
Material 
Evaluation 

Maximum 
Density 

Proctor Test Judgmental 1 per 5,000 cy or 
soil material 
change; 4 per 
acre per 6-inch 
lift 

ASTM D698 

Subgrade Layer & 
Structural Fill 
Construction 
Quality Evaluation 

In-Place 
Density 

Nuclear Density Test Random within 
the grid 

4 per acre per 6-
inch thick lift 

ASTM D6938 

Surface of final 
lift to be free of 
stones greater 
than 1/2". 

Visual Judgmental 100% NA 

Geosynthetic Clay 
Liner Material 

Conformance Mass per unit area, 
Free Swell, Fluid 
Loss, Peel Strength, 
Hydraulic 
Conductivity, Index 
Flux  

Systematic 1 per 100,000 sf ASTM D5261, 
D5890, D5891, 
D5887, D6496, 
D5587 

Surface Defects Visual 100% 100% NA 
Liner 
Geomembrane 
Material 

Conformance Thickness, Density, 
Tensile properties, 
Tear resistance, 
Carbon black content, 
Carbon black 
dispersion, Puncture 
resistance, Mass/unit 
area 

Systematic 1 per 100,000 sf ASTM D5994, 
D1505/0792, 
D6693, D1004, 
D4218, D5996, 
D4833, D5261, 
D4751, D4632, 
D4833 

Surface Defects Visual 100% 100% NA 
Liner 
Geomembrane 
Seaming 
Procedures 

Subgrade Visual 100% 100% NA 
Anchor Trench Visual 100% 100% NA 
Temporary 
Anchor 

Visual 100% 100% NA 

Sheet 
Placement 

Visual 100% 100% NA 

Overlap of 
Sheets 

Measurement 100% 100% NA 

Cleanliness of 
Seam 

Visual 100% 100% NA 

Extent of 
Grinding 

Measurement 100% 100% NA 

Note:  Where reference is made to one of the above standards, the revision in effect at the time of construction shall apply. 
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TABLE III.2.1 – Summary of Required CQA Standards (Sheet 2 of 2) 

Element Key Property CQA/CQC Test Sampling 
Plan 

Sampling 
Frequency 
(Minimum) 

Standard Test 
Method 

Liner 
Geomembrane 
Seams 

Test Seams Tensiometer Systematic In accordance 
with 
specifications 

NA 

Field Hot 
Wedge Seams 

Non-Destructive 
Tests (Pressure Dual 
Seam) 

100% 100% NA 

Destructive Tests  
(peel & shear 
strength) 

Random within 
the grid and 
Judgmental 

1 per 500 linear 
feet 

ASTM D6392 

Field Extrusion 
Fillet Seams 

Non-Destructive 
Tests (Vacuum Box 
Testing) 

100% 100% ASTM D4437 

Destructive Tests  
(peel & shear 
strength) 

Random within 
the grid and 
Judgmental 

1 per 500 linear 
feet 

ASTM D6392 

Geonet Conformance Thickness, Density, 
Wide width tensile 
properties, Mass per 
unit area, Carbon 
black, Melt index 

Systematic 1 per 100,000 sf ASTM D4354, 
D1777, D1505, 
D7179, D5261, 
D4218, D1238 

Anchor Trench Visual 100% 100% NA 
Temporary 
Anchor 

Visual 100% 100% NA 

Sheet 
Placement 

Visual 100% 100% NA 

Overlap and 
Tying of Sheets 

Measurement 100% 100% NA 

Protective Soil 
Layer  

Permeability Lab Permeability Random 1 per Source ASTM D2434 
or Falling Head 

Particle Size Gradation of Soil Random 1 per 1,500 cy ASTM C136 
Thickness of 
Protective Soil 
Layer  

Surveying or Direct 
Test  

Within the grid 5 per acre NA 

Geotextile Conformance Mass per unit area, 
Trapezoidal tear 
strength, Puncture 
strength, Grab tensile 
strength, Apparent 
opening size 

Systematic 1 per 100,000 sf ASTM D5261, 
D4533, D6241, 
D4632, D4751 

Overlap Measurement 100% 100% NA 
Seams Visual Observation 100% 100% NA 

Leachate 
Collection System 

Grade Surveying NA 1 per 50 lf NA 
Product specs, 
placement and 
workmanship 

Visual Observation 100% 100% NA 

Leachate Pipe 
Envelope 

Minimize 
clogging, 
facilitate flow 

Gradation of 
Aggregate 

Random 1 per Source ASTM C136 

Placement and 
workmanship 

Visual Observation 100% 100% NA 

Note:  Where reference is made to one of the above standards, the revision in effect at the time of construction shall apply. 
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TABLE III.2.2 - Technical Specifications:  Geosynthetic Clay Liner (GCL) 

MATERIAL PROPERTY QUALIFIER UNIT VALUE TEST 
METHOD 

MANUFACTURER 
QC TEST 

FREQUENCY 
(MINIMUM) 

CONFORMANCE 
QA TEST 

FREQUENCY 
(MINIMUM) 

Nonwoven 
Cover 

Geotextile 
Mass/Unit Area Minimum oz/yd2 6.0 ASTM 

D5261 200,000 ft2 100,000 yd2 

Bentonite 

Free Swell Minimum ml 24/2g ASTM 
D5890 100,000 lb 100,000 yd2 

Fluid Loss Maximum ml 18 ASTM 
D5891 100,000 lb 100,000 yd2 

Moisture Content Maximum % 35 ASTM 
D5993 100,000 lb NA 

Woven Base 
Fabric Mass/Unit Area Minimum oz/yd2 3.2 ASTM 

D5261 200,000 ft2 NA 

GCL (as 
manufactured) 

Mass of GCL2 Minimum lbs/ft2 0.81 ASTM 
D5993 40,000 ft2 100,000 yd2 

Tensile Stress 
(Machine Direction) Minimum lbs/in 30 ASTM 

D6768 40,000 ft2 NA 

Peel Strength Minimum lbs/in 3.5 ASTM 
D6496 40,000 ft2 100,000 yd2 

Permeability3 Maximum cm/sec 5x10-9 ASTM 
D5887 30,000 yd2 100,000 yd2 

Flux Maximum cm3/sec-
cm2 1x10-8 ASTM 

D5887 30,000 yd2 100,000 yd2 

Shear Strength4 Minimum @ 
200 lbs/ft2 lbs/ft2 500 ASTM 

D6243 Periodic NA 

Geotextile and 
Reinforcing 

Yarns 

% Strength 
Retained5 Minimum % 65 ASTM 

D6768 Yearly NA 

Notes: 
1. Standard test methods updated to reflect most current industry standards.
2. Mass of GCL and bentonite measured after oven drying per stated test method at 0% moisture content.
3. Value represents GCL permeability after permeation with deaired, deionized water @ 5 psi maximum effective

confining stress and 2 psi head pressure.  See GRI-GCL3 for termination criteria.
4. Value represents minimum percent retained from manufactured value after oven aging at 600C 50 days.
5. Typical peak value for specimen hydrated for 24 hours and sheared under a 200 psf normal stress.
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TABLE III.2.3 - Technical Specifications:  60-mil HDPE Single-Sided and 
Double-Sided Textured Geomembrane 

PROPERTY QUALIFIER UNIT VALUE TEST 
METHOD 

MANUFACTURER 
QC TEST 

FREQUENCY 
(MINIMUM)  

CONFORMANCE 
QA TEST 

FREQUENCY 
(MINIMUM) 

Thickness 

Min Average 
Lowest individual 
for 8 of 10 values 
Lowest individual 
for any 10 values 

mils 
mils 

mils 

60 
54 

51 
ASTM 
D5994 Per Roll 100,000 ft2 

Density Minimum g/cc 0.94 ASTM D792 
or D1505 100,000 ft2 100,000 ft2 

Tensile Properties (each 
direction): 

Break Strength 
Yield Strength 
Elongation - break 
Elongation - yield 

Min Average 
Min Average 
Min Average 
Min Average 

lb/in 
lb/in 
% 
% 

228 
126 
700 
12 

ASTM 
D6693, 
Type IV 

100,000 ft2 100,000 ft2 

Tear Resistance Min Average lbs 42 ASTM 
D1004 20,000 lbs 100,000 ft2 

Puncture Resistance Min Average lbs 108 ASTM 
D4833 20,000 lbs 100,000 ft2 

Carbon Black Content Min Range % 2.0 – 3.0 ASTM 
D4218 20,000 lbs 100,000 ft2 

Carbon Black Dispersion Rating NA Note 1 ASTM 
D5596 20,000 lbs 100,000 ft2 

Stress Crack Resistance Minimum hours 500 
ASTM 
D5397 

Appendix 
Per GRI GM 10 NA 

Asperity Height Min Average mils 20 
ASTM 
D7466 

GRI GM 13 
every second roll 100,000 ft2 

Standard Oxidation Time Min Average minutes 100 ASTM 
D3895 200,000 lbs NA 

Oven Aging at 85oC 
Standard Oxidation Time - 
% Retained after 90 days 

Min Average % 55 ASTM 3895 Each Formulation NA 

UV Resistance High 
Pressure Oxidation 
Induction Time - % 
Retained after 1,600 hours 

Min Average % 50 ASTM 
D5885 Each Formulation NA 

Notes: 
1. Dispersion only applies to near spherical agglomerates.  9 of 10 views shall be Category 1 or 2.  No more than

1 view from Category 3.
2. Standard test methods will be updated to reflect the most current industry standards.

SEAM PROPERTIES HDPE GEOMEMBRANE 
PROPERTY QUALIFIER UNIT VALUE TEST METHOD 

Thickness Minimum mils 60 ASTM D5994 
Bonded Seam Strength (1) [Shear Strength] Minimum lb/in 121 ASTM D6392 
Tensile Properties (1)(2) [Peel Strength]: 

• Hot Wedge Fusion Weld 
• Fillet Extrusion Weld 

Minimum 
Minimum 

lb/in 
lb/in 

98 
78 

ASTM D6392 
ASTM D 6392 

Air-Pressure (3)(4) Minimum psi 3 GRI GM6 
Vacuum (3) Minimum psi 3 NA 

Seam Notes: 
1. Value listed for shear and peel strengths are for four out of five test specimens. Fifth specimen can be as low as

80 percent listed values.
2. Break, when peel testing, occurs in liner material itself, not through peel separation (FTB).
3. See Section 7.9 for Field Quality Control requirements and testing extrusion and fusion welds.
4. Initial pressure 27-37 psi for 5 minutes.
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TABLE III.2.4 - Technical Specifications:  60-mil HDPE Smooth Geomembrane 

PROPERTY QUALIFIER UNIT VALUE TEST 
METHOD 

MANUFACTURER 
QC TEST 

FREQUENCY 
(MIN)  

CONFORMANCE 
QA TEST 

FREQUENCY 
(MIN) 

Thickness 

Min Average 
Min Individual 

Lowest 
individual for 

any 10 values 

mils 
mils 
mils 

60 
54 
51 ASTM D5199 Per Roll 100,000 ft2 

Density Minimum g/cc 0.94 ASTM D792 or 
D1505 100,000 ft2 100,000 ft2 

Tensile Properties 
(each direction): 

Break Strength 
Yield Strength 
Elongation - break 
Elongation - yield 

Min Average 
Min Average 
Min Average 
Min Average 

lb/in 
lb/in 
% 
% 

228 
126 
700 
12 

ASTM D6693, 
Type IV 100,000 ft2 100,000 ft2 

Tear Resistance Min Average lbs 42 ASTM D1004 20,000 lbs 100,000 ft2 
Puncture Resistance Min Average lbs 108 ASTM D4833 20,000 lbs 100,000 ft2 
Carbon Black Content Min Range % 2.0 – 3.0 ASTM D4218 20,000 lbs 100,000 ft2 
Carbon Black 
Dispersion Rating NA Note 1 ASTM D5596 20,000 lbs 100,000 ft2 

Stress Crack 
Resistance Minimum hours 500 ASTM D5397 

Appendix Per GRI GM 10 NA 

Standard Oxidation 
Time Min Average minutes 100 ASTM D3895 200,000 lbs NA 

Oven Aging at 85oC 
Standard Oxidation 
Time - % Retained 
after 90 days 

Min Average % 55 ASTM D3895 Each Formulation NA 

UV Resistance High 
Pressure Oxidation 
Induction Time - % 
Retained after 1,600 
hours  

Min Average % 50 ASTM D5885 Each Formulation NA 

Notes: 
1. Dispersion only applies to near spherical agglomerates.  9 of 10 views shall be Category 1 or 2.  No more than

1 view from Category 3.
2. Standard test methods will be updated to reflect the most current industry standards.

SEAM PROPERTIES HDPE GEOMEMBRANE 
PROPERTY QUALIFIER UNIT VALUE TEST METHOD 

Thickness Minimum mils 60 ASTM D5199 
Bonded Seam Strength (1) [Shear Strength] Minimum lb/in 121 ASTM D6392 
Tensile Properties (1)(2) [Peel Strength]: 

• Hot Wedge Fusion Weld 

• Fillet Extrusion Weld 
Minimum 
Minimum 

lb/in 
lb/in 

98 
78 

ASTM D6392 
ASTM D 6392 

Air-Pressure (3)(4) Minimum psi 3 GRI GM6 
Vacuum (3) Minimum psi 3 NA 

Seam Notes: 
1. Value listed for shear and peel strengths are for four out of five test specimens. Fifth specimen can be as low

as 80 percent listed values.
2. Break, when peel testing, occurs in liner material itself, not through peel separation (FTB).
3. See Section 7.9 for Field Quality Control requirements and testing extrusion and fusion welds.
4. Initial pressure 27-37 psi for 5 minutes.
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TABLE III.2.5 - Technical Specifications:  30-mil Reinforced Polyester Geomembrane 

PHYSICAL PROPERTIES 

PROPERTY QUALIFIER UNIT VALUE TEST METHOD1 
Thickness Minimum Average mils 30 ASTM D5199 
Density Minimum oz/yd2 30 ± 2 ASTM D1505 
Break Strength Minimum lb 550 ASTM D751 Grab 

Test Method 
Procedure A 

Break Elongation Minimum % 20 ASTM D751 
Tear Strength Minimum lb 40 ASTM D751 
Puncture Resistance Minimum lb 275 ASTM D4833 

Hydrostatic Resistance Minimum psi 800 ASTM D751, 
Procedure A 

Bursting Strength Minimum lb 750 ASTM D751, Ball 
Tip 

SEAM PROPERTIES 

PROPERTY QUALIFIER UNIT VALUE TEST METHOD1 
Bonded Seam Strength Minimum lb 575 ASTM D751 Grab 

Test Method 
Procedure A 

Peel Adhesion Minimum lb/2 in 40 ASTM D413 

Notes: 
1. Standard test methods will be updated to reflect the most current industry standards.
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TABLE III.2.6 - Typical Wedge Temperature Ranges for Hot Wedge 
Seaming of Thermoplastic Liners 

Liner Type Fahrenheit (°F) Celsius (°C) 
HDPE 
    Minimum1 Temperature 600 320 
    Maximum2 Temperature 750 400 

Notes: 
1 For dry, warm weather seaming conditions  
2 For damp, cold weather seaming conditions 
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TABLE III.2.7 -Technical Specifications:  HDPE Geonet 

 

PROPERTY QUALIFIER UNIT VALUE TEST 
METHOD 

MANUFACTURER 
QC TEST 

FREQUENCY  

CONFORMANCE 
QA TEST 

FREQUENCY 
Thickness Minimum mils 200 ASTM D5199 50,000 ft2 100,000 ft2 

Density Minimum g/cm3 0.94 ASTM D1505 
ASTM D792 50,000 ft2 100,000 ft2 

Melt Index Range g/10 min ≤ 1.0 ASTM D1238 Per Lot NA 
Carbon Black Content Range % 2.0 - 3.0 ASTM D4218 50,000 ft2 100,000 ft2 
Tensile Strength 
(Machine Direction) Minimum lb/in 45 ASTM D5035 

ASTM D7179 50,000 ft2 100,000 ft2 

Mass Per Unit Area Minimum lb/ft2 0.16 ASTM D5261 50,000 ft 100,000 ft2 
Transmissivity (loaded) Minimum m2/sec 1x10-3 ASTM D4716 500,000 ft2 100,000 ft2 
Notes:  

1. Standard test methods will be updated to reflect the most current industry standards. 
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TABLE III.2.8 - Technical Specifications:  10 oz/yd2 and 12 oz/yd2 Non-Woven Geotextile1 

PROPERTY QUALIFIER UNIT VALUE TEST 
METHOD 

MANUFACTURER 
QC TEST 

FREQUENCY 

CONFORMANCE 
QA TEST 

FREQUENCY 
Mass per unit area MARV oz/yd2 10 12 ASTM 

D5261 90,000 ft2 100,000 ft2 

Grab tensile strength MARV lbs 260 320 ASTM 
D4632 90,000 ft2 100,000 ft2 

Grab elongation MARV % 50 50 ASTM 
D4632 90,000 ft2 100,000 ft2 

CBR Puncture strength MARV lbs 725 925 ASTM 
D6241 540,000 ft2 1 per project 

Trapezoidal tear 
strength MARV lbs 100 125 ASTM 

D4533 90,000 ft2 NA 
Apparent opening size 
(AOS) MaxARV US Sieve 100 100 ASTM 

D4751 540,000 ft2 1 per project 

Permittivity MARV sec-1 1.0 0.8 ASTM 
D4491 540,000 ft2 1 per project 

Water flow rate MARV gpm/ft2 75 60 ASTM 
D4491 540,000 ft2 1 per project 

UV resistance MARV 
% retained 

@ 500 
hours 

70 70 ASTM 
D4355 Per Formulation NA 

Notes: 
1. Values reported in weaker principal direction.
2. All values listed are Minimum Average Roll Values (MARV) unless otherwise noted, calculated as typical -2 standard

deviations.
3. MaxARV represents typical +2 standard deviations.
4. Geotextiles with greater or equivalent properties may be used for select application.
5. Standard test methods will be updated to reflect the most current industry standards.
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ATTACHMENT III.2.A 
CQA FORMS 

Form No. Title 
1. Liner Quality Control Project Specifications 
2. Approval/Authorization to Proceed Form  
3. Field Observation Report 
4. Field Compaction Testing Form  
5. GCL Inventory Control Log 
6. FML Inventory Control Log 
7. Geonet Inventory Control Log 
8. Geotextile Inventory Control Log 
9. Leak Detection and Extraction Geopipe Inventory Control Log 
10. FML Trial Seaming Test Log 
11. FML Seaming Log 
12. FML Seam Pressure Test Log 
13. FML Destructive Field Test Record 
14. FML Seam Vacuum Test/Repair Log 
15. GCL Deployment Log 
16. FML Deployment Log 
17. Geonet Deployment Log 
18. Geotextile Deployment Log 

 



Site Name: Date Prepared:

Project/Cell:

Project Number: Project Start Date:

Project Size: Acres   or   ft2

Location:

Client Contact:

Phone:

Site Phone:

 Initials

Project Manager:

CQA Officer:

CQA Technicians:

Project Documentation Available

CQA Plan: Construction Drawings:    Health and Safety Plan:

Other:

Comments:

LINER QUALITY CONTROL PROJECT SPECIFICATIONS

1.0  Project Data

C:\Users\pgonzales\Desktop\BASIN_PERMIT\02_NM_PERMIT\VOL_3\III.2_CQA_2022\01_CQA_NM_LinerQC_Dec2022
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LINER QUALITY CONTROL PROJECT SPECIFICATIONS

Area: Acres  or  ft2 N/A

Performed By: Date Performed:

Tolerance (vert): feet  or   inches As-Built Drawing(s) Available? Y   or   N

Thickness: feet  or   inches

N/A

Sample ID Optimum Moisture

Reference Proctor(s): lb/ft3

Standard (ASTM D698):

Modified (ASTM D1557):

Specifications:

Density: % of Optimum Moisture: lb/ft3

lb/ft3

Number of Lifts: Lift Thickness (inches):

Loose: Compacted:  

Field Test Frequency: per: acre/li yd3 other units:

Compaction Test Method:  

Total Number of Density Tests Required: Standard = 4/acre/lift

Y   or   N Perm Test Method:

Maximum Density

2.0  Subgrade/Soil Liner

Standard = 1 per acre

    2.2  Compaction

    2.1  Grade Control (Survey)

Field Permeability Tests required:

Nuclear Density Meter   or   Other:
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LINER QUALITY CONTROL PROJECT SPECIFICATIONS

N/A

Acceptable USCS: (circle or box)

GW SW ML MH

GP SP CL CH

GM SM OL OH

GC SC

Subgrade/Liner Material Testing:

in situ

Testing Frequency Quality Requirements

Project

Grain Size:

#200 Sieve (percent passing)

Cu (D60/D10)

Other

Atterberg Limits: P.I.

Liquid Limit

Plastic Limit

Other

Laboratory Permeability:

    2.4  Surface Preparation Y   or   N N/A

smooth surface

remove angular material

remove organic material

remove rocks greater than inches

    2.3  Soil Classification Standards

borrow source:

Project NMED/OCDNMED/OCD
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LINER QUALITY CONTROL PROJECT SPECIFICATIONS

3.0  Geosynthetics Conformance Tests

    3.1  GCL N/A collected by:

Area: Acres  or  ft2 performed by:

Specifications: frequency:

total number:

    3.2  FML N/A frequency:

60 mil total number:

other

HDPE Smooth: Area: Acres  or  ft2

HDPE Textured: Area: Acres  or  ft2

Other: Area: Acres  or  ft2

N/A

Specifications: oz collected by:

Woven  or  Nonwoven performed by:

frequency:

Area: Acres  or  ft2 total number:

N/A

Area: Acres  or  ft2 collected by:

performed by:

Specifications: thickness frequency:

total number:

with Geotextile: 

upper lower

    3.3  Geotextile

    3.4  Geonet

Specifications:
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LINER QUALITY CONTROL PROJECT SPECIFICATIONS

4.0  Detection System Leak ___ Leachate ___ Conformance Tests

N/A

Collection System Specifications:

Linear Quantity Material:

Diameter:

Risers Specifications:

Linear Quantity Material:

Diameter:

N/A collected by:

Specifications: performed by:

greater than frequency:

smaller than total number:

N/A

Specifications: oz collected by:

Woven  or  Nonwoven performed by:

frequency:

Area: Acres  or  ft2 total number:

    4.4  Sump N/A

Design volume: yd3  or  gallons

Double Lined? Y   or   N

Area of double liner:  ft2

5.0  Protective Soil Layer N/A Conformance Tests

Area: Acres  or  ft2 performed by:
frequency:

Thickness (inches): total number:

Volume: yd3

    4.3  Geotextile

    4.2  Aggregate

    4.1  Piping
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APPROVAL/ 
AUTHORIZATION 
TO PROCEED 

TO: 

FROM:   

PROJECT NAME: 

PROJECT NO.:  

DATE:  

The following liner system surface is deemed acceptable on a visual inspection by Liner Contractor Representative: 

LAYER: 1.  Subgrade 

2. Geosynthetic Clay Liner (GCL)

3. HDPE Geomembrane (FML)

4. Geotextile

5. Geonet

6. Detection System

7. Protective Soil Layer (PSL)

LOCATION:  to 

to 

to 

REMARKS: 

Authorized By: 
(Liner Contractor Representative) 

(Authorized Signature) 

(Date) 

Accepted By: 
(CQA Manager) 

(Authorized Signature) 

(Date) 



C:\Users\pgonzales\Desktop\BASIN_PERMIT\02_NM_PERMIT\VOL_3\III.2_CQA_2022\03_CQA_Field_Observation_Report_Dec2022.docx

FIELD 
OBSERVATION 
REPORT 

TO: 

FROM:   

PROJECT NAME: 

PROJECT NO.:  

DATE: TIME: EST. % COMPLETE: 

Weather Site Conditions Day
 Clear  Snow  Warm  Clear  Dusty  Monday  Thursday 
 Overcast  Foggy  Hot  Muddy  Tuesday  Friday 
 Rain   Cold Temperature Range   Wednesday 

Persons Contacted/Present at Site: 

Work Observed/In-Progress: 
Photos included in this report are intended to generally show the progress of the project. They are not intended to indicate the quality or 
deficiency of the work unless specifically noted. 

Items Discussed/Observations: 

Materials Delivered to Site: 

Requested Revisions or Interpretations: 

Items to Verify: 

Information or Action Required: 

 Attachments 

Copies:    Owner     A/E  Contractor     Consultants  File  



PROJECT TITLE: PROJECT NO.: 

OWNER:  DATE:  

PROJECT LOCATION:  PAGE NO.: 

Testing Instrument: Technician:  
Reference Density (pcf):   Reference Moisture (%): 

Test Number
Dry Density 

(pcf)
% Proctor % Moisture Test Number

Dry Density 
(pcf)

% Proctor % Moisture

FIELD COMPACTION TESTING RESULTS

Note:  See Figure for test locations



PROJECT NAME:
CLIENT:
PROJECT LOCATION:

MATERIAL IDENTIFICATION:
MATERIAL MANUFACTURER:

LENGTH
(FT)

WIDTH 
(FT)

THICKNESS OF 
WEIGHT 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

MANUF. QC 
CERT. 
(Y/N)

MATERIAL DIMENSIONS

DATE OF INVENTORY

INVENTORY MONITOR:
UNLOADING METHOD:

ROLL NUMBER LOT NO.
CONFORMANC

E SAMPLE      
(Y/N)

GCL INVENTORY CONTROL LOG

MATERIAL TYPE: See Below

PROJECT NUMBER:

DATE OF INVENTORY:

CONTRACTOR:
SHEET NUMBER:



PROJECT NAME:
CLIENT:
PROJECT LOCATION:

MATERIAL IDENTIFICATION:
MATERIAL MANUFACTURER:

LENGTH
(FT)

WIDTH 
(FT)

THICKNESS OF 
WEIGHT 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

FML INVENTORY CONTROL LOG

MATERIAL TYPE:

PROJECT NUMBER:

DATE OF INVENTORY:

CONTRACTOR:
SHEET NUMBER:

ROLL NUMBER MATERIAL ID NO.
CONFORMANC

E SAMPLE      
(Y/N)

MANUF. QC 
CERT. 
(Y/N)

MATERIAL DIMENSIONS

DATE OF INVENTORY

INVENTORY MONITOR:
UNLOADING METHOD:



PROJECT NAME:
CLIENT:
PROJECT LOCATION:

MATERIAL IDENTIFICATION:
MATERIAL MANUFACTURER:

LENGTH
(FT)

WIDTH 
(FT)

THICKNESS OF 
WEIGHT 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

MANUF. QC 
CERT. 
(Y/N)

MATERIAL DIMENSIONS

DATE OF INVENTORY

INVENTORY MONITOR:
UNLOADING METHOD:

ROLL NUMBER MATERIAL ID NO.
CONFORMANC

E SAMPLE      
(Y/N)

GEONET INVENTORY CONTROL LOG

MATERIAL TYPE: See Below

PROJECT NUMBER:

DATE OF INVENTORY:

CONTRACTOR:
SHEET NUMBER:



PROJECT NAME:
CLIENT:
PROJECT LOCATION:

MATERIAL IDENTIFICATION:
MATERIAL MANUFACTURER:

LENGTH
(FT)

WIDTH 
(FT)

THICKNESS OF 
WEIGHT 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

MANUF. QC 
CERT. 
(Y/N)

MATERIAL DIMENSIONS

DATE OF INVENTORY

INVENTORY MONITOR:
UNLOADING METHOD:

ROLL NUMBER MATERIAL ID NO.
CONFORMANC

E SAMPLE      
(Y/N)

GEOTEXTILE INVENTORY CONTROL LOG

MATERIAL TYPE: See Below

PROJECT NUMBER:

DATE OF INVENTORY:

CONTRACTOR:
SHEET NUMBER:



PROJECT NAME:

CLIENT:

PROJECT LOCATION:

MATERIAL IDENTIFICATION:

MATERIAL MANUFACTURER:

LENGTH   
(FT)

DIAM. 
(IN)

PIPE            
SDR

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

QUANTITY

LEAK DETECTION AND EXTRACTION GEOPIPE INVENTORY CONTROL LOG

MATERIAL TYPE: See Below

PROJECT NUMBER:

DATE OF INVENTORY:

CONTRACTOR:

SHEET NUMBER:

UNLOADING METHOD:

TYPE
TOTAL

LENGTH

MANUF. QC 
CERT. 
(Y/N)

MATERIAL DIMENSIONS

DATE OF INVENTORY

INVENTORY MONITOR:



PROJECT NAME: PROJECT NUMBER: TEXTURED: PEEL lbs/in SHEAR lbs/in

OWNER: SMOOTH: PEEL lbs/in SHEAR lbs/in

PROJECT LOCATION:  TEXTURED: PEEL lbs/in SHEAR lbs/in

SMOOTH: PEEL lbs/in SHEAR lbs/in

Temperature Speed Barrel Temp Pre-Heat Temp Test #1 Test #2 Test #4

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

Test #5

PROJECT SPECIFICATIONS

FML TRIAL SEAMING TEST LOG

FIELD TEST RESULTS
PULLDATE

MACHINE 
NUMBER

WELDER'S 
INITIALS

FUSION

EXTRUSION

QC INITIALS
WEDGE WELDS EXTRUSION WELDS

Test #3

SHEET NUMBER:

CONTRACTOR:

TIME



PROJECT NAME:

OWNER:

PROJECT LOCATION:

SEAMING LOCATION:

DATE
APPROX. 
LENGTH 
WELDED

START 
TIME

SEAMER 
INITIALS

MACHINE # TEMP SETTING SPEED SETTING
DESTRUCTIVE 

TEST
MONITORED 

BY

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

PROJECT NUMBER:

CONTRACTOR:

SHEET NUMBER:

FML SEAMING LOG

PANEL #/PANEL #



OWNER:

PROJECT LOCATION:

PRESSURE TEST LOCATION:

START FINISH INITIAL FINAL

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

CONTRACTOR: TEST DURATION:

SHEET NUMBER: MAX PSI DROP:

FML SEAMING PRESSURE TEST LOG

PROJECT NAME: PROJECT NUMBER: MIN START PSI:

PROJECT SPECIFICATIONS

PASS/FAILDATE PANEL #/PANEL # TESTER
TIME PRESSURE MONITORED 

BY



PROJECT NAME: PROJECT NUMBER: TEXTURED: PEEL lbs/in SHEAR lbs/in

OWNER: SMOOTH: PEEL lbs/in SHEAR lbs/in

PROJECT LOCATION:  TEXTURED: PEEL lbs/in SHEAR lbs/in

SMOOTH: PEEL lbs/in SHEAR lbs/in

Temperature Speed Barrel Temp Pre-Heat Temp Test #1 Test #2 Test #4

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

P

P

S

SHEET NUMBER:

CONTRACTOR:

DT #

PROJECT SPECIFICATIONS

FML DESTRUCTIVE FIELD TEST RECORD

FIELD TEST RESULTS
PULLDATE

MACHINE 
NUMBER

WELDER'S 
INITIALS

FUSION

EXTRUSION

QC INITIALS
WEDGE WELDS EXTRUSION WELDS

Test #3 Test #5



PROJECT NUMBER:

OWNER: CONTRACTOR:

SHEET NUMBER:

TEST/REPAIR LOCATION: MONITOR:

REPAIR 
DATE

TYPE OF 
REPAIR

REPAIR 
TECH

NUMBER OF 
LEAKS

TESTING 
TECH ID

DATE 
ACCEPTED

COMMENTS

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

FML SEAM VACUUM TEST/REPAIR LOG

PROJECT NAME:

PROJECT LOCATION:

PANEL



PROJECT NAME: PROJECT NUMBER:
CLIENT: CONTRACTOR:
PROJECT LOCATION: SHEET NUMBER:

DEPLOYMENT LOCATION: MONITOR:

PANEL NUMBER ROLL NUMBER
APPROXIMATE 

LENGTH             
(FT)

APPROXIMATE 
WIDTH 

(FT)

APPROXIMATE 
AREA                

(FT2)

DATE INSTALLED

0.0

GCL DEPLOYMENT LOG

TOTAL LINER PLACED (FT2):



PROJECT NAME: PROJECT NUMBER:
CLIENT: CONTRACTOR:
PROJECT LOCATION: SHEET NUMBER:

DEPLOYMENT LOCATION: MONITOR:

PANEL NUMBER ROLL NUMBER
APPROXIMATE 

LENGTH             
(FT)

APPROXIMATE 
WIDTH 

(FT)

APPROXIMATE 
AREA                

(FT2)

DATE INSTALLED

0.0

FML DEPLOYMENT LOG

TOTAL LINER PLACED (FT2):



PROJECT NAME: PROJECT NUMBER:
CLIENT: CONTRACTOR:
PROJECT LOCATION: SHEET NUMBER:

DEPLOYMENT LOCATION: MONITOR:

PANEL NUMBER ROLL NUMBER
APPROXIMATE 

LENGTH             
(FT)

APPROXIMATE 
WIDTH 

(FT)

APPROXIMATE 
AREA                

(FT2)

DATE INSTALLED

0.0

GEONET DEPLOYMENT LOG

TOTAL LINER PLACED (FT2):



PROJECT NAME: PROJECT NUMBER:
CLIENT: CONTRACTOR:
PROJECT LOCATION: SHEET NUMBER:

DEPLOYMENT LOCATION: MONITOR:

PANEL NUMBER ROLL NUMBER
APPROXIMATE 

LENGTH             
(FT)

APPROXIMATE 
WIDTH 

(FT)

APPROXIMATE 
AREA                

(FT2)

DATE INSTALLED

0.0

GEOTEXTILE DEPLOYMENT LOG

TOTAL LINER PLACED (FT2):
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1.0 INTRODUCTION 
Basin Disposal, Inc. (BDI) is an existing Surface Waste Management Facility (SWMF) providing oil 

field waste liquids (OFWL) disposal services.  The existing BDI facility is subject to regulation under 

the New Mexico Oil and Gas Rules, specifically 19.15.36 NMAC, administered by the Oil 

Conservation Division (OCD) of the NM Energy, Minerals, and Natural Resources Department 

(NMEMNRD).  This document is a component of the “Application for Permit Renewal” that proposes 

continued operations of the existing approved waste processing and disposal capabilities.  The 

Facility is designed in compliance with 19.15.36 NMAC, and is operated in compliance with a 

Surface Waste Management Facility Permit issued by the OCD.  The Facility is owned and operated 

by, Basin Disposal Inc. 

 
BDI only accepts liquid waste from the production and exploration of oil fields in northwest New 

Mexico and the surrounding areas.  The existing facility is organized in a pattern that allows for 

specific liquid waste acceptance, treatment, evaporation, or injection of clean liquid. 

 
1.1  Site Location 
BDI is located in unincorporated San Juan County on 27.77 acres  entirely within Section 3, Township 

29 North, Range 11 West approximately 3 miles north of the intersection of Highway 550 and 64 

(Figure II.1.1). Coordinates for the approximate center of the BDI site are Latitude 36°45’19.92” 

and Longitude -107°58’58.73”. The site is situated approximately 4 miles north of the San Juan 

River, and about 4.7 miles south of the Animas River on Crouch Mesa, about 500 feet and 400 feet 

in elevation above these respective river plains. The site occupies the West Fork of Bloomfield 

Canyon, an ephemeral drainage channel that drains south to the San Juan River. The site slopes 

gently to the east and southeast, from a maximum elevation of 5,750 feet to less than 5,700 feet.  

Detailed site characterization documentation is provided in Volume IV.  
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1.2 Facility Description 
The existing BDI facility is comprised of 27.77 acres and is comprised of the following: 

• 2 existing evaporation ponds (1 pending 
construction) 

• 12 existing receiving tanks (6 pending 
construction) 

• 4 existing oily water receiving tanks 
• 3 existing skimmed oil tanks  
• 3 existing oil heating tanks 
• 3 existing settling tanks 
• 7 existing oil sales tanks (2 pending 

construction) 
• 3 existing filtered water tanks 

• 4 existing bleach tanks 
• 1 existing concrete sludge solidification 

basin 
• 2 existing covered below grade tanks 

(containment sumps) 
• 1 existing UIC Class II injection well for 

disposal of produced water 
• 2 existing separation tanks 
• Various support facilities including an 

office, a maintenance building, roads, and 
a storm water detention basin. 
 

 
Oil field wastes are delivered to the BDI SWMF from oil and gas exploration and production operations 

in northwestern New Mexico and southwest Colorado. The Site Plan provided as Figure II.1.2 identify 

the locations of the Disposal facilities, evaporation/storage ponds, and all structures. Perimeter of the 

site is surrounded by commercial/industrial businesses on three sides and buffered by a bluff on the 

west side of the Facility. 

 
 
2.0 SUMMARY 
 
19.15.36.17 NMAC Specific requirements applicable to evaporation, storage, treatment, and 
skimmer ponds: 
B. Construction, standards. 

(3) Liner specifications.  Liners shall consist of a 30-mil flexible PVC or 60-mil HDPE 
liner, or an equivalent liner approved by the division.  Synthetic (geomembrane) liners 
shall have a hydraulic conductivity no greater than 1 x 10-9 cm/sec.  Geomembrane liners 
shall be composed of an impervious, synthetic material that is resistant to petroleum 
hydrocarbons, salts and acidic and alkaline solutions.  Liner materials shall be resistant to 
ultraviolet light, or the operator shall make provisions to protect the material from sunlight.  
Liner compatibility shall comply with EPA SW-846 method 9090A. 

 
Geosynthetics have a proven track record in a variety of civil engineering applications, primarily 

over the past 30 years. Fluid containment design provides a unique opportunity to incorporate a 

range of engineered materials that exceed the equivalent performance of soils.  The design of the 

Basin Disposal Evaporation Ponds includes several examples of geosynthetics used for their 

superior characteristics, usually applied in conjunction with soil layers: 
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• Geomembranes (flexible membrane liners) provided as barrier layer in the primary and 
secondary liner system (Attachment III.3.A) 

• Geotextiles serving as cushioning layers and as filters to maintain flow (Attachment 
III.3.B) 

• Geonets deployed as drainage layers and in leak detection systems (Attachment III.3.C). 
• The use of HDPE (High Density Polyethylene) pipping systems (Attachment III.3.E)  

 
Geosynthetics are selected in the design process for their performance characteristics in the 

project’s site-specific environmental setting.  Laboratory analysis was completed on the oil field 

wastewater.  The results of this analysis are presented in Attachment III.3.F.  Extractable Hexane 

is the only constituent detected which could have a negative impact on the properties of the HDPE 

liner.  However, at the low concentration of 48 mg/l in the wastewater, there should be no impact 

to the performance of the HDPE liner. Attachment III.3.A includes recent research results that 

indicate the functional longevity of HDPE liners in similar installations is in the hundreds of years. 

 
This section provides demonstrations, as required by 19.15.36.17.B, that the geosynthetic 

components are compatible with the fluids to be contained within the ponds. The attached 

compatibility documentation includes published reports and test results; and is further endorsed 

by industry experience and proven installations by the design engineer.  For the performance 

criteria of both soil and geosynthetic components to be achieved, they must be constructed in 

strict accordance with the Permit Plans (Volume III.1) and the Liner Construction Quality 

Assurance (CQA) Plan, (Volume III.2) of this Application for Renewal.  Table III.3.1 provides an 

index of compatibility data provided for each of the geosynthetic materials and its function in the 

engineering design. 
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Geomembrane Lifetime Prediction:  Unexposed and Exposed Conditions

1.0  Introduction

 Without any hesitation the most frequently asked question we have had over the past

thirty years’ is “how long will a particular geomembrane last”.*  The two-part answer to the

question, largely depends on whether the geomembrane is covered in a timely manner or left

exposed to the site-specific environment.  Before starting, however, recognize that the answer to

either covered or exposed geomembrane lifetime prediction is neither easy, nor quick, to obtain.

Further complicating the answer is the fact that all geomembranes are formulated materials

consisting of (at the minimum), (i) the resin from which the name derives, (ii) carbon black or

colorants, (iii) short-term processing stabilizers, and (iv) long-term antioxidants.  If the

formulation changes (particularly the additives), the predicted lifetime will also change.  See

Table 1 for the most common types of geomembranes and their approximate formulations.

Table 1 - Types of commonly used geomembranes and their approximate formulations
(based on weight percentage)

Type Resin Plasticizer Fillers Carbon Black Additives
HDPE 95-98 0 0 2-3 0.25-1
LLDPE 94-96 0 0 2-3 0.25-3
fPP 85-98 0 0-13 2-4 0.25-2
PVC 50-70 25-35 0-10 2-5 2-5
CSPE 40-60 0 40-50 5-10 5-15
EPDM 25-30 0 20-40 20-40 1-5

HDPE  = high density polyethylene PVC = polyvinyl chloride (plasticized)
LLDPE = linear low density polyethylene CSPE = chlorsulfonated polyethylene
fPP = flexible polypropylene EPDM = ethylene propylene diene terpolymer

* More recently, the same question has arisen but focused on geotextiles, geogrids, geopipe, turf reinforcement mats,
fibers of GCLs, etc.  This White Paper, however, is focused completely on geomembranes due to the tremendous
time and expense of providing such information for all types of geosynthetics.
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 The possible variations being obvious, one must also address the degradation

mechanisms which might occur.  They are as follows accompanied by some generalized

commentary.

Ultraviolet Light - This occurs only when the geosynthetic is exposed; it will be the focus

of the second part of this communication.

Oxidation - This occurs in all polymers and is the major mechanism in polyolefins

(polyethylene and polypropylene) under all conditions.

Ozone - This occurs in all polymers that are exposed to the environment.  The site-

specific environment is critical in this regard.

Hydrolysis - This is the primary mechanism in polyesters and polyamides.

Chemical - Can occur in all polymers and can vary from water (least aggressive) to

organic solvents (most aggressive).

Radioactivity - This is not a factor unless the geomembrane is exposed to radioactive

materials of sufficiently high intensity to cause chain scission, e.g., high level radioactive

waste materials.

Biological - This is generally not a factor unless biologically sensitive additives (such as

low molecular weight plasticizers) are included in the formulation.

Stress State – This is a complicating factor which is site-specific and should be

appropriately modeled in the incubation process but, for long-term testing, is very

difficult and expensive to acheive.

Temperature - Clearly, the higher the temperature the more rapid the degradation of all of

the above mechanisms; temperature is critical to lifetime and furthermore is the key to
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time-temperature-superposition which is the basis of the laboratory incubation methods

which will be followed.

2.0  Lifetime Prediction:  Unexposed Conditions

Lifetime prediction studies at GRI began at Drexel University under U. S. EPA contract

from 1991 to 1997 and was continued under GSI consortium funding until ca. 2002.  Focus to

date has been on HDPE geomembranes placed beneath solid waste landfills due to its common

use in this particular challenging application.  Incubation of the coupons has been in landfill

simulation cells (see Figure 1) maintained at 85, 75, 65 and 55 C.  The specific conditions within

these cells are oxidation beneath, chemical (water) from above, and the equivalent of 50 m of

solid waste mobilizing compressive stress.  Results have been forthcoming over the years insofar

as three distinct lifetime stages; see Figure 2.

Stage A - Antioxidant Depletion Time

Stage B - Induction Time to the Onset of Degradation

Stage C - Time to Reach 50% Degradation (i.e., the Halflife)

2.1  Stage A - Antioxidant Depletion Time

 The dual purposes of antioxidants are to (i) prevent polymer degradation during

processing, and (ii) prevent oxidation reactions from taking place during Stage A of service life,

respectively.  Obviously, there can only be a given amount of antioxidants in any formulation.

Once the antioxidants are depleted, additional oxygen diffusing into the geomembrane will begin

to attack the polymer chains, leading to subsequent stages as shown in Figure 2.  The duration of

the antioxidant depletion stage depends on both the type and amount of the various antioxidants,

i.e., the precise formulation.
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Figure 1.  Incubation schematic and photograph of multiple cells maintained at various
constant temperatures.
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Figure 2.  Three individual stages in the aging of most geomembranes.

 The depletion of antioxidants is the consequence of two processes:  (i) chemical reactions

with the oxygen diffusing into the geomembrane, and (ii) physical loss of antioxidants from the

geomembrane.  The chemical process involves two main functions; the scavenging of free

radicals converting them into stable molecules, and the reaction with unstable hydroperoxide

(ROOH) forming a more stable substance.  Regarding physical loss, the process involves the

distribution of antioxidants in the geomembrane and their volatility and extractability to the site-

specific environment.

 Hence, the rate of depletion of antioxidants is related to the type and amount of

antioxidants, the service temperature, and the nature of the site-specific environment.  See Hsuan

and Koerner (1998) for additional details.

2.2  Stage B - Induction Time to Onset of Degradation

 In a pure polyolefin resin, i.e., one without carbon black and antioxidants, oxidation

occurs extremely slowly at the beginning, often at an immeasurable rate.  Eventually, oxidation

occurs more rapidly.  The reaction eventually decelerates and once again becomes very slow.
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This progression is illustrated by the S-shaped curve of Figure 3(a).  The initial portion of the

curve (before measurable degradation takes place) is called the induction period (or induction

time) of the polymer.  In the induction period, the polymer reacts with oxygen forming

hydroperoxide (ROOH), as indicated in Equations (1)-(3).  However, the amount of ROOH in

this stage is very small and the hydroperoxide does not further decompose into other free radicals

which inhibits the onset of the acceleration stage.

 In a stabilized polymer such as one with antioxidants, the accelerated oxidation stage

takes an even longer time to be reached.  The antioxidants create an additional depletion time

stage prior to the onset of the induction time, as shown in Figure 3(b).

Induction
period

Acceleration
period

Deceleration
period

(a)

(a) Pure unstabilized polyethylene

Aging Time

Antioxidant
depletion time

Acceleration
period

Deceleration
period

(b)

Induction
period

(b) Stabilized polyethylene

Figure 3.  Curves illustrating various stages of oxidation.
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 RH  R  + H  (1)

(aided by energy or catalyst residues in the polymer)

 R  + O2  ROO  (2)

 ROO  + RH  ROOH + R  (3)

In the above, RH represents the polyethylene polymer chains; and the symbol “ ” represents free

radicals, which are highly reactive molecules.

2.3 Stage C - Time to Reach 50% Degradation (Halflife)

 As oxidation continues, additional ROOH molecules are being formed.  Once the

concentration of ROOH reaches a critical level, decomposition of ROOH begins, leading to a

substantial increase in the amount of free radicals, as indicated in Equations (4) to (6).  The

additional free radicals rapidly attack other polymer chains, resulting in an accelerated chain

reaction, signifying the end of the induction period, Rapopport and Zaikov (1986).  This

indicates that the concentration of ROOH has a critical control on the duration of the induction

period.

 ROOH  RO  OH  (aided by energy) (4)

 RO  + RH  ROH + R  (5)

 OH  + RH  H2O + R     (6)

A series of oxidation reactions produces a substantial amount of free radical polymer chains

(R ), called alkyl radicals, which can proceed to further reactions leading to either cross-linking

or chain scission in the polymer.  As the degradation of polymer continues, the physical and

mechanical properties of the polymer start to change.  The most noticeable change in physical

properties is the melt index, since it relates to the molecular weight of the polymer.  As for

mechanical properties, both tensile break stress (strength) and break strain (elongation) decrease.
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Ultimately, the degradation becomes so severe that all tensile properties start to change (tear,

puncture, burst, etc.) and the engineering performance is jeopardized.  This signifies the end of

the so-called “service life” of the geomembrane.

 Although quite arbitrary, the limit of service life of polymeric materials is often selected

as a 50% reduction in a specific design property.  This is commonly referred to as the halflife

time, or simply the “halflife”.  It should be noted that even at halflife, the material still exists and

can function, albeit at a decreased performance level with a factor-of-safety lower than the initial

design value.

2.4  Summary of Lifetime Research-to-Date

 Stage A, that of antioxidant depletion for HDPE geomembranes as required in the GRI-

GM13 Specification, has been well established by our own research and corroborated by others,

e.g., Sangram and Rowe (2004). The GRI data for standard and high pressure Oxidative

Induction Time (OIT) is given in Table 2.  The values are quite close to one another.  Also, as

expected, the lifetime is strongly dependent on the service temperature; with the higher the

temperature the shorter the lifetime.

Table 2 - Lifetime prediction of HDPE (nonexposed) at various field temperatures

In Service
Temperature

(°C)

Stage “A” (years) Stage “B”

(years)

Stage “C”

(years)

Total
Prediction*

(years)
Standard

OIT
High Press.

OIT
Average

OIT
20
25
30
35
40

200
135
95
65
45

215
144
98
67
47

208
140
97
66
46

30
25
20
15
10

208
100
49
25
13

446
265
166
106
69

*Total = Stage A (average) + Stage B + Stage C

 Stage “B”, that of induction time, has been obtained by comparing 30-year old

polyethylene water and milk containers (containing no long-term antioxidants) with currently
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produced containers.  The data shows that degradation is just beginning to occur as evidenced by

slight changes in break strength and elongation, but not in yield strength and elongation.  The

lifetime for this stage is also given in Table 2.

 Stage “C”, the time for 50% change of mechanical properties is given in Table 2 as well.

The data depends on the activation energy, or slope of the Arrhenius curve, which is very

sensitive to material and experimental techniques.  The data is from Gedde, et al. (1994) which is

typical of the HDPE resin used for gas pipelines and is similar to Martin and Gardner (1983).

 Summarizing Stages A, B, and C, it is seen in Table 2 that the halflife of covered HDPE

geomembranes (formulated according to the current GRI-GM13 Specification) is estimated to be

449-years at 20°C.  This, of course, brings into question the actual temperature for a covered

geomembrane such as beneath a solid waste landfill.  Figure 4 presents multiple thermocouple

monitoring data of a municipal waste landfill liner in Pennsylvania for over 10-years, Koerner

and Koerner (2005).  Note that for 6-years the temperature was approximately 20°C.  At that

time and for the subsequent 4-years the temperature increased to approximately 30°C.  Thus, the

halflife of this geomembrane is predicted to be from 166 to 446 years within this temperature

range.  The site is still being monitored, see Koerner and Koerner (2005).
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Figure 4.  Long-term monitoring of an HDPE liner beneath a municipal solid waste landfill in
Pennsylvania.

2.5  Lifetime of Other Covered Geomembranes

 By virtue of its widespread use as liners for solid waste landfills, HDPE is by far the

widest studied type of geomembrane.  Note that in most countries (other than the U.S.), HDPE is

the required geomembrane type for solid waste containment.  Some commentary on other-than

HDPE geomembranes (recall Table 1) follows:

2.5.1 Linear Low Density Polyethylene (LLDPE) geomembranes

 The nature of the LLDPE resin and its formulation is very similar to HDPE.  The

fundamental difference is that LLDPE is a lower density, hence lower crystallinity, than HDPE;

e.g., 10% versus 50%.  This has the effect of allowing oxygen to diffuse into the polymer

structure quicker, and likely decreases Stages A and C.  How much is uncertain since no data is

available, but it is felt that the lifetime of LLDPE will be somewhat reduced with respect to

HDPE.
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2.5.2  Plasticizer migration in PVC geomembranes

Since PVC geomembranes necessarily have plasticizers in their formulations so as to

provide flexibility, the migration behavior must be addressed for this material.  In PVC the

plasticizer bonds to the resin and the strength of this bonding versus liquid-to-resin bonding is

significant.  One of the key parameters of a stable long-lasting plasticizer is its molecular weight.

The higher the molecular weight of the plasticizer in a PVC formulation, the more durable will

be the material.  Conversely, low molecular weight plasticizers have resulted in field failures

even under covered conditions.  See Miller, et al. (1991), Hammon, et al. (1993), and Giroud and

Tisinger (1994) for more detail in this regard.  At present there is a considerable difference (and

cost) between PVC geomembranes made in North America versus Europe.  This will be apparent

in the exposed study of durability in the second part of this White Paper.

2.5.3  Crosslinking in EPDM and CSPE geomembrnaes

The EPDM geomembranes mentioned in Table 1 are crosslinked thermoset materials.

The oxidation degradation of EPDM takes place in either ethylene or propylene fraction of the

co-polymer via free radical reactions, as expressed in Figure 5, which are described similarly by

Equations (4) to (6).

EPDM ROOH OH + RO

+ EPDM

R + ROH + H2OROO
O2

+ EPDM

EPDM ROOH OH + RO

+ EPDM

R + ROH + H2OROO
O2

+ EPDM

Figure 5.  Oxidative degradation of crosslinked EPDM geomembranes, (Wang and Qu, 2003).

For CSPE geomembranes, the degradation mechanism is dehydrochlorination by losing chlorine

and generating carbon-carbon double bonds in the main polymer chain, as shown in Figure 6.
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The carbon-carbon double bonds become the preferred sites for further thermodegradation or

cross-linking in the polymer, leading to eventual brittleness of the geomembrane.

CH2 CH2 CH2 CH CH2 CH[( )x
Cl

] y[ ]n
SO2Cl

CH2 CH2 CH = CH CH2 CH[( )x ]y[ ]n
SO2Cl

+ HCl

hCH2 CH2 CH2 CH CH2 CH[( )x
Cl

] y[ ]n
SO2Cl

CH2 CH2 CH2 CH CH2 CH[( )x
Cl

] y[ ]n
SO2Cl

CH2 CH2 CH = CH CH2 CH[( )x ]y[ ]n
SO2Cl

+ HCl

h

Figure 6. Dechlorination degradation of crosslinked CSPE geomembranes (Chailan, et al., 1995).

Neither EPDM nor CSPE has had a focused laboratory study of the type described for HDPE

reported in the open literature. Most of lifetime data for these geomembranes is antidotal by

virtue of actual field performance.  Under covered conditions, as being considered in this section,

there have been no reported failures by either of these thermoset polymers to our knowledge.

3.0  Lifetime Prediction:  Exposed Conditions

 Lifetime prediction of exposed geomembranes have taken two very different pathways;

(i) prediction from anecdotal feedback and field performance, and (ii) from laboratory

weathering device predictions.

3.1  Field Performance

There is a large body of anecdotal information available on field feedback of exposed

geomembranes.  It comes form two quite different sources, i.e., dams in Europe and flat roofs in

the USA.

 Regarding exposed geomembranes in dams in Europe, the original trials were using 2.0

mm thick polyisobutylene bonded directly to the face of the dam.  There were numerous

problems encountered as described by Scuero (1990).  Similar experiences followed using PVC
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geomembranes.  In 1980, a geocomposite was first used at Lago Nero which had a 200 g/m2

nonwoven geotextile bonded to the PVC geomembrane.  This proved quite successful and led to

the now-accepted strategy of requiring drainage behind the geomembrane.  In addition to thick

nonwoven geotextiles, geonets, and geonet composites have been successful.  Currently over 50

concrete and masonry dams have been rehabilitated in this manner and are proving successful for

over 30-years of service life.  The particular type of PVC plasticized geomembranes used for

these dams is proving to be quite durable.  Tests by the dam owners on residual properties show

only nominal changes in properties, Cazzuffi (1998).  As indicated in Miller, et al. (1991) and

Hammond, et al. (1993), however, different PVC materials and formulations result in very

different behavior; the choice of plasticizer and the material’s thickness both being of paramount

importance.  An excellent overview of field performance is recently available in which 250 dams

which have been waterproofed by geomembranes is available from ICOLD (2010).

 Regarding exposed geomembranes in flat roofs, past practice in the USA is almost all

with EPDM and CSPE and, more recently, with fPP.  Manufacturers of these geomembranes

regularly warranty their products for 20-years and such warrants appear to be justified.  EPDM

and CSPE, being thermoset or elastomeric polymers, can be used in dams without the necessity

of having seams by using vertical attachments spaced at 2 to 4 m centers, see Scuero and

Vaschetti (1996).  Conversely, fPP can be seamed by a number of thermal fusion methods.  All

of these geomembrane types have good conformability to rough substrates as is typical of

concrete and masonry dam rehabilitation.  It appears as though experiences (both positive and

negative) with geomembranes in flat roofs should be transferred to all types of waterproofing in

civil engineering applications.
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3.2  Laboratory Weatherometer Predictions

 For an accelerated simulation of direct ultraviolet light, high temperature, and moisture

using a laboratory weatherometer one usually considers a worst-case situation which is the solar

maximum condition.  This condition consists of global, noon sunlight, on the summer solstice, at

normal incidence.  It should be recognized that the UV-A range is the target spectrum for a

laboratory device to simulate the naturally occurring phenomenon, see Hsuan and Koerner

(1993), and Suits and Hsuan (2001).

 The Xenon Arc weathering device (ASTM D4355) was introduced in Germany in 1954.

There are two important features; the type of filters and the irradiance settings.  Using a quartz

inner and borosilicate outer filter (quartz/boro) results in excessive low frequency wavelength

degradation.  The more common borosilicate inner and outer filters (boro/boro) shows a good

correlation with solar maximum conditions, although there is an excess of energy below 300 nm

wavelength.  Irradiance settings are important adjustments in shifting the response although they

do not eliminate the portion of the spectrum below 300 nm frequency.  Nevertheless, the Xenon

Arc device is commonly used method for exposed lifetime prediction of all types of

geosynthetics.

 UV Fluorescent devices (ASTM D7238) are an alternative type of accelerated laboratory

test device which became available in the early 1970’s.  They reproduce the ultraviolet portion of

the sunlight spectrum but not the full spectrum as in Xenon Arc weatherometers.  Earlier FS-40

and UVB-313 lamps give reasonable short wavelength output in comparison to solar maximum.

The UVA-340 lamp was introduced in 1987 and its response is seen to reproduce ultraviolet light

quite well.  This device (as well as other types of weatherometers) can handle elevated

temperature and programmed moisture on the test specimens.
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 Research at the Geosynthetic Institute (GSI) has actively pursued both Xenon and UV

Fluorescent devices on a wide range of geomembranes.  Table 3 gives the geomembranes that

were incubated and the number of hours of exposure as of 12 July 2005.

Table 5 - Details of the GSI laboratory exposed weatherometer study on various types of
geomembranes

Geomembrane
Type

Thickness
(mm)

UV Fluorescent
Exposure*

Xenon
Exposure*

Comment

1. HDPE (GM13)
2. LLDPE (GM17)
3. PVC (No. Amer.)
4. PVC (Europe)
5. fPP (BuRec)
6. fPP-R (Texas)
7. fPP (No. Amer.)

1.50
1.00
0.75
2.50
1.00
0.91
1.00

8000 hrs.
8000
8000
7500
2745**
100
7500

6600 hrs.
6600
6600
6600
4416**
100
6600

Basis of GRI-GM13 Spec
Basis of GRI-GM-17 Spec
Low Mol. Wt. Plasticizer
High Mol. Wt.  Plasticizer
Field Failure at 26 mos.
Field Failure at 8 years
Expected Good Performance

*As of 12 July 2005 exposure is ongoing
**Light time to reach halflife of break and elongation

3.3  Laboratory Weatherometer Acceleration Factors

 The key to validation of any laboratory study is to correlate results to actual field

performance.  For the nonexposed geomembranes of Section 2 such correlations will take

hundreds of years for properly formulated products.  For the exposed geomembranes of Section

3, however, the lifetimes are significantly shorter and such correlations are possible.  In

particular, Geomembrane #5 (flexible polypropylene) of Table 3 was an admittedly poor

geomembrane formulation which failed in 26 months of exposure at El Paso, Texas, USA.  The

reporting of this failure is available in the literature, Comer, et al. (1998).  Note that for both UV

Fluorescent and Xenon Arc laboratory incubation of this material, failure (halflife to 50%

reduction in strength and elongation) occurred at 2745 and 4416 hours, respectively.  The

comparative analysis of laboratory and field for this case history allows for the obtaining of

acceleration factors for the two incubation devices.
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 3.3.1 Comparison between field and UV Fluorescent weathering

 The light source used in the UV fluorescent weathering device is UVA with wavelengths

from 295-400 nm.  In addition, the intensity of the radiation is controlled by the Solar Eye

irradiance control system.  The UV energy output throughout the test is 68.25 W/m2.

The time of exposure to reach 50% elongation at break was as follows:

  = 2745 hr. of light
   = 9,882,000 seconds

Total energy in MJ/m2  = 68.25 W/m2  9,882,000
                                      = 674.4 MJ/m2

The field site was located at El Paso, Texas.  The UVA radiation energy (295-400 nm) at this site

is estimated based on data collected by the South Florida Testing Lab in Arizona (which is a

similar atmospheric location).  For 26 months of exposure, the accumulated UV radiation energy

is 724 MJ/m2 which is very close to that generated from the UV fluorescent weatherometer.

Therefore, direct comparison of the exposure time between field and UV fluorescent is

acceptable.

Field time vs. Fluorescent UV light time: Thus, the acceleration factor is 6.8.
= 26 Months  = 3.8 Months

 3.3.2 Comparison between field and Xenon Arc weathering

 The light source of the Xenon Arc weathering device simulates almost the entire sunlight

spectrum from 250 to 800 nm.  Depending of the age of the light source and filter, the solar

energy ranges from 340.2 to 695.4 W/m2, with the average value being 517.8 W/m2.

The time of exposure to reach 50% elongation at break
  = 4416 hr. of light
  = 15,897,600 seconds

Total energy in MJ/m2  = 517.8 W/m2  15,897,600
                                      = 8232 MJ/m2
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The solar energy in the field is again estimated based on data collected by the South Florida

Testing Lab in Arizona.  For 26 months of exposure, the accumulated solar energy (295-800 nm)

is 15,800 MJ/m2, which is much higher than that from the UV Fluorescent device.  Therefore,

direct comparison of halflives obtained from the field and Xenon Arc device is not anticipated to

be very accurate.  However, for illustration purposes the acceleration factor based on Xenon Arc

device would be as follows:

Field vs. Xenon Arc    : Thus, the acceleration factor is 4.3.
= 26 Months  = 6.1 Months

The resulting conclusion of this comparison of weathering devices is that the UV

Fluorescent device is certainly reasonable to use for long-term incubations.  When considering

the low cost of the device, its low maintenance, its inexpensive bulbs, and ease of repair it (the

UV Fluorescent device) will be used exclusively by GSI for long-term incubation studies.

 3.3.3  Update of exposed lifetime predictions

 There are presently (2011) four field failures of flexible polypropylene geomembranes and

using unexposed archived samples from these sites their responses in laboratory UV Fluorescent

devices per ASTM D7328 at 70°C are shown in Figure 5.  From this information we deduce that

the average correlation factor is approximately 1200 light hours ~ one-year in a hot climate.

This value will be used accordingly for other geomembranes.
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 Exposure of a number of different types of geomembranes in laboratory UV Fluorescent

devices per ASTM D7238 at 70°C has been ongoing for the six years (between 2005 and 2011)

since this White Paper was first released.  Included are the following geomembranes:

Two black 1.0 mm (4.0 mil) unreinforced flexible polypropylene geomembranes

formulated per GRI-GM18 Specification; see Figure 6a.

Two black unreinforced polyethylene geomembranes, one 1.5 mm (60 mil) high density

per GRI-GM13 Specification and the other 1.0 mm (40 mil) linear low density per GRI-

GM17 Specification; see Figure 6b.

One 1.0 (40 mil) black ethylene polypropylene diene terpolymer geomembrane per GRI-

GM21 Specification; see Figure 6c.

Two polyvinyl chloride geomembranes, one black 1.0 mm (40 mil) formulated in North

America and the other grey 1.5 mm (60 mil) formulated in Europe; see Figure 6d.
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Figure 6a. Flexible polyethylene (fPP) geomembrane behavior.
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Figure 6b.  Polyethylene (HDPE and LLDPE) geomembrane behavior.



-21-

0

20

40

60

80

100

120

0 10000 20000 30000 40000 50000

Light Hours Exposure

EPDM per GM21
at 70 C

0

20

40

60

80

100

120

0 10000 20000 30000 40000 50000

Light Hours Exposure

EPDM per GM21
at 70 C

Figure 6c.  Ethylene polypropylene diene terpolymer (EPDM) geomembrane.
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Figure 6d.  Polyvinyl chloride (PVC) geomembranes.
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From the response curves of the various geomembranes shown in Figure 6a-d, the 50% reduction

value in strength or elongation (usually elongation) was taken as being the “halflife”.  This value

is customarily used by the polymer industry as being the materials lifetime prediction value.  We

have done likewise to develop Table 6 which is our predicted values for the designated exposed

geomembrane lifetimes to date.

Table 6 – Exposed lifetime prediction results of selected geomembranes to date

Type Specification Prediction Lifetime in a Dry and Arid Climate

HDPE GRI-GM13 > 36 years (ongoing)

LLDPE GRI-GM17 ~ 36 years (halflife)

EPDM GRI-GM21 > 27 years (ongoing)

fPP-2 GRI-GM18 ~ 30 years (halflife)

fPP-3 GRI-GM18 > 27 years (ongoing)

PVC-N.A. (see FGI) ~ 18 years (halflife)

PVC-Eur. proprietary > 32 years (ongoing)

4.0  Conclusions and Recommendations

 This White Paper is bifurcated into two very different parts; covered (or buried) lifetime

prediction of HDPE geomembranes and exposed (to the atmosphere) lifetime prediction of a

number of geomembrane types.  In the covered geomembrane study we chose the geomembrane

type which has had the majority of usage, that being HDPE as typically used in waste

containment applications.  Invariably whether used in landfill liner or cover applications the

geomembrane is covered. After ten-years of research Table 2 (repeated here) was developed

which is the conclusion of the covered geomembrane research program.  Here it is seen that

HDPE decreases its predicted lifetime (as measured by its halflife) from 446-years at 20 C, to

69-years at 40 C.  Other geomembrane types (LLDPE, fPP, EPDM and PVC) have had
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essentially no focused effort on their covered lifetime prediction of the type described herein.

That said, all are candidates for additional research in this regard.

Table 2 - Lifetime prediction of HDPE (nonexposed) at various field temperatures

In Service
Temperature

(°C)

Stage “A” (years) Stage “B”

(years)

Stage “C”

(years)

Total
Prediction*

(years)
Standard

OIT
High Press.

OIT
Average

OIT
20
25
30
35
40

200
135
95
65
45

215
144
98
67
47

208
140
97
66
46

30
25
20
15
10

208
100
49
25
13

446
265
166
106
69

*Total = Stage A (average) + Stage B + Stage C

Exposed geomembrane lifetime was addressed from the perspective of field performance

which is very unequivocal.  Experience in Europe, mainly with relatively thick PVC containing

high molecular weight plasticizers, has given 25-years of service and the geomembranes are still

in use.  Experience in the USA with exposed geomembranes on flat roofs, mainly with EPDM

and CSPE, has given 20+-years of service.  The newest geomembrane type in such applications is

fPP which currently carries similar warranties.

 Rather than using the intricate laboratory setups of Figure 1 which are necessary for

covered geomembranes, exposed geomembrane lifetime can be addressed by using accelerating

laboratory weathering devices. Here it was shown that the UV fluorescent device (per ASTM

D7238 settings) versus the Xenon Arc device (per ASTM D 4355) is equally if not slightly more

intense in its degradation capabilities.  As a result, all further incubation has been using the UV

fluorescent devices per D7238 at 70°C.

 Archived flexible polypropylene geomembranes at four field failure sites resulted in a

correlation factor of 1200 light hours equaling one-year performance in a hot climate.  Using this
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value on the incubation behavior of seven commonly used geomembranes has resulted in the

following conclusions (recall Figure 6 and Table 6);

HDPE geomembranes (per GRI-GM13) are predicted to have lifetimes greater than 36-

years; testing is ongoing.

LLDPE geomembranes (per GRI-GM17) are predicted to have lifetimes of approximately

36-years.

EPDM geomembranes (per GRI-GM21) are predicted to have lifetimes of greater than

27-years; testing is ongoing.

fPP geomembranes (per GRI-GM18) are predicted to have lifetimes of approximately 30-

years.

PVC geomembranes are very dependent on their plascitizer types and amounts, and

probably thicknesses as well.  The North American formulation has a lifetime of

approximately 18-years, while the European formulation is still ongoing after 32-years.

Regarding continued and future recommendations with respect to lifetime prediction, GSI is

currently providing the following:

(i) Continuing the exposed lifetime incubations of HDPE, EPDM and PVC (European)

geomembranes at 70°C.

(ii) Beginning the exposed lifetime incubations of HDPE, LLDPE, fPP, EPDM and both

PVC’s at 60°C and 80°C incubations.

(iii)With data from these three incubation temperatures (60, 70 and 80°C), time-temperature-

superposition plots followed by Arrhenius modeling will eventually provide information

such as Table 2 for covered geomembranes.  This is our ultimate goal.
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(iv)Parallel lifetime studies are ongoing at GSI for four types of geogrids and three types of

turf reinforcement mats at 60, 70 and 80°C.

(v) GSI does not plan to duplicate the covered geomembrane study to other than the HDPE

provided herein.  In this regard, the time and expense that would be necessary is

prohibitive.

(vi)The above said, GSI is always interested in field lifetime behavior of geomembranes (and

other geosynthetics as well) whether covered or exposed.
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-Thaw Cycling Behavior of Geomembranes and Their

Introduction

It is common knowledge that materials in general, and polymeric materials in particular,

will somewhat soften and increase in flexibility under high temperatures and will conversely

somewhat harden and decrease in flexibility under cold temperatures.  While there are indeed

circumstances where high ambient temperatures are important, this white paper focuses entirely

on cold ambient temperatures.  Even further, it addresses cold temperature behavior of the

various geomembranes by themselves and, most importantly, the freeze-thaw cycling behavior of

a large number of geomembrane sheets and their seams.

The stimulus for writing the white paper is the myriad questions that regularly come to

GSI as to the potential negative effects on the tensile strength of geomembranes and their seams

under cold temperature and cyclic freeze-thaw field conditions.  As will be seen, the primary

source for the information to be presented herein is a joint U.S. EPA/U.S. BuRec study

conducted by Alice Comer and Grace Hsuan in 1996.  Other companion technical information

will also be presented.

Cold Temperature Behavior of Geomembranes

A report by Thornton and Blackall (1976) appears to be the first in describing Canadian

experiences with geomembranes in cold regions.  Subsequently, Rollin, et al. (1984) conducted a

laboratory study on 21 types of geomembranes at temperatures down to - 35°C.  They found

increasing tensile strength with decreasing temperature.  Richards, et al. (1985) did similar

studies which also resulted in an increase in strength and a decrease in elongation with

decreasing temperatures.  They evaluated PVC, CPE and HDPE geomembranes and presented

the stress-versus-strain curves at +23°C, -7°C and -26°C temperatures; see Figures 1a, 1b, and



(a) Tensile test results for PVC geomembranes

(b) Tensile test results for CPE geomembranes

(c) Tensile test results for HDPE geomembranes

Figure 1 Stress-versus-strain behavior of three geomembrane types under progressively colder
testing environments, Richards, et al. (1985)



1c.  Here one can readily observe how the sets of curves transition from relatively ductile

behavior at +23°C, to relatively brittle behavior at -26°C, with the intermediate behavior at -

7°C.  There are a few outliers, but the trends are undeniable.   This general behavior was

confirmed by Peggs, et al. (1990) and Giroud, et al. (1993), the latter working with both smooth

and textured HDPE geomembranes.

While this type of thermal behavior is of interest, such information for a specific type of

geomembrane must be obtained by performing or commissioning individual tests so as to obtain

actual design information. Such individual testing is required due to the uniqueness of each

polymer type and its specific formulation.  Additives such as plasticizers, fillers, antioxidants,

carbon black, colorants, etc., can influence the results to varying degrees.  Even the resins

themselves have behavioral differences at different temperatures.  For example, the glass

transition temperature of propylene is -7°C, below which the polymer is glassy and above which

it is characterized as rubbery. In such a case the tensile properties are greatly influenced, as well

as creep and stress relaxation behavior.

There are other aspects of cold temperatures on geomembranes that go beyond the scope

of this white paper.  In particular are cases of impact shuttering failures in cold climates and

installation concerns such as frozen subgrade, bridging, snow and ice removal and worker

discomfort, Burns, et al. (1990).

Freeze-Thaw Cycling of Geomembrane Sheets and Seams

Budiman (1994) reported on both cold temperature behavior but also appears to be the

first to include freeze-thaw cycling for up to 150 repetitions.  He focused entirely on HDPE sheet

(of different thicknesses) but not on seams.  There was no degradation observed during his tests

but he suggested that more cycles would be appropriate.  At approximately the same time a much



larger freeze-thaw study was ongoing.  The final report by Comer and Hsuan was released by the

U.S. Bureau of Reclamation in 1996.  Related papers leading up to this final report are Hsuan, et

al. (1993), Comer, et al. (1995), and Hsuan, et al. (1997).  Their combined study involved 19

different geomembrane sheet materials and 31 different seam types.  Furthermore, seven

different resin types were evaluated.  The resin types were the following:

polyvinyl chloride (PVC)

linear low density polyethylene (LLDPE)

high density polyethylene (HDPE)

flexible polypropylene (fPP)

chlorosulfonated polyethylene (CSPE)

fully crosslinked elastomeric alloy (FCEA)

All except FCEA are currently available, however, changes in additives and formulations have

occurred and will likely to do so in the future.  The entire study was conducted in four discrete

parts although the fourth part was focused on induced tensile stress and stress relaxation and is

not the specific purpose of this white paper.  See Table 1 for the relevant three parts of their

study.

Table 1 Experimental Design of Different Parts of Comer and Hsuan (1996) Study

Part Cyclic Temperature
Range

Maximum
Cycles

Incubation
Condition

Tensile Test
Temperature

I +20°C to -20°C 200 relaxed +20°C
II +20°C to -20°C 200 relaxed -20°C
III +30°C to -20°C 500 constrained +20°C

Part I consisted of 19 sheet materials and 27 seams.  They underwent freeze-thaw cycles

at +20°C for 8 hours and then -20°C for 16 hours.  Tensile tests were then conducted at +20°C

after 1, 5, 10, 20 50, 100 and 200 cycles.



Part II consisted of 6 sheet materials and 13 seams.  They also underwent freeze-thaw

cycling at +20°C for 8 hours and then -20°C for 16 hours. Different in this regard was that

tensile tests were then conducted at -20°C after 1, 5, 10, 20, 50, 100 and 200 cycles.  The -20°C

tests were conducted in an environmental chamber (both specimens and their grips) cooled by

liquid nitrogen and set at -20°C temperature.

Part III consisted of the same set of 19 sheet materials and 27 seams as in Part I but were

now tensioned at a constant strain during the freeze-thaw cycling.  The rack used for the

tensioning is shown in Figure 2a and the assembly within the environmental chamber is shown in

Figure 2b. After the targeted number of freeze-thaw cycles at +20°C for 8 hours and -20°C for

16 hours, specimens were removed and tested at +20°C after 1, 10, 50, 100, 200 and 500 cycles.

(a) Method of applying tensile load to test specimens in Part III tests



(b) Geomembrane racks in holding frame used in Part III series

Figure 2 Method used for tensioning samples during incubation; Comer and Hsuan (1996)

Rather than showing the graphic results of the above freeze-thaw cycling study (it is available in

full in the Comer and Hsuan report by the Bureau of Reclamation and the related papers by these

authors) only the concluding comments will be reproduced here.  They follow verbatim from the

report.

Part I Results on 200 Freeze-Thaw Cycles Tested at +20°C

Tensile tests on

strength or p

Shear tests on the geomembrane

Peel tests on the geomembrane

of any of the tested seam materials.



Part II Results on 200 Freeze-Thaw Cycles Tested at -20°C

Tensile tests on

Shear tests on the geomembrane

Peel tests on the geomembrane

of any of the tested seam materials.

Part III Results on 500 Freeze-Thaw Cycles Tested at +20°C in a Constrained Condition

Tensile tests on

Shear tests on the geomembrane show no change in shear

Peel tests on the geomembrane

of any of the tested seam materials.

Conclusion and Recommendations

This two-part white paper focused initially on the cold temperature tensile behavior of the

stress- versus-strain curves of several different types of geomembranes.  As expected, the colder

the temperature the more brittle, hence less ductile, were the response curves. Geomembranes

made from PVC, CPE and HDPE were illustrated in this regard.  The recommendation reached

for this part of the white paper is that if a formulation-specific geomembrane under site-specific

conditions is to be evaluated for its stress-versus-strain response, actual tests must be

commissioned accordingly.  The literature can only give general trends in this regard.



The second (and more important) part of this white paper focused entirely on freeze-thaw

behavior of geomembranes and their different seam types.  The U.S. Bureau of Reclamation

report is extremely revealing in this regard. The conclusion that the authors reached is that there

-

thaw cycling. It is felt that this conclusion in the context of their study is so impressive that it

on this specific topic.  The essential question

often raised in this regard, i.e., will freeze-thaw conditions affect geomembrane sheets or their

seam behavior,
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CHEMICAL COMPATIBILITY
OF POLY-FLEX LINERS

Chemical compatibility or resistance as applied to geomembranes is a relative term. Actually
compatibility would mean that one material will dissolve in the other such as alcohol in water or grease
in gasoline. An example of incompatibility would be oil and water. In liners it is undesirable to have the
chemicals dissolve in the liner hence the term compatibility is the reverse of what is normally meant in
the chemical industry. In the strictest sense and from a laboratory prospective, chemical compatibility,
as the term applies to this industry, would imply that the chemical has no effect on the liner. On the
other hand, from an engineering prospective, chemical compatibility means that a liner will survive the
exposure to a given chemical even though the chemical could have some effect on the performance of
the liner, but not enough to cause failure. Therefore, one must understand and define chemical
compatibility for a specific project.

Generally polyethylene will be effected by chemicals in one of three ways.

1. No effect—This means that the chemical in question and the polyethylene do not interact. The
polyethylene does not gain (lose) weight, swell, and the physical properties are not significantly
altered.

2. Oxidizes (cross linking)—Chemicals classed as oxidizing agents will cause the polyethylene
molecules to cross link and cause irreversible changes to the physical properties of the liner.
Basically it makes the liner brittle.

3. Plasticizes—Chemicals in this classification are soluble in the polyethylene structure. They do
not change the structure of the polyethylene itself but will act as a plasticizer. In doing so, the
liner will experience weight gain of 3-15%, may swell by up to 10%, and will have measurable
changes in physical properties (i.e. the tensile strength at yield may decrease by up to 20%).
Even under these conditions the liner will maintain its integrity and will not be breached by
liquids, provided the liner has not been subjected to any stress. These effects are reversible
once the chemicals are removed and the liner has time to dry out.

Aside from the effect that chemicals have on a liner is the issue of vapor permeation through the liner.
Vapor permeation is molecular diffusion of chemicals through the liner. Vapor transmission for a given
chemical is dependent primarily on liner type, contact time, chemical solubility, temperature, thickness,
and concentration gradient, but not on hydraulic head or pressure. Transmission through the liner can
occur in as little as 1-2 days. Normally, a small amount of chemical is transmitted. Generally HDPE
has the lowest permeation rate of the liners that are commercially available.

As stated above chemical compatibility is a relative term. For example, the use of HDPE as a primary
containment of chlorinated hydrocarbons at a concentration of 100% may not be recommended, but it
may be acceptable at 0.1% concentration for a limited time period or may be acceptable for secondary
containment. Factors that go into assessment of chemical compatibility are type of chemical(s),
concentration, temperature and the type of application. No hard and fast rules are available to make
decisions on chemical compatibility. Even the EPA 9090 test is just a method to generate data so that
an opinion on chemical compatibility can be more reliably reached.

A simplified table on chemical resistance is provided to act as a screening process for chemical
containment applications.

Poly-Flex, Inc. • 2000 W. Marshall Dr. • Grand Prairie, TX 75051 U.S.A. • 888-765-9359
© Poly-Flex, Inc. • All Rights Reserved
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CHEMICAL RESISTANCE INFORMATION

CHEMICAL CLASS
 CHEMICAL

EFFECT
PRIMARY CONTAINMENT
(LONG TERM CONTACT)

SECONDARY CONTAINMENT
(SHORT TERM CONTACT)

HDPE LLDPE HDPE LLDPE

CARBOXYLIC ACID 1
   - Unsubstituted (e.g. Acetic acid)  B C A C
   - Substituted (e.g. Lactic acid)  A B A A
   - Aromatic (e.g. Benzoic acid) A B A A

ALDEHYDES 3
   - Aliphatic (e.g. Acetaldehyde) B C B C
   - Hetrocyclic (e.g. Furfural)  C C B C

AMINE 3
   - Primary (e.g. Ethylamine)  B C B C
   - Secondary (e.g. Diethylamine) C C B C
   - Aromatic (e.g. Aniline)  B C B C

CYANIDES (e.g. Sodium Cyanide) 1 A A A A

ESTER (e.g. Ethyl acetate) 3 B C B C

ETHER (e.g. Ethyl ether) C C B C

HYDROCARBONS 3
   - Aliphatic (e.g. Hexane)  C C B C
   - Aromatic (e.g. Benzene)  C C B C
   - Mixed (e.g. Crude oil)  C C B C

HALOGENATED HYDROCARBONS 3
   - Aliphatic (e.g. Dichloroethane) +A4  C C B C
   - Aromatic (e.g. Chlorobenzene) C C B C

ALCOHOLS 1
   - Aliphatic (e.g. Ethyl alcohol) A A A A
   - Aromatic (e.g. Phenol)  A C A B

INORGANIC ACID
   - Non-Oxidizers (e.g. Hydrocloric acid) 1 A A A A
   - Oxidizers (e.g. Nitric Acid) 2 C C B C

INORGANIC BASES
(e.g. Sodium hydroxide)

1 A A A A

SALTS (e.g. Calcium chloride) 1 A A A A

METALS (e.g. Cadmium) 1 A A A A

KETONES (e.g. Methyl ethyl ketone) 3 C C B C

OXIDIZERS (e.g. Hydrogen Peroxide) 2 C C C C

Chemical effect (see discussion on Chemical Resistance)

1. No Effect--Most chemicals of this class have no or minor effect.

2. Oxidizer--Chemicals of this class will cause irreversible degradaton.

Page 1 of 2Chemical Resistance Information
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3. Plasticizer--Chemicals of this class will cause a reversible change in physical properties.

Chart Rating

A. Most chemicals of this class have little or no effect on the liner.

Recommended regardless of concentration or temperature (below 150° F).

B. Chemicals of this class will effect the liner to various degrees.
Recommendations are based on the specific chemical, concentration and temperature.
Consult with Poly-Flex, Inc.

C. Chemicals of this class at high concentrations will have significant effect on the physical properties of the liner.
Generally not recommended but may be acceptable at low concentrations and with special design considerations.
Consult with Poly-Flex, Inc.

This data is provided for informational purposes only and is not intended as a warranty or guarantee. Poly-Flex, Inc. assumes no responsibility in
connection with the use of this data. Consult with Poly-Flex, Inc. for specific chemical resistance information and liner selection.

Poly-Flex, Inc. • 2000 W. Marshall Dr. • Grand Prairie, TX 75051 U.S.A. • 888-765-9359
© Poly-Flex, Inc. • All Rights Reserved

Page 2 of 2Chemical Resistance Information

10/20/2008http://www.poly-flex.com/printpg/rfcr.html



























































Basin Disposal, Inc. 
Application for Permit Renewal 

Volume III:  Engineering Design and Calculations 
Section 3:  Geosynthetics Application and 

Compatibility Documentation 
November 2019 (Updated December 2022) 

 

Parkhill  01165722 

 

 

 

 

 

 

 

 

 

 

 

 

ATTACHMENT III.3.B 
GEOTEXTILES REFERENCE DOCUMENTATION 

  











Basin Disposal, Inc. 
Application for Permit Renewal 

Volume III:  Engineering Design and Calculations 
Section 3:  Geosynthetics Application and 

Compatibility Documentation 
November 2019 (Updated December 2022) 

 

Parkhill  01165722 

 

 

 

 

 

 

 

 

 

 

 

 

ATTACHMENT III.3.C 
GEONET REFERENCE DOCUMENTATION  

  



PRODUCT DATA SHEET

AT THE CORE:
A 275 mil thick TenDrain 

geonet heat-laminated on 

one or both sides with a 

nonwoven needlepunched 

geotextile.

GSE TenDrain 275 mil Geocomposite
GSE TenDrain geocomposite consists of a 275 mil thick GSE TenDrain geonet heat-

laminated on one or both sides with a GSE nonwoven needle-punched geotextile. 

TenDrain 275 is comprised of a tri-planar structure consisting of middle ribs that provide 

direct channelized flow, with diagonally placed top and bottom ribs.  The geotextile is 

available in mass per unit area range of 6 oz/yd2 to 16 oz/yd2. TenDrain 275 geocomposite 

provides high transmissivity under high and low loads.

Product Specifications  
Tested Property Test Method Frequency Minimum Average Roll Value(1)

Geocomposite 6 oz/yd2 8 oz/yd2

Transmissivity(2), gal/min/ft, (m2/sec)  
Double-Sided Composite 

ASTM D 4716 1/540,000 ft2

24.2 (5x10-3) 24.2 (5x10-3) 

Ply Adhesion, lb/in ASTM D 7005 1/50,000 ft2 0.5 0.5

Geonet Core(1,3) – GSE TenDrain

Geonet Core Thickness, mi ASTM D 5199 1/50,000 ft2 275 275

Density, g/cm3 ASTM D 1505 1/50,000 ft2 0.94 0.94

Tensile Strength (MD), lb/in ASTM D 7179 1/50,000 ft2 75 75

Carbon Black Content, % ASTM D 4218 1/50,000 ft2 2.0 2.0

Creep Reduction Factor(4) GRI-GC8 per formulation 1.2 1.2

Compressive Strength, psf ASTM D 6364 1/540,000 ft2 60,000 60,000

Geotextile(1,3)

Mass per Unit Area, oz/yd2 ASTM D 5261 1/90,000 ft2 6 8

Grab Tensile Strength, lb ASTM D 4632 1/90,000 ft2 160 220

Grab Elongation ASTM D 4632 1/90,000 ft2 50% 50%

CBR Puncture Strength, lb ASTM D 6241 1/90,000 ft2 435 575

Trapezoidal Tear Strength, lb ASTM D 4533 1/90,000 ft2 65 90

AOS, US sieve(1), (mm) ASTM D 4751 1/540,000 ft2 70 (0.212) 80 (0.180)

Permittivity, sec-1 ASTM D 4491 1/540,000 ft2 1.5 1.3

Water Flow Rate, gpm/ft2 ASTM D 4491 1/540,000 ft2 110 95

UV Resistance, % retained ASTM D 4355
(after 500 hours)

per formulation 70 70

NOMINAL ROLL DIMENSIONS(5)

Roll Width, ft 12.75 12.75

Roll Length, ft
Double-Sided Composite 200 200

Roll Area, ft2 Double-Sided Composite 2,550 2,550

NOTES:

•	(1)	All	geotextile	properties	are	minimum	average	roll	values	except	AOS	which	is	maximum	average	roll	value	and	UV	resistance	is	

typical	value.	Geonet	core	thickness	is	minimum	average	value.	

•	(2)	Gradient	of	0.02,	normal	load	of	7,000	psf,	boundary	condition:	plate/sand/geocomposite/geomembrane/plate,	water	at	70°F	for	

1	hour.

•	(3)	Component	properties	prior	to	lamination.

•	(4)	10,000	hour	creep	test	under	10,000	psf	at	70°F	temperature.

•	(5)	Roll	widths	and	lengths	have	a	tolerance	of	±1%.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve 
built a reputation of reliability through our dedication to providing consistency of product, price 
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow  
us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution.

For more information on this product and others, please visit us at 
GSEworld.com, call 800.435.2008 or contact your local sales office.

This	 Information	 is	provided	for	 reference	purposes	only	and	 is	not	 intended	as	a	warranty	or	guarantee.	GSE	assumes	no	 liability	 in	connection	with	the	use	of	 this	 Information.	
Specifications	subject	to	change	without	notice.	GSE	and	other	trademarks	in	this	document	are	registered	trademarks	of	GSE	Environmental,	LLC	in	the	United	States	and	certain	
foreign	countries.	REV	24OCT2013
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1.0 INTRODUCTION 
Basin Disposal, Inc. (BDI) is an existing Surface Waste Management Facility (SWMF) providing oil 

field waste liquids (OFWL) disposal services.  The existing BDI facility is subject to regulation under 

the New Mexico Oil and Gas Rules, specifically 19.15.36 NMAC, administered by the Oil 

Conservation Division (OCD) of the NM Energy, Minerals, and Natural Resources Department 

(NMEMNRD).  This document is a component of the “Application for Permit Renewal” that proposes 

continued operations of the existing approved waste processing and disposal capabilities.  The 

Facility is designed in compliance with 19.15.36 NMAC, and is operated in compliance with a 

Surface Waste Management Facility Permit issued by the OCD.  The Facility is owned and operated 

by Basin Disposal Inc. 

 
BDI only accepts liquid waste from the production and exploration of oil fields in northwest New 

Mexico and the surrounding areas.  The existing facility is organized in a pattern that allows for 

specific liquid waste acceptance, treatment, evaporation, or injection of clean liquid. 

 
1.1 Site Location 
BDI is located in unincorporated San Juan County on 27.77 acres entirely within Section 3, Township 

29 North, Range 11 West approximately 3 miles north of the intersection of Highway 550 and 64 

(Figure II.1.1). Coordinates for the approximate center of the BDI site are Latitude 36°45’19.92” 

and Longitude -107°58’58.73”. The site is situated approximately 4 miles north of the San Juan 

River, and about 4.7 miles south of the Animas River on Crouch Mesa, about 500 feet and 400 feet 

in elevation above these respective river plains.  The site occupies the West Fork of Bloomfield 

Canyon, an ephemeral drainage channel that drains south to the San Juan River. The site slopes 

gently to the east and southeast, from a maximum elevation of 5,750 feet to less than 5,700 feet.  

Detailed site characterization documentation is provided in Volume IV.  
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1.2 Facility Description 
The existing BDI facility is comprised of 27.7 acres and is comprised of the following: 

• 2 existing evaporation ponds (1 pending 
construction) 

• 12 existing receiving tanks (6 pending 
construction) 

• 4 existing oily water receiving tanks 
• 3 existing skimmed oil tanks  
• 3 oil heating tanks 
• 3 existing settling tanks 
• 7 existing oil sales tanks (2 pending 

construction) 
• 3 existing filtered water tanks 

• 4 existing bleach tanks 
• 1 existing concrete sludge 

solidification basin 
• 2 existing covered below grade tanks 

(containment sumps) 
• 1 UIC Class II injection well for 

disposal of produced water 
• 2 existing separation tanks  
• Various support facilities including an 

office, a maintenance building, roads, 
and a storm water detention basin.   

 
Oil field wastes are delivered to the BDI SWMF from oil and gas exploration and production operations 

in northwestern New Mexico and southwest Colorado. The Site Plan provided as Figure II.1.2 identify 

the locations of the Disposal facilities, evaporation/storage ponds, and all structures. Perimeter of the 

site is surrounded by commercial/industrial businesses on three sides and buffered by a bluff on the 

west side of the Facility. 

 
1.3 Site Conditions 
Existing topography for the site generally drains to the east/southeast at 2% to 5% slopes.  The 

northern boundary of the site is contiguous with commercial properties, portions of which 

contribute run-on to the stormwater management footprint (Watershed #1, Figure III.4.1).  On-

site run-off (Watersheds #2 and #3) will be controlled, along with run-on, by the Stormwater 

Detention Basin located east of existing Evaporation Pond 3.  Site drainage is conveyed by two 

perimeter channels; one to the north of planned Evaporation Pond 2 and existing Evaporation 

Pond 3, and one to the south of the Ponds (Figure III.4.1).  
 
2.0 DESIGN CRITERIA 
The stormwater management systems for the Basin Disposal, Inc. Evaporation Ponds are 

designed to meet the requirement of the regulatory standards identified in the Oil Conservation 

Division 19.15.36 NMAC (Regulations), New Mexico Energy, Minerals, and Natural Resources 

Department.  More specifically, 19.15.36.8.C.(11) NMAC requires:  
a plan to control run-on water onto the site and run-off water from the site that complies with 
the requirements of Subsection M of 19.15.36.13 NMAC;   
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and further 19.15.36.13.M NMAC specifics that: 

Each operator shall have a plan to control run-on water onto the site and run-off water from 
the site, such that: 

(1) the run-on and run-off control system shall prevent flow on the surface waste 
management facility’s active portion during the peak discharge from a 25-year 
storm; and 

(2) run-off from the surface waste management facility’s active portion shall not be 
allowed to discharge a pollutant to the waters of the state or United States that 
violates state water quality standards. 

 
 
3.0 METHODOLOGY 
The approach for the calculation of run-on and run-off stormwater flows was based on the 

Drainage Manual (New Mexico State Highway and Transportation Department, “Drainage 

Manual, Volume 1, Hydrology; Attachment III.4.A).  The Drainage Manual specifies that the 

Simplified Peak Flow method should be used to compute run-off from watersheds less than 5 

square miles.  The total drainage basin acreage for the project area is determined to be 

approximately 10 acres (Table III.4.6), when the area of existing Pond 3 and undeveloped Pond 

2 are subtracted out.   

 
 
4.0 SURFACE WATER CALCULATIONS 
Site conditions at BDI have developed in accordance with the 2009 Permit Modification and Renewal.  

Evaporation Pond 3, the Detention Basin, and the stormwater channels north and south of 

Evaporation Ponds 2 and 3 have been constructed.  The construction of Evaporation Pond 2 is 

pending at the date of this application for permit renewal.  Therefore, the method of drainage 

calculations used in the 2009 permit renewal remain consistent with existing and planned site 

conditions. 

 
The Simplified Peak Flow method was used to determine run-on surface water flow rates.  The 

Simplified Peak Flow method estimates the peak rate of run-on and run-off volume from small to 

medium watersheds.  This method was developed by the Soil Conservation Service (SCS) and 

revised for use in New Mexico.  Infiltration and other losses are estimated using the SCS Curve 

Number (CN) methodology.  Input parameters are consistent with those used in the SCS Unit 

Hydrograph Method.  The Simplified Peak Flow method is used for New Mexico basins less than 5 
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square miles in area and is used when the time of concentration is expected not to exceed 8.0 hours.  

The Simplified Peak Flow method is described as follows: 

 
TABLE III.4.1 - Drainage Calculations 

 
1. Establish the appropriate Design Frequency for analysis:  Per Regulations the Design 

Storm is the 25-year, 24-hour event.  Updated NOAA Atlas 14 Point Precipitation 
Frequency Estimates for New Mexico estimate a 25-year, 24-hour event to be equal to 
2.02 inches (Attachment III.4.B). For the purposes of conservatively estimating a 25-year, 
24-hour event, the previous 2009 permit renewal 25-year, 24-hour event estimate of 2.10 
inches was used.   

2. Estimate the drainage area, A, in Acres: 
a. Run-on Watershed #1 = 1.93 acres 
b. Run-off Watershed #2 = 7.52 acres 
c. Detention Basin Watershed #3 = 0.28 acres 

3. Compute the Time of Concentration, Tc, in hours. 
4. Determine Curve Number:  From Figure 402-2 “Run-off curve Numbers for Urban Areas” 

in Attachment III.4.A; Developing urban areas; newly graded; Soil type A; CN=77. 
5. Because the watershed is less than 1.0 square miles, transmission losses were 

considered. 
6. The average run-off depth, Qd, is obtained from Equation 404-1, Attachment III.4.A pg. 4-88.  

[ ]
8)/800(
2)/200(

24

2
24

−+
+−

=
CNP

CNPQd  Where: P24 = 24-hour rainfall depth (in) and CN= curve 

number. 
7. Compute the design frequency peak flow by the following (Equation 404-2, Attachment 

III.4.A pg. 4-88):  Qp = (Acres)(Qd)(qu) cfs 
8. Compute the stormwater volume (Equation 404-3, Attachment III.4.A pg. 4-89): 

12
AQ

Q d
v

•
=  . 

9. Stormwater that falls within the footprint of the two new Evaporation Ponds (10 ac ±) is 
accommodated within the freeboard calculation (Volume III.5). 

 
The Simplified Peak Flow methods used to determine stormwater flow at the Basin Disposal, Inc. 

site are identified as follows: 
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TABLE III.4.2 - Watershed #1 Calculations 
 
Watershed #1:  Discharge point at north side of detention pond (25-year, 24-hour storm event; 
conservatively estimated at 2.1 inches). 

1. Area = 1.93 acres 
2. Longest travel distance = 156’ (overland flow) + 1039’ (channel flow). 
3. Average slope = 0.128 ft/ft (overland flow) and 0.016 ft/ft (channel flow). 
4. Velocity = 3.5 ft/s (Figure 402-15, Attachment III.4.A pg. 4-47; overland flow). 

5. Tc1 = 














60
1

/5.3
156

sft
ft

= 0.74 min (Equation 402-3, Attachment III.4.A pg. 4-39; overland flow). 

6. Tc2 = 0.0078(10390.77)(0.016-0.385) = 8 min (Equation 403-2, Attachment III.4.A pg. 4-
66;channel flow). 

7. Tc = Tc1 + Tc2 = 0.74 + 8 = 8.74 min. = 0.15 hours. 
8. Curve Number = 77 (Table 402-2, Attachment III.4.A pg. 4-28) for soil group A, newly graded 

areas. 

9. Unit peak discharge   10
)3.0)log(3.0)log((

812.0
5.1

10)(543.0
−−+

−−=
cc TT

cu Tq  cfs/ac-in = 1.98 cfs/ac-in. 

10. Average Run-off Depth = 
[ ]

8)77/800(1.2
2)77/200(1.2 2

−+
+−

=Qd = 0.503 inches (Equation 404-1, 

Attachment III.4.A pg. 4-88). 
11. Design Frequency Peak Flow (Equation 404-2, Attachment III.4.A pg. 4-88)  Qp = (1.93 

acres)(0.503in.)(1.98 cfs/ac-in.) = 1.93 cfs (This flow volume is used in sizing the channel 
north of Evaporation Ponds 2 and 3 which will convey the run-off from Watershed #1). 

12. Stormwater volume (Equation 404-3, Attachment III.4.A pg. 4-89)  Qv = [(Qd) (Acres)]/12 = 
0.08 acre-ft (This volume is used in sizing the detention basin located east of Evaporation 
Pond 3 (see Figure III.4.1)). 
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TABLE III.4.3 - Watershed #2 Calculations 
 
Watershed #2:  Discharge point at southwestern side of detention pond (25-year, 24-hour storm event; 
conservatively estimated at 2.1 inches). 

1. Area = 7.52 acres 
2. Longest travel distance = 555’ (overland flow) + 1123’ (channel flow). 
3. Average slope = 0.0468 ft/ft (overland flow) and 0.015 ft/ft (channel flow). 
4. Velocity = 3.2 ft/s (Figure 402-15, Attachment III.4.A pg. 4-47; overland flow). 

5. Tc1 = 














60
1

/2.3
555

sft
ft

= 2.89 min (Equation 402-3, Attachment III.4.A pg. 4-39; overland flow). 

6. Tc2 = 0.0078(11230.77)(0.015-0.385) = 8.77 min (Equation 403-2, Attachment III.4.A pg. 4-66; 
channel flow). 

7. Tc = Tc1 + Tc2 = 2.89 + 8.77 = 11.66 min. = 0.19 hours. 
8. Curve Number = 77 (Table 402-2, Attachment III.4.A pg. 4-28) for soil group A, newly graded 

areas. 

9. Unit peak discharge 10
)3.0)log(3.0)log((

812.0
5.1

10)(543.0
−−+

−−=
cc TT

cu Tq  cfs/ac-in = 1.75 cfs/ac-in. 

10. Average Run-off Depth = 
[ ]

8)77/800(1.2
2)77/200(1.2 2

−+
+−

=Qd = 0.503 inches (Equation 404-1, 

Attachment III.4.A pg. 4-88). 
11. Design Frequency Peak Flow (Equation 404-2, Attachment III.4.A pg. 4-88)  Qp = (7.52 

acres)(0.503in.)(1.75 cfs/ac-in.) = 6.62 cfs (This flow volume is used in sizing the channel 
south of Evaporation Ponds 2 and 3 which will convey run-off from Watershed #2). 

12. Stormwater volume (Equation 404-3, Attachment III.4.A pg. 4-89) Qv = [(Qd)(Acres)]/12 = 
0.32 acre-ft (This volume is used in sizing the detention basin located east of Evaporation 
Pond 3 (see Figure III.4.1)). 

 
 
 
 

TABLE III.4.4 - Watershed #3 Calculations (Detention Basin) 
 
Watershed #3 (Pond): Assume all rainfall is contained within the Basin area and losses are 
negligible (25-year, 24-hour storm event; conservative estimated at 2.1 inches). 

1. Area = 0.28 acres 
2. Qv = [(2.1 in.)(0.28 acres)]/12 = 0.05 acre-ft. 
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5.0 DRAINAGE CHANNEL DESIGN 
The design frequency peak flow (Qp) is used to size perimeter drainage channels.  Drainage channels 

are sized to convey the volume of runoff from Watersheds #1 and #2, and sizing is based on Hydraflow 

Express Extension for AutoCAD Civil 3D.  Hydraflow Express Extension software computes the 

velocity, depth based on the input values of flowrate, slope, and channel dimensions.   
 

TABLE III.4.5 - Channel Calculations 
 

Channel Q25 (cfs) Slope (ft/ft) Velocity (ft/s) Water Depth (ft) Freeboard (ft) 
North 1.93 0.016 2.97 0.57 1.43 
South 6.62 0.015 3.63 0.78 2.22 

 
 
6.0 DETENTION BASIN DESIGN 
The Stormwater Detention Basin is designed to store the volume of runoff from Watershed #1 

(Table III.4.2), Watershed #2 (Table III.4.3), and Watershed #3 (Table III.4.4) as calculated in 

Section 4.0.  The Detention Basin controls the flow from the North Channel and the South Channel, 

as well as rainfall within the Basin area.  To determine the volume required of the basin the 

Simplified Peak Flow method is used from the NMSHTD Drainage Manual.  The Simplified Peak 

Flow method calculates volume in acre-ft as follows: 
 

TABLE III.4.6 - Detention Basin Summary 
 

Watershed Area (acres) Curve No. P25-yr 24-hr  (inches)* Q25 Volume (acre-ft) 
#1 1.93 77 2.1 0.08 
#2 7.52 77 2.1 0.32 
#3 0.28 NA 2.1 0.05 

Total 9.73 - 2.1 0.45 
Notes:  
*Conservative Estimate 
NA = Not Applicable 
 
 
Based on the available volume in the basin compared to the incoming flow, peak storage in the 

Detention Basin is assumed to be at elevation 5709.5.  At this elevation, available volume = 1.15 acre-

ft and the peak inflow from the 25-year 24-hour storm event is 0.45 acre-ft., therefore the current 

Detention Basin size is more than sufficient to detain the stormwater runoff as a result of the design 

storm event.   
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Foreword

The New Mexico Department of Transportation Drainage Design Bureau is pleased to
present this updated comprehensive Drainage Design Manual (July 2018).  This Manual
provides the drainage criteria, standardized drainage analysis methods and many
related references to be applied for New Mexico Department of Transportation Projects.
This Manual supersedes the previous drainage criteria and drainage manuals listed
here.

Drainage Design Criteria, Fourth Revision, June 2007.
New Mexico Department of Transportation.

Drainage Manual Volume 1, Hydrology, 1995.
New Mexico State Highway and Transportation Department.

Drainage Manual Volume II, Hydraulics, Sedimentation and Erosion, November 1998.
New Mexico State Highway and Transportation Department.

Comments regarding the content of this Manual are welcomed and should be
addressed to:

Bureau Chief, Drainage Design Bureau
New Mexico Department of Transportation
P.O. Box 1149
Santa Fe NM 87504-1149
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100 INTRODUCTION

101 Drainage Design Manual Purpose and Use
The New Mexico Department of Transportation (NMDOT) is responsible for the construction and
maintenance of a vast network of roads throughout the State of New Mexico. Public safety and
prudent investment of public funds in the road network requires that each facility be both
reasonably protected from damaging floods and able to safely carry traffic during most rainfall
events.  Standard methods of analyses and design are continually evolving largely due to the
availability of improved technology and greatly expanded digital databases of watershed land
use and related data, hydrologic data, topography and aerial photography. The purpose of this
manual is to document and standardize, to the greatest practical extent, the state of the practice
for hydrologic, hydraulic, and related drainage analyses, as these are the basis for drainage
design for New Mexico roadways. This Drainage Design Manual is an update to the previous
manuals and documents that are briefly described here.

Previous Manuals and Documents
Volume 1 - Hydrology, (NMSHTD, 1995) and Volume II - Hydraulics, Sedimentation, and
Erosion (NMSHTD, 1998) were developed based on the Department’s needs and the state of
the practice of highway drainage design current in 1995 and 1998. The Drainage Design Criteria
document was last updated in 2007 (NMDOT, 2007).

Many of the best practices presented in the previously referenced documents have been
retained in this update. The impetus to supplement and update the previous 1995 and 1998
manuals and also update the criteria presented in the 2007 document is due to:

- The Drainage Design Bureau’s desire to provide “state of the art” analysis methods
appropriate for the NMDOT and New Mexico

- Changes in the type and quantity of data available (particularly digital) such as rainfall,
stream gage, soils, aerial photography, topography, etc.

- Advances in desktop computing and geographic information systems (GIS), coupled with
computer software

Hotlinks and Cross-References

This Manual contains many hotlinks to referenced source documents.  A hotlink (or hyperlink) is
a connection or direct link to the referenced source document that is available on another server
website, through the internet. In cases when external guidance documents or references are
updated after the publication of this Manual, the latest version of those documents will be
considered the effective document. References with hotlinks (where available) are provided for
the reader to review the source documents.

The hotlinks in this document should be updated regularly since hotlinks can become inactive
when the source websites are modified. If a hotlink becomes inactivated, the reader should
type in the source document title into an internet browser, and the document should be found.
Hotlinks to external documents are shown in blue and underlined. Cross-references to figures,
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tables, equations, sections, appendices and example problems within this document are shown
in bold text.

Drainage Design Manual Update
Many of the design procedures and computation methods have been adopted and extracted
directly from updated analysis and design guidance documents published by federal agencies.
The two most referenced agencies in this Manual are listed here.

Federal Highway Administration (FHWA) for hydraulics, erosion, sediment transport, scour and
countermeasure design (for erosion and scour).  The FHWA website hotlink listed here provides
a full index of all current and archived FHWA publications.
https://www.fhwa.dot.gov/engineering/hydraulics/library_listing.cfm?archived=false

Natural Resources Conservation Service (previously the Soil Conservation Service) Part 630,
Hydrology, National Engineering Handbook, Chapters 1-22. Note that various Chapters have
different dates. The Natural Resources Conservation Service (NRCS) website hotlink listed here
will access this document.
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/water/manage/hydrology/?cid=stelp
rdb1043063

Limitations on the use of each analysis method have been included where applicable.  This
Drainage Design Manual does not include descriptions of the development of, or derivation of
analyses methods except by reference.
This manual is not intended to replace the technical manuals referenced or hotlinked, or to be a
textbook for hydrology, hydraulics erosion/sediment transport or scour.  It is intended to guide
engineers new to highway drainage analysis and design, and those more experienced, with the
goal of standardizing the analysis and design process given the extremely variable rainfall,
elevations, slopes, and soils in New Mexico.

Contact the NMDOT Drainage Design Bureau (DDB) to request spreadsheets developed by the
DDB to assist in various calculations.

The Drainage Analysis and Design Process Basics

These questions should be considered before a project begins, and should be addressed and
incorporated into every drainage analysis and design:

- How much analysis is warranted for the drainage structure given the size, cost,
importance, availability, and quality of data, and consequence of a failure?

- How are failure and non-failure defined?
- What is the probability of failure?
- Are the costs associated with this solution consistent with the benefits?
- Does the solution make sense?
- Will the solution work?
- Can the proposed solution(s) and improvement(s) be practically maintained?

The results should be verified by considering the history and experience as reported by the local
patrol foreman, local records, high water marks, historic aerial photography, “rules of thumb”,
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and other computational methods. Conducting many drainage analyses will provide the
experience that leads to developing good judgment, and will assist in exercising prudent
engineering practice.

Drainage Infrastructure Past Performance

The methods prescribed in the previous manuals have adequately met the need for a balance
between prudent and appropriate design and the capital improvement costs. This statement is
based on discussions with the NMDOT Drainage Design Bureau engineers and general
observations of highway drainage structures around New Mexico, since the publication of the
previous NMDOT drainage manuals and documents.

Summary of Research

During the development of this update, drainage manuals from ten western states excluding
New Mexico, were reviewed to determine the current state of the practice of hydrology and
hydraulics.  The purpose of the review was to discover if other states have developed methods
and/or procedures that would be better suited for New Mexico roadways than those in current
use.  The review and evaluation of those ten drainage manuals revealed that the NMDOT’s
previous analyses/methods are best suited for New Mexico’s needs.  However, there are some
analyses and design approaches as well as improved methods, that are borrowed from other
states and adapted to New Mexico. APPENDIX 10 contains the Summary of Research that
was conducted prior to the preparation of this Drainage Design Manual.

Hydrology

The standard hydrologic analyses methods presented in this Drainage Design Manual should
be applied for all NMDOT projects (except in special circumstances as noted). Use of these
standard methods will ensure consistency of analysis and design. A brief description of each
analysis method is included in this Drainage Design Manual, followed by a step-by-step
procedure to apply the method.  In many instances, a brief description of the method has been
excerpted from its source.  In those cases, a hotlink to the source document is provided.
Example hydrologic analyses problems are included in APPENDIX 6.
This Drainage Design Manual specifies which hydrologic analysis method should be the best
choice for use at a particular drainage structure based on drainage area size, location, available
data, and physical circumstances. By standardizing the process for choosing hydrologic
analysis methods, a consistent and appropriate type and level of analysis is assured for every
drainage structure, large and small.  However, despite these efforts to standardize both the
selection of methods and their reasonable application, proper drainage analysis and design
requires experience and competent engineering judgment.  Drainage engineers working on
NMDOT projects are expected to seek the advice of more experienced engineers when needed
and to apply sound engineering judgment throughout the analysis and design process.

Hydraulics

The previous Volume II (1998) manual was developed during a period when there was a
nationwide push to convert highway design to metric standards. Since that time, the universal
metrification effort has been largely abandoned in most DOTs around the United States
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including the NMDOT.  Many of the updates in this Drainage Design Manual with respect to
Volume II, are related to conversion to English standard units from metric units.

This Manual presents more information and references than the 1998 Manual, specifically many
more hydraulic equations and analysis methods regarding, sediment transport, scour and
erosion countermeasures.  Example hydraulic analysis problems are included in 805APPENDIX
7 and example sediment transport and scour analysis problems are included in APPENDIX 8.

102 Acronyms
AASHTO – American Association of State Highway and Transportation Officials
ADT – Average Daily Traffic
AMAFCA – Albuquerque Metropolitan Arroyo Flood Control Authority
BFE – Base Flood Elevation (FEMA term for the 100-year water surface elevation illustrated on

a Flood Insurance Rate Map)
BLM – Bureau of Land Management
BMP – Best Management Practice
CoCoRAS – Community Collaborative Rainfall, Hail and Snow Network
CFR – Code of Federal Regulations
COA – City of Albuquerque
CWA – Clean Water Act
DACFC – Doña Ana County Flood Commission
DDB – Drainage Design Bureau
DOT – Department of Transportation
EBID – Elephant Butte Irrigation District
EDAC – Earth Data Analysis Center
EPA – Environmental Protection Agency
ESCAFCA – Eastern Sandoval County Arroyo Flood Control Authority
FEMA – Federal Emergency Management Agency
FHWA – Federal Highway Administration
FIRM – Flood Insurance Rate Map
FIS – Flood Insurance Study
GI – Green Infrastructure
GIS – Geographic Information System
LID – Low Impact Development
LIDAR – Light Detection and Ranging
MRCOG – Mid-Region Council of Governments
MRGCD – Middle Rio Grande Conservancy District
MS4s – Municipal Separate Storm Sewer Systems
NEXRAD – Next Generation Radar
NMDGF – New Mexico Department of Game and Fish
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NMDOT – New Mexico Department of Transportation
NMED – New Mexico Environment Department
NMIMT – New Mexico Institute of Mining and Technology
NMOSE – New Mexico Office of the State Engineer
NOAA – National Oceanic and Atmospheric Administration
NPDES – National Pollution Discharge Elimination System
NRCS – Natural Resources Conservation Service
NWS – National Weather Service
PDE – Project Development Engineer
RGIS – Resource Geographic Information System (New Mexico) National Weather Service
ROW – Right-of-Way
RSE – Relative Standard Error
SCS – Soil Conservation Service (now the NRCS)
SSCAFCA – Southern Sandoval County Arroyo Flood Control Authority
SWMP – Storm Water Management Plan
TESCP – Temporary Erosion and Sediment Control Plan
TMDL – Total Maximum Daily Load
USACE – U.S. Army Corps of Engineers
USBLM – U.S. Bureau of Land Management
USBR – U.S. Bureau of Reclamation
USDA – U.S. Department of Agriculture
USEPA – U.S. Environmental Protection Agency
USFS – U.S. Forest Service
USFWS – U.S. Fish and Wildlife Service
USGS – U.S. Geological Survey
USWB – U.S. Weather Bureau

103 References

Federal Highway Administration (FHWA), Website. A full index of all current and archived
FHWA publications are located at the following website.
https://www.fhwa.dot.gov/engineering/hydraulics/library_listing.cfm?archived=false

NMSHTD, December 1995, "Drainage Manual, Volume 1, Hydrology”, Easterling & Associates,
Inc.
http://dot.state.nm.us/content/dam/nmdot/Infrastructure/NMHydrologyManual.pdf

NMSHTD, November 1998, "Drainage Manual, Volume II, Hydraulics, Sedimentation and
Erosion”, Resource Technology, Inc.
http://dot.state.nm.us/content/dam/nmdot/Infrastructure/NMHydraulicManual.pdf
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NMDOT, June 2007, “Drainage Design Criteria for New Mexico Department of Transportation
Projects, Fourth Revision”, Smith Engineering Company and the NMDOT Drainage Design
Bureau Engineers.
http://dot.state.nm.us/content/dam/nmdot/Infrastructure/drainageDesignCriteria.pdf

NRCS, “Part 630 Hydrology, National Engineering Handbook”. Note that various Chapters have
different dates.
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/water/manage/hydrology/?cid=stelp
rdb1043063
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200 DRAINAGE CRITERIA

201 Introduction
This section establishes minimum recommended criteria for drainage structure analyses and
design for NMDOT projects. This section also addresses the NMDOT’s principles and
guidelines related to drainage structure analysis and design criteria.  The design criteria were
developed based on highway or road classification, Average Daily Traffic (ADT), location (urban
or rural), public safety and protection, property protection, public funds availability and economic
impacts.

The design criteria must be applied in conjunction with current NMDOT documents and
drawings that include the “Standard Specifications for Highway and Bridge Construction” and
the “Standard Drawings”.  These may be obtained from the following hotlinks:

http://dot.state.nm.us/content/dam/nmdot/Plans_Specs_Estimates/2014_Specs_For_Highway_
And_Bridge_Construction.pdf

http://dot.state.nm.us/content/nmdot/en/Standards.html

Design variances may be required as a result of budget impacts, right-of-way limitations,
environmental and property impacts, or other constraints. Refer to the NMDOT document titled
“Design Exception, Design Variance & ADA Design Variance Procedures”, November 8, 2016.
Refer to the following hotlink to obtain design variance information from that document.

http://dot.state.nm.us/content/dam/nmdot/Plans_Specs_Estimates/Design_Directives/2016/IDD-
2016-11_(Design_Exception_Variance_and_ADA_Design_Variance.pdf

Such variances are only allowed when all other options have been considered and found
inadequate. If departure from the criteria and design standards for major drainage structures or
systems is necessary, a risk assessment may be required. Section 408 describes the risk
assessment procedure. If a jurisdiction or organization has more stringent criteria than the
NMDOT drainage criteria, those criteria shall govern the hydrologic analyses, hydraulic
analyses and design.

202 Drainage Principles, Guidelines and Definitions
Principles and Guidelines

Drainage system design must consider the following principles and guidelines:

- Preserve, as best possible, the existing drainage path
- Minimize adverse hydraulic affects upstream and downstream of the watercourse

crossing
- Minimize the effect on adjacent properties
- Preserve, as best possible, the existing floodplains
- Promote the passage of sediment and debris as much as possible
- Minimize the effects to the environment including impact on fish, wildlife, and wetlands
- Consider safety and welfare of the traveling public



NMDOT Drainage Design Manual July 2018 Page 2—2

- Protect historic properties and archaeological sites
- Consider and plan for context sensitive design
- Adhere to EPA Permit requirements for Municipal Separate Storm Sewer Systems

(MS4s)
- Consider Green Infrastructure (GI) and Low Impact Development (LID) in MS4 areas
- The drainage system design must be in compliance with all environmental regulations

and permit requirements
- The design must also plan for maintenance access operations

Definitions
Definitions of terms included in this Drainage Criteria Section 200 are included in APPENDIX 1.
Many of these terms are also presented in other Sections of this Manual.

203 Storm Duration and Frequency Criteria
The 24-hour duration storm shall be adopted for all hydrologic analyses.

Minor Arterials, Collectors and Local Roads
Table 203-1 presents the “Storm Frequency Criteria” associated with the Design Flood and
Check Flood for various drainage design items with respect to urban and rural locations and
ADT ranges for Minor Arterials, Collectors, and Local Roads.

Interstate Highways and Principal Arterials
Table 203-2 presents the “Storm Frequency Criteria” associated with the Design Flood and
Check Flood for various drainage design items for Interstate Highways and Principal Arterials.
The criteria are applicable to all ADT ranges.
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Table 203-1 Storm Frequencies for Minor Arterials, Collectors and Local Roads

Table 203-2 Storm Frequencies for Interstate Highways and Principal Arterials
ADT  Range - All

Design Flood Check Flood
Storm Frequency in years "y"

Bridge Freeboard  50 y 100 y
Bridge Scour (a)  100 y 500 y
Existing Culverts  50 y 100 y
New Culverts  50 y 100 y
Sidewalk Culverts  50 y 100 y
Bridge Deck Drains  50 y 100 y
Roadside Ditches and Inlets  50 y 100 y
Median Ditches and inlets  50 y 100 y
Concrete Channels  50 y 100 y
Trunk Lines  50 y 100 y
Curb Drop Inlets  (b)  50 y 100 y
Concrete Wall Barrier (c)  50 y 100 y
a - Check other flood frequencies as appropriate for greater scour depths
b - Curb Drop Inlets criteria apply to curbs and similar vertical barriers up to 8" height,
also applies to slotted drains
c - Concrete Wall Barrier criteria also apply to Concrete Barrier Railing and vertical
barriers greater than 8" height
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204 Hydraulic Criteria for Drainage Structures
Figure 204-1 and Figure 204-2 present typical roadway sketches to define the basic roadway
and drainage related features listed in the criteria tables.

Figure 204-1 Typical Roadway Schematic:
Section with Roadside Ditch and Concrete Wall Barrier

Figure 204-2 Typical Roadway Schematic:
Section with Median Ditch and Curb and Gutter
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Peak Discharge Computation at Culverts and Bridges

When roadside ditches or storm drains add flow to the upstream side of a culvert or bridge,
peak flow from the ditch/storm drain must be added to the peak flow rate of the arroyo to
determine the appropriate flow rate to model through the culvert or bridge.  Except in unusual
situations and as approved by the NMDOT Drainage Design Bureau, differences in Time of
Concentration (Tc) will not be used in this calculation, and the respective peak flows will be
simply added together.

Bridge Scour

Calculate the maximum bridge scour depths at piers and abutments.  Refer to Section 607 for
scour computation methods.  The maximum scour depth may occur during more frequent, less
intense storm events than the frequencies for the Design Flood or Check Flood.  Evaluate scour
for more frequent events if warranted for the circumstance, and then compare to the Design
Flood and Check Flood scour results.

Bridge foundations should be designed by an interdisciplinary team of hydraulic, geotechnical,
and structural engineers.  Bridge foundations shall be designed to withstand the effects of
estimated/calculated total scour that is comprised of long-term channel degradation, contraction
scour, abutment scour and pier scour (if piers are present).

Concrete Channels

Rectangular channels should be avoided if possible due to additional structural design and
construction costs since the walls act as retaining walls.  In addition, the vertical walls
(depending on channel depth) may be difficult to climb out of during a flood, and therefore
present safety issues.  Trapezoidal shaped channels are preferred because the problems
described for rectangular channels are minimized.

Channel Freeboard

Channel freeboard is the additional wall height applied to a calculated water surface. Concrete
channel freeboard shall be computed based on the Design Flood. Freeboard computations are
not required for the Check Flood; however, the Check Flood water surface must remain below
the top of the channel. The City of Albuquerque Development Process Manual (DPM) (City of
Albuquerque, October 2008) criteria and related equations for trapezoidal and rectangular
channels are adopted by the NMDOT.  The hotlink to the DPM main document is provided
below.

http://library.amlegal.com/nxt/gateway.dll/New
Mexico/albuqdpm/albuquerquenewmexicodevelopmentprocessma?f=templates$fn=default.htm$
3.0$vid=amlegal:albuquerque_nm_mc$anc=JD_DPM

If further DPM information is required from the website, please follow these instructions.  After
the DPM opens, perform a search for “freeboard,” then select “Chapter 22 Drainage, Flood
Control, and Erosion Control”, and the appropriate page will be obtained that contains the
trapezoidal and rectangular channel equations and criteria listed below.
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Trapezoidal Channels

Adequate channel freeboard above the Design Flood water surface must be provided and shall
not be less than determined by the following:

where:

V = velocity, ft/s

d = flow depth, ft

Dc = critical depth, ft

1. For flow rates of less than 100 cfs and average flow V of less than 35 ft/s:
Freeboard (ft) = 1.0 + 0.025 V d1/3

2. For flow rates of 100 cfs or greater and average flow velocity (V) of 35 ft/s or greater:
Freeboard (ft) = 0.7 (2.0 + 0.025 V d1/3)

3. For supercritical flow where the specific energy is equal to or less than 1.2 of the specific
energy at Dc, the wall height will be equal to the sequent depth, but not less than the heights
required above.  This condition should be avoided.

http://library.amlegal.com/nxt/gateway.dll/New
Mexico/albuqdpm/albuquerquenewmexicodevelopmentprocessma?f=templates$fn=default.htm$
3.0$vid=amlegal:albuquerque_nm_mc$anc=JD_DPM

Rectangular Channels (not used except with NMDOT Drainage Design Bureau approval)
1. For flow depths of 1.0 ft or less and average flow velocities less than 35 ft/s,

add 1.0 ft
2. For flow depths of 1.0 ft or less and average flow velocities greater than 35 ft/s,

add 1.5 ft
3. For flow depths of greater than 1.0 ft and average flow velocities less than 35 ft/s,

add 2.0 ft
4. For flow depths of greater than 1.0 ft and average flow velocities greater than 35 ft/s,

add 3.0 ft
5. For supercritical flow where the depth is between critical depth (DC) and 0.80 DC, the wall

height must be equal to the sequent depth (depth after a hydraulic jump), but not less
than the heights required above. This condition should be avoided.

Summary

Freeboard, as determine from the previous equations, will be in addition to any super-elevation
of the water surface, standing waves, and/or other water surface disturbances.  When the total
expected height of disturbances is less than 0.5 ft, disregard their contribution.

Unlined portions of the drainage way may not be considered as freeboard unless specifically
approved by the NMDOT Drainage Design Bureau.
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205 Additional Criteria for Bridges, Channels, Culverts, Inlets,
Concrete Wall Barriers and Other Considerations

Table 205-1 Additional Criteria for Bridges, Channels, Culverts, Inlets, Concrete Wall
Barriers and Other Considerations

Bridges - Debris
Estimate pier (if present) debris width and depth and account for conveyance loss
in the hydraulic and scour analyses. Estimate based on urban or rural location,
watershed and watercourse conditions.

Bridges - Sedimentation
Evaluate the structure and mitigate effects with respect to - significant changes to
channel velocity, aggradation or degradation, scour, head cutting, and
conveyance.

Culverts - Bulking and Debris
Factor

Urban and Rural – For clear water calculations apply a 20% factor. For flows
determined by regression equations or a USGS Bulletin 17C analysis of stream
gage data, no additional bulking factor should be applied. Refer to Section
402.11 for bulking factors.

Pipe (storm drain and
culvert) - Material and Wall
Thickness

Select wall thickness based on Corrosion Resistance Number – Section 800
(NMDOT Spec. 570.2.3.1) and cover height.

Curb & Median Drop Inlet
Grates -
Clogging Factor

Inlet Grates on Grade - assume a 25% minimum grate clogging factor.
Inlet Grates in Sag - assume a 50% clogging factor. Inlet grates in sag will require
a minimum of one flanking inlet (an inlet near to and upstream of the sag inlet).
Median Inlet Grates - assume a 50% grate clogging factor.

Concrete Wall Barrier -
Clogging Factor (drainage
slots)

Assume a 50% clogging factor due to minimal opening size.  Wall barrier in sag
will require a minimum of one flanking inlet (an inlet near to and upstream of the
sag inlet).

Detour Drainage Structures

Shall be designed to convey the 2-year flood as a minimum.  However, some
circumstances listed here may require larger flood events.  Consult with the
Drainage Design Bureau.
- A long construction period (longer than 9 months)
- Safety concerns due to roadway overtopping
- Environmental concerns and potential for environmental damage
- Potential for property damage and related economic consequences

Waterstops/turnout humps

All turnouts to NMDOT ROW must be constructed with waterstops (humps),
matching the height of the existing curb and gutter or having a minimum height of
4” if curb and gutter is not present. If full-height waterstops are not geometrically
feasible, consult with the NMDOT Drainage Engineer for alternative
configurations. Turnouts or driveways may discharge runoff to the NMDOT ROW
provided that the contributing runoff is included in design calculations for the
roadway and storm drain system. If NMDOT will discharge roadway runoff to
private property, drop inlets, or other methods to reduce the runoff down the
turnout should be installed immediately upstream of the turnout.

Adjacent Properties Consider and avoid detrimental effects - flooding, sedimentation, or erosion - on
adjacent property.

Irrigation Ditches Ensure that the proposed design does not adversely affect irrigation ditches.

Channel or Stream
Deterioration and
Modifications

Evaluate the proposed structure and mitigate effects with respect to channel
velocity, aggradation or degradation, scour, head cutting, and conveyance.  Make
allowance in channels for conveyance loss due to debris, vegetation and
sedimentation.

Regulatory Requirements

Evaluate proposed structure/project and ensure that any channel or stream
modifications meet the requirements of the U.S. Army Corps of Engineers, the NM
Environment Department, U.S. Fish & Wildlife Service, U.S. EPA, FEMA, and
other agencies.
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206 Design Criteria for Storm Drains and Culverts

Table 206-1 Design Criteria for Storm Drains and Culverts
Design Criteria for Storm Drains and Culverts

Item Design Criteria
STORM DRAINS
Minimum diameter trunk line 24 inch
Minimum diameter laterals 24 inch
Maximum distance between manholes:

24 inch storm drain 300 feet
27-36 inch storm drain 400 feet
42-54 inch storm drain 500 feet
60 inch or greater storm drain 600 feet

Minimum cover on pipe See NMDOT Standard Drawings

Minimum storm drain slope 0.3%
Minimum velocity (trunk and laterals) 2.5 ft/s

Manhole location

Not within an intersection for
linear storm drains, may be at an
intersection for two trunk lines
intersecting at an intersection

CULVERTS
Minimum diameter turnout culverts 18 inch
Minimum diameter non-turnout culverts 24 inch

Minimum cover on pipe See NMDOT Standard Drawings

Minimum slope 0.5%

Slope Match existing slope if steeper
than 0.5%

Minimum velocity 3 ft/s
TEMPORARY CULVERTS

Minimum diameter culverts 12 inch
(18 inch is preferable)

Minimum diameter highway culverts 24 inch

Minimum cover on pipe
See NMDOT Standard Drawings
and account for load during
construction

Minimum slope 0.5%

Slope Match existing slope if steeper
than 0.5%

Minimum velocity 3 ft/s
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207 Design Criteria for Detention and Retention Ponds

Jurisdictional Dams and Non-Jurisdictional Dams
Refer to APPENDIX 1 for definitions as obtained from the following document.

NMOSE Dam Safety Bureau, December 2010, "Rules and Regulations Governing Dam Design,
Construction and Dam Safety".

Design of jurisdictional dams shall be avoided for all NMDOT projects.

DETENTION AND RETENTION PONDS

Refer to New Mexico Environment Department (NMED) for Retention Pond definition,
stormwater infiltration description, and permitting requirements, if any.

NMDOT Requirement - Infiltration losses, considered in retention pond volume computations,
must be documented by infiltration test data or by a qualified reference.

Pond Design Criteria (Detention and Retention Ponds)

- Sediment Bulking
- Computed/simulated clear water hydrographs shall be increased by a sediment

bulking factor to account for sediment volume within the water volume
- Bulking factors will typically range from about 1.0 for a 100 percent urban

impervious watershed including hard lined conveyance systems (no exposed soil
or landscape areas), to a maximum factor of about 1.25 for a rural undeveloped or
damaged watershed. Section 402.11 presents more information and items to
consider regarding determination of sediment bulking factors. Figure 402-19
presents a range of bulking factors for various return period floods.

- Obtain approval from the Drainage Design Bureau regarding sediment bulking
factor assumptions and computed or selected values applied for pond analysis
and design

- Sediment bulking factors shall be applied in addition to the dead storage volume
requirement (see Table 207-1).  Dead storage design provides for additional
design storage volume due to sediment deposition, and accounts for either lack of
maintenance (sediment removal to maintain the design storage volume) and/or
storage volume loss from frequent floods/sediment deposition between
maintenance activities.

- A maintenance schedule may be warranted, depending on accumulated sediment
loads (volumes) and available storage space.

- Principal Spillways
- Minimum outfall conduit diameter shall be 24 inches
- Outfall conduit design maximum pressure and allowable joint pressure capacity

shall be documented
- Detention Ponds - spillways shall provide for floatable debris retention
- Retention Ponds – do not have principal spillways
- Outfall design shall include erosion/scour and energy dissipation structures
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- Outfall conduit shall be oriented in the direction of, and outfall to, the natural
watercourse

- Include water quality features as appropriate (e.g., trash racks, perforated riser)
- Outfall conduit through an embankment shall have piping protection

- Emergency Spillways
- Detention Ponds - shall have an emergency spillway with sufficient capacity to

pass the Check Flood without overtopping the embankment
- Retention Ponds - shall have an emergency spillway with sufficient capacity to

pass the Check Flood without overtopping the embankment
- Spillways shall be directed to the natural watercourse
- Spillway approach, crest, chute, and toe design shall include erosion/scour and

energy dissipation structures

- Pond Embankments
- Maximum pond side slopes and embankment slopes shall be 1 vertical to 3

horizontal (1V:3H) if an approved "seeded gravel mulch" is applied. Otherwise
maximum slopes of 1V:6H or flatter are required to minimize rill/gulley erosion.

- Maximum embankment height is defined as the vertical distance from the lowest
point on the downstream embankment toe to the lowest point on the embankment
crest as defined by the NM Office of the State Engineer Dam Safety Bureau
(NMOSE, December 2010).  This definition shall also apply to NMDOT pond
embankments.

- Embankment crest width shall be:
- 12 feet minimum width if a maintenance access road on crest is required by

NMDOT Drainage Design Bureau
- Crest width may be less than 12 feet if a maintenance access road is not

required, but not less than 3 feet. Crest widths less than 12 feet must be
approved by the NMDOT Drainage Design Bureau

- Crest width shall be designed in conjunction with embankment design and
documented by geotechnical specifications and recommendations

- Crest width requirements do not apply to retention ponds excavated below
ground on all sides

- Maintenance Access Road to Pond Bottom
- Required – maximum slope allowed shall be 1V:8H (12.5%)
- Road surface shall be designed to ensure access and may include crushed

gravel, base course, or other approved materials and design as required
- Road should lead to principal spillway structure if possible

- Miscellaneous Pond Requirements
- An approved permanent sediment stage indication marker (marked in 1 ft

increments) shall be installed in all ponds and shall be located near the
embankment toe and near the principal spillway

- Grade detention pond bottoms to drain at minimum 0.5% slope towards the
principal spillway.  Retention pond bottoms may have 0% slope.
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- Fencing shall be installed along the perimeter of all ponds as required. A variance
to the fence requirement may be possible based on specific circumstances.  For
example, a shallow 1 ft maximum depth pond in a gore area

All designs must be approved by the NMDOT.

Refer to Table 207-1 for additional pond design criteria including:

- Dead storage
- Freeboard
- Allowable peak water surface elevation
- Drain time
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Table 207-1 Criteria for Detention and Retention Ponds

Flood Design Flood Check Flood
Storm Frequency 50-year 24-hour 100-year 24-hour

Design Item

DETENTION PONDS
(Non-Jurisdictional)

(b) (c)

Dead Storage

Rural - Use Check Flood
Rural - provide additional
storage volume equal to 20%
of inflow hydrograph volume

Urban - Use Check Flood
Urban - provide additional
storage volume equal to 10%
of inflow hydrograph volume

Freeboard Rural and Urban - 2 ft of
freeboard to top of embankment

Rural and Urban - 1 ft of
freeboard to top of
embankment

Allowable Peak
Water Surface

Rural and Urban - Water surface
elevation at or below emergency
spillway

Rural and Urban - Emergency
spillway may flow with 1 ft of
freeboard to top of
embankment

Drain Time Rural and Urban - must drain in
less than 96 hours (a)

Rural and Urban - must drain
in less than 96 hours (a)

RETENTION PONDS
(Non-Jurisdictional)

(b) (c)

Dead Storage

Rural - Use Check Flood
Rural - provide additional
storage volume equal to 30%
of inflow hydrograph volume

Urban - Use Check Flood
Urban - provide additional
storage volume equal to 20%
of inflow hydrograph volume

Freeboard Rural and Urban - 2 ft of
freeboard to top of embankment

Rural and Urban - 1 ft of
freeboard to top of
embankment

Allowable Peak
Water Surface

Rural and Urban - Water surface
elevation at or below emergency
spillway

Rural and Urban - Emergency
spillway may flow with 1 ft of
freeboard to top of
embankment

Drain Time
Rural and Urban - must
infiltrate/evaporate in less than
96 hours (a)

Rural and Urban - must
infiltrate/evaporate in less
than 96 hours (a)

MS4 Permit Requirements See Section 207 text and Section 700 for more information

JURISDICTIONAL DAMS (a)

a - See APPENDIX 1 for definitions of non-jurisdictional and jurisdictional dams. Refer to NMOSE Dam Safety
Bureau, December 2010, "Rules and Regulations Governing Dam Design, Construction and Dam Safety".

b - Design all ponds with stormwater quality improvement features.  See Section 506.6.1 for ported principal
spillway concepts and Section 700 for stormwater quality permitting guidance.

c - See Section 207 text for further design requirements including sediment bulking factors only for Detention
Ponds.
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Stormwater Quality MS4 Requirements

All projects and ponds shall be designed with stormwater quality improvement features.  See
Section 700 for permit requirements, additional information regarding stormwater quality design
criteria and Green Infrastructure (GI)/Low Impact Development (LID) information.

Municipal Separate Storm Sewer System (MS4) Permit considerations, computations and
designs shall be addressed in the Preliminary and Final Drainage Reports. The EPA has a Draft
MS4 Permit and a Middle Rio Grande Watershed Based Permit. Note that as the various
permittees begin to implement the permit conditions, it is likely that new best management
practices suited to New Mexico will be developed, and it is possible that the permit conditions
may change. Consult with the Drainage Design Bureau at project inception regarding the latest
permit and design requirements.

(Note – Hotlinks for the referenced documents previously located on the EPA website, were
not available during the preparation of this Drainage Design Manual.)

Pond Design Criteria

MS4 ponds shall be designed for the clear water runoff volume.  Sediment bulking factors are
not required unless special circumstances exist. Dead storage volume is not required but is
recommended if special circumstances exist.  Verify pond design criteria with the Drainage
Design Bureau.

Controlling Runoff from New Development and Re-development

One requirement from the Draft MS4 Permit and the existing Middle Rio Grande Watershed
Based MS4 Permit, is that Green Infrastructure (GI) and Low Impact Development (LID)
practices and control measures shall be implemented under the Post-Construction Stormwater
Management, for New Development and Re-development. Permit conditions also include
requiring controls that mimic pre-development runoff.  For purposes of the MS4 Permit, the pre-
development hydrology can be met by retention of the storm volume associated with the
90th percentile storm event for new development sites, and the 80th percentile storm event for re-
development sites.

The 90th and 80th percentile storm depths may be computed by following instructions in the Draft
Permit and related technical document, or the values in the following table may be adopted by
selection of the nearest location given in the table. Table 207-2 values were obtained from the
Draft MS4 Permit.
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Table 207-2 80th and 90th Percentile Rainfall Events (inches)

Source: USEPA, March 2015, EPA Publication Number 832-R-15-009, “Estimating Pre-
Development Hydrology for Urbanized Areas in New Mexico”.

LOCATION NAME 80th Percentile 90th Percentile

Albuquerque International Airport 0.48 0.65*

Farmington Agricultural Science Center 0.40 0.53

Los Alamos 0.53 0.69

Los Lunas 3 SSW 0.48 0.71

Santa Fe 2 0.50 0.68

State University (Las Cruces) 0.55 0.78

El Paso Airport 0.54 0.82

*Use 0.615 inches per the following paragraph.

Notes related to Table 207-2 and information for the Albuquerque area follow.
The previous predevelopment runoff study (Kosco, et al., 2014) used data from the Albuquerque
International Airport for the period 1950-2012. Because rainfall data for the other stations
studied in the 2015 report did not extend back to 1950, the 2015 report used the most recent
30-year period of record (1983-2013) for all stations which resulted in a slightly higher 90th

percentile event for Albuquerque.  For all NMDOT projects within the small MS4 permit areas,
use the values in Table 207-2.

For the Albuquerque urban area, the following rainfall depth data should be applied from the
previous predevelopment runoff study (Kosco, et al., 2014):  0.48 inches = 80th %, 0.615 inches
= 90th %. This study is referenced specifically in the Middle Rio Grande Watershed MS4 Permit,
and the 0.615 inches shown in this report is the value the EPA has directed to be used.

Alternatively, values may be estimated through site specific pre-development hydrology and
associated storm event discharge volume using the methodology specified in the 2015 USEPA
Technical Report “Estimating Predevelopment Hydrology for Urbanized Areas in New Mexico”.

(Note – Hotlinks for the referenced documents previously located on the EPA website, were not
available during preparation of this Drainage Design Manual.)

The pre-development hydrology requirement may be achieved by retaining the increase in
runoff that will occur from the added impervious area, computed as follows:

1. New Development –The 90th percentile rainfall depth (inches) multiplied by the new
development impervious area, or,

2. Re-development - The 80th percentile rainfall depth (inches) multiplied by the
additional re-development impervious area. The retained runoff volume = (post-
construction impervious area – pre-construction impervious area) * (80th percentile
rainfall depth).

Refer to Section 700 for more information.
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300 NMDOT DRAINAGE ANALYSES
CHECKLISTS, REPORT AND
CONSTRUCTION PLAN
REQUIREMENTS

301 Introduction
This Section presents guidance, information, data sources, and lists most topics that should be
considered for field work and for inclusion into NMDOT Drainage Report submittals.  Adherence
to direction provided in this section will promote reports that lead to a holistic evaluation of
drainage and design issues and will minimize the review effort by the NMDOT Drainage Design
Bureau, and will minimize report re-submittals.  The ultimate goal is to promote economic
design, constructability, and sustainability of proposed drainage structures.

Questions that should be asked during the drainage analysis and design and be addressed or
answered in the drainage report include:

- Is the design buildable?
- Was maintenance access considered and included in the design? Is the design

maintainable?
- Was sustainability considered in the planning and design?
- Were location and related issues considered such as:

- high mountains (snow and ice accumulations, freeze/thaw, perennial streams,
fish habitat and environmental issues, brush and tree debris at culverts and
bridges, erosion and sedimentation);

- desert areas (blowing sand, brush debris, erosion and sedimentation);
- irrigated valleys or low-lying areas (saturated soils)

- Are the subgrade soils and soil profile appropriate for infiltration and recharge?
- Are the subgrade soils expansive or collapsible that requiring special attention to protect

the subgrade from water?
- Will the design enhance, be protective of, or adversely impact wetlands or valuable

habitat?
- Will the ditches and shoulders likely be vegetated?
- Is there a high probability of large volumes of debris, brush, trash impacting drainage

structures?
- Would acquiring more right-of-way make the project easier to maintain and/or construct?

(reducing erosion, avoiding retaining walls, and reducing the sizes of headwalls)
- Did the Engineer consider that in urban areas, as Average Daily Traffic (ADT) increases,

so does highway generated pollution?
- Where would the water discharge if the structure was overtopped or partially clogged?
- What impact will the project have on existing wetlands, sensitive or critical habitat?
- Are there opportunities to create stormwater mitigation areas or credits within or in

association with the project?
- How does the design impact adjacent properties?
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- Are there known water quality issues/limitations (303(d) listed receiving waters – Clean
Water Act Section 303(d) Impaired Waters and Total Maximum Daily Loads (TMDLs))?
https://www.epa.gov/tmdl

- Have stormwater quality improvement features been considered at all locations?

302 Supplemental Data Sources
Supplemental data sources to obtain drainage, flood and water resource information, master
drainage and development plans/record drawings (as-built plans), geographic information
system (GIS) data, mapping, satellite imagery include but are not limited to the following:

Government Agencies:

- NMDOT maintenance patrol records/verbal information
- NMDOT Maps and Records – record drawings (as-built plans)
- Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA)
- Southern Sandoval County Arroyo Flood Control Authority (SSCAFCA)
- Doña Ana County Flood Commission (DACFC)
- Federal Emergency Management Agency (FEMA), Flood Insurance Study (FIS)

Reports and Flood Insurance Rate Maps (FIRMs)
- NOAA Atlas 14 (rainfall data server)
- Next Generation Radar (NEXRAD)
- Community Collaborative Rainfall, Hail and Snow Network (CoCoRAS) (volunteer

rainfall data network, managed by the National Weather Service)
- National Weather Service (NWS) (rainfall data)
- Natural Resources Conservation Service (NRCS) (cover type and soils data)
- U.S. Army Corps of Engineers (USACE)
- U.S. Bureau of Reclamation (USBR)
- U.S. Fish and Wildlife Service (USFWS)
- U.S. Geological Survey (USGS) (on-line stream gage data)
- Mid-Region Council of Governments (MRCOG) (current and historic aerial

photographs and mapping)
- Cities, towns, and villages
- Local community officials – city and county (public works directors and city engineers)
- New Mexico State Police
- County Sheriffs

Irrigation Districts:

- Elephant Butte Irrigation District (EBID) – operates and maintains many irrigation
canals, drains and dams between Percha Dam (below Caballo Dam) and the New
Mexico/Texas state line

- Middle Rio Grande Conservancy District (MRGCD) – operates and maintains many
irrigation canals and drains between Cochiti Dam and the north boundary of the
Bosque Del Apache National Wildlife Refuge

Other Sources:
- Earth Data Analysis Center (EDAC) – maintains a large repository of historical and

recent aerial photography and contour mapping
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- Google Earth and Bing Maps (current and historical aerial photography and street view)
- Internet search for flood or rainfall reports
- New sources, as methods and technologies develop and supersede others
- Individuals that live near the location
- Newspaper records

303 Field Inspection Checklists
Preparation is required prior to a field visit. During the field visit, various items/tasks must be
observed, measured and documented. APPENDIX 1 contains a Field Trip Preparation
Checklist and a Field Trip Observations and Measurements Checklist.  Each checklist should be
copied, reviewed, and completed as appropriate.  The Observations and Measurements
Checklist and associated information obtained during the field trip will provide necessary data
required for hydrologic and hydraulic analyses. These checklists will guide the engineer to
include all items that should be addressed and may help avoid the need for an additional field
visit.

304 Drainage Analysis Requirements
Each drainage study will result in one or more required drainage report(s), each report will
document all analyses and recommended drainage related improvements.  Other tasks that
may be required include preparation of drainage and project related permits and coordination
with agencies such as:

- U.S. Environmental Protection Agency (EPA) for: sediment/erosion control and
stormwater quality issues

- U.S. Army Corps of Engineers (USACE) for: stormwater quality and environmental
related issues

- U.S. Fish and Wildlife Service (USFWS) for: biological assessments, stream and riparian
area wildlife habitat issues

- Federal Emergency Management Agency (FEMA) for: floodplain related issues
- New Mexico Environment Department (NMED) for: stormwater quality and related

environmental issues, infiltration permits
- New Mexico Office of the State Engineer (NMOSE) for: water rights issues and

jurisdictional dam determination (for detention ponds)

The engineer may be required to prepare a Temporary Erosion and Sediment Control Plan
(TESCP).  In addition, coordination with other NMDOT Sections and District offices may be
required.

Project Development and Drainage Tasks
NMDOT projects include a standard set of project development tasks and milestones.  The
standard project tasks and milestones are listed below with drainage related tasks shown in
bold text.
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Typical Project Development Schedule and Milestones

- Preliminary Scoping Report
- Preliminary Field Review
- Drainage Field Inspection*
- 30% Plan Review
- 60% Plan Review
- Preliminary Drainage Report
- Temporary Erosion and Sediment Control Plan
- Draft Final Drainage Report
- 90% Plan Review
- Revised Final Drainage Report
- Final Design Review
- Plans, Specifications, and Estimates

*The Drainage Field Inspection is sometimes combined with the 30% Plan Review.

305 Drainage Reports and Submittal Format
Preliminary Drainage Report

The Preliminary Drainage Report should summarize the results of the preliminary drainage
analyses. Structure size recommendations will be reviewed by the NMDOT Drainage Design
Bureau and will be used for design plans by the NMDOT Highway Design Regions. The
Preliminary Drainage Report is prepared concurrently with the 60% plan preparation. Basic
elements which should be included in the Preliminary Drainage Report are listed below. A much
more detailed Drainage Report Checklist and a Drainage Report Table of Contents Template
are included in APPENDIX 3 and should be used for the actual development of the scope of
analyses and report preparation.  The following is a brief list of the requirements for preparing
Preliminary and Final Drainage Reports:

Items Required on the Cover Include:

- Project Number
- Project Control Number
- Date
- Route Number
- Beginning Milepost Number
- Ending Milepost Number
- Bridge Number(s)
- Document Type: example - Final Drainage Report
- Document Description

Other Items Within the Report Include:

- Professional Engineer - signature, stamp and date
- Drainage design criteria
- Drainage area topographic map with structure locations identified
- Identify soil types, vegetation and land use distribution
- Runoff Curve Number (CN) or Rational Formula Method (C) calculations
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- Rainfall tables
- Time of Concentration calculations
- Summarize the drainage field inspection results
- Document the Patrol Foreman interview
- Drainage Structure Field Inspection forms
- Summary Table of existing and recommended drainage structure sizes and types
- Identify data sources and references used in the analysis

The Preliminary Drainage Report typically does not include detailed output from hydrologic or
hydraulic analyses, however, data and electronic models generated in the analyses process
should be kept on file and submitted with the Preliminary Drainage Report.

Final Drainage Report

The Final Drainage Report is a refinement of the Preliminary Drainage Report.  Preparation of
the hydrologic and hydraulic calculations and models occurs concurrently with the development
of the project design and plan sets.  In order to facilitate timely technical review of the drainage
assumptions, analysis, and design, a Draft Final Drainage Report should be developed and
submitted prior to the 90% Plan Review.  This allows time for any necessary changes to the
analysis or design.  A Revised Final Drainage Report can be submitted after the 90% Plan
Review.

The highway design data must include: plan and profile sheets (with grades), typical roadway
sections, toe of slope lines, and drainage structure survey data. Modifications to the preliminary
hydrologic analyses are completed as required, and final structure sizes are established. A
detailed hydraulic analysis (backwater profiles, flow velocities, etc.) is required for bridge
structures and for some large culvert locations. Analysis of scour depths at critical locations is
required to assist in the design of permanent erosion countermeasure design. At bridge
watercourse crossings with unprotected (unlined) beds/overbanks/abutments/piers, a sediment
transport and sediment continuity analyses upstream and downstream of the bridge will usually
be required.

Drainage Report Checklist
Please refer to APPENDIX 3 for a Drainage Report Checklist that presents a comprehensive
drainage report outline which will serve as a guide during drainage report preparation.  This
Checklist will assist both the engineer in preparing the scope of the drainage report, and the
NMDOT reviewer.

Drainage Reports may not require every item in the Checklist as some items may not be
relevant to the analysis or design.  The Checklist is provided as a reminder to consider these
items during analysis, design, and report development.  A Drainage Report Table of Contents
Template is also included in APPENDIX 3.

Drainage Reports Submittal Format

The NMDOT Drainage Design Bureau will require the following items:

- A digital PDF copy of the stamped and signed drainage report text and appendices
- A digital submission of the hydrologic and hydraulic models
- A digital submission of spreadsheets and other relevant supporting computations and

documents
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- Quality Assurance and Quality Control (QA/QC) documentation, including written
responses to all comments on Plan Sets, Preliminary and Final Drainage Reports

The NMDOT will typically not require a paper submittal, unless specifically requested.
Coordinate with the NMDOT Drainage Design Bureau regarding additional or specific
information and the format required to assist in the NMDOT review of the preliminary and final
drainage analyses, models, recommendations, and reports.

Municipal Separate Storm Sewer Systems (MS4s)
For projects within a USEPA designated MS4, the requirements, applicable data, information
and calculations shall be included in the Drainage Report(s).  Refer to Section 700 for
permitting requirements.

306 Temporary Erosion and Sediment Control Plans
Design of temporary erosion and sediment control measures or plans are not included in the
Preliminary or Final Drainage Reports.  The drainage design for erosion and sediment control
features and Best Management Practices requires the engineer to refer to the document
“National Pollutant Discharge Elimination System Manual (Stormwater Management Guidelines
for Construction and Industrial Activities, Revision 2)”, NMDOT, August 2012, or current version.
The Drainage Design Bureau or the Bureau consultants, prepare Final Stabilization, Erosion
and Sediment Control Plans (post construction conditions), while it is the construction
contractors’ responsibility to prepare Temporary Erosion and Sediment Control Plans for
construction phase activities.

NMDOT, August 2012, “National Pollutant Discharge Elimination System Manual - Stormwater
Management Guidelines for Construction and Industrial Activities, - Revision 2”.
http://dot.state.nm.us/content/dam/nmdot/Infrastructure/NPDESM.pdf

307 Construction Plan Drainage Requirements

The following information must be included in the NMDOT construction plans, typically within
the 10-Series.

Bridges - Annotate the plans with the following information:
a. DA = drainage area in acres or square miles
b. Qx = design peak flow rate in cfs = Design Flood flow; with “x” representing the Design

Flood recurrence interval
c. HWx = headwater in feet; listed as either depth from the upstream bridge invert to water

surface at the upstream bridge deck, or the elevation of water surface; with “x”
representing the recurrence interval



NMDOT Drainage Design Manual July 2018 Page 3—7

Through Culverts - Annotate the plans with the following information:
d. DA = drainage area in acres or square miles
e. Qx = design peak flow rate in cfs = Design Flood flow; with “x” representing the Design

Flood recurrence interval
f. HWx = headwater in feet; listed as either depth from the culvert invert to water surface,

or the elevation of water surface; with “x” representing the recurrence interval

Drop Inlets - Annotate the plans with the following information:
g. DA = drainage area in acres or square miles
h. Qx = design peak flow rate in cfs = Design Flood flow; with “x” representing the Design

Flood recurrence interval
i. HGLx = hydraulic grade line shown in profile; with “x” representing the recurrence

interval

Storm Drain Network Pipes - Annotate the plans with the following information:
j. Vx = velocity in ft/s for the Design Flood flow; with “x” representing the Design Flood

recurrence interval
k. Qx = Design peak flow rate in cfs = Design Flood flow; with “x” representing the Design

Flood recurrence interval
l. HGLx = hydraulic grade line shown in profile; with “x” representing the recurrence

interval
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400 HYDROLOGY
The standard methods of hydrologic analyses presented in this Drainage Design Manual should
be used for all New Mexico Department of Transportation (NMDOT) structure analyses and
design projects. Use of these standard methods will ensure consistency of analysis and design
methods to the greatest extent possible.  A brief description of each analysis method is
included, followed by a step by step procedure to apply the method. APPENDIX 6 contains
example problems to assist the drainage engineer.  Note, that for the purposes of water quality
protection within a designated Municipal Separate Storm Sewer System (MS4), methods other
than the standard methods are prescribed in Section 700.

This Drainage Design Manual specifies which hydrologic analysis method should be applied for
use at a particular drainage structure based on drainage area size, location, available data, and
physical circumstances. By standardizing the process for choosing hydrologic analysis methods,
the intent is that a consistent, appropriate type, and level of analysis is assured for every
drainage structure, large and small.  Despite the efforts to standardize both the selection of
methods and their reasonable application, proper drainage analysis and design is not complete
without the inclusion of competent engineering judgement.  Drainage engineers working on
NMDOT projects are expected to apply sound engineering judgement and/or to seek the
counsel of more experienced engineers when questions or uncertainty exists throughout the
analysis and design development process.

Questions such as these should be considered in every drainage analysis:

- How much analysis effort is warranted for this structure given the size, cost, importance,
and consequences of a failure?

- How are failure and non-failure defined?
- What is the probability of failure?
- What are the consequences of a failure?
- Do the analyses results make sense?
- Are the costs associated with the proposed structure(s) consistent with the benefits?
- Will the proposed structure(s) be functional?
- Can the proposed improvement(s) be practically maintained?

Checking the analyses results against experience reported by the local patrol foreman, local
records, high watermarks, historic aerial photography, “rules of thumb”, and other computational
methods are all part of gaining experience that leads to developing good judgment, and the
exercising of prudent engineering practice.

401 NMDOT Approach to Hydrologic Analyses
The NMDOT is tasked with providing transportation facilities that are reasonably safe for the
public within the realities of budget and widely varying soils, topography and climate conditions.
A safe roadway environment includes proper roadway drainage, and properly designed
drainage structures. The NMDOT’s goal is to design and construct roadways and drainage
structures that meet minimum design standards and do so within the realities of budgetary
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constraints. Section 200 of this Manual presents the current minimum drainage criteria that
shall be applied for NMDOT projects.

The NMDOT also recognizes that the effort associated with the design and analysis of drainage
structures and roadways must be commensurate with the importance of the transportation
facility. Small culverts on low volume roads in remote areas normally do not require exhaustive
analyses.  For this reason, the NMDOT has established a hierarchy of drainage analysis
methods to ensure that appropriate design methods are available and applied.

The goal of the NMDOT Drainage Design Bureau is to standardize the hydrologic analysis
methods applied on NMDOT projects, which have a demonstrated performance record in New
Mexico. Many hydrologic analysis methods have been used in New Mexico with widely varying
results. Some of these methods do not work well in this state, or perhaps are valid only for a
particular region of New Mexico. Furthermore, within each hydrologic analysis method, there is
some range of judgement or interpretation needed and allowed.

By standardizing hydrologic analysis methods, drainage analysis confusion and debate will be
minimized. This Manual provides guidelines for the use of NMDOT approved hydrologic
analysis methods, along with visual aides to promote consistency in the selection of parameters
which describe physical characteristics such as Runoff Curve Numbers.

The hydrologic methods presented in this manual (with exception of the Rational Formula
Method) are based almost entirely on the three publications by the Natural Resources
Conservation Service (NRCS), formerly the Soil Conservation Service (SCS).  These three
document titles and hotlinks as available are listed here.

NRCS, “Part 630 Hydrology, National Engineering Handbook”. Note that various Chapters have
different dates.
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/water/manage/hydrology/?cid=stelp
rdb1043063

NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds”.
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf

SCS, February 1985, “Peak Rates of Discharge for Small Watersheds, Chapter 2, Engineering
Field Manual for Conservation Practices”.
(Not available on the NRCS website or the internet)
The most pertinent sections from these references have been excerpted directly for ease of use.
If further explanation or background information is required, the engineer is directed to the
NRCS website where the complete National Engineering Handbook and TR-55 may be found.
APPENDIX 5 contains a copy of the February 1985 document as it is not available on the
NRCS website or the internet.

Organization of the Hydrology Section of this Manual
Section 402 provides material that is foundational to the understanding and use of the
hydrologic methods which follow in Section 403 through Section 408. However, to facilitate the
use of this Manual, sufficient information is provided within each of the method specific sections
for the experienced practitioner to be able to perform analyses without having to reference
material outside that section. As a result, there is necessarily some repetition of material from
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Section 402 in the sections that follow.  If, when needing a refresher or clarification of
foundational principles, the material and references are provided in Section 402.

401.1 Purposes Served by Hydrologic Analyses
Hydrologic analyses are required in both the evaluation of the hydraulic and scour design
adequacy of existing drainage structures and to appropriately size and protect proposed new
structures.  These analyses also serve to determine the drainage impacts that existing and
proposed facilities will have on upstream and downstream properties and facilities.

Hydrologic analysis considers the physical processes in a watershed that convert precipitation
to runoff.  The hydraulic analysis and drainage structure design is dependent on the hydrologic
analysis results.

The analyses and design of drainage facilities requires the engineer to:

- Select the appropriate design storms and level of protection desired, specified in terms
of the probability of the facility’s capacity being exceeded

- Determine the flow rate and/or volume
- Compute in many cases, the corresponding water surface elevation, sediment transport,

and scour for that particular stream reach and structure

Peak runoff or discharge in cubic feet per second (cfs) is generally all that is needed in the
design of facilities such as storm drain systems, culverts, and sometimes bridges. Hydrographs
(flow rate as a function of time) are required for systems that are designed to detain or retain a
specified runoff volume, such as detention storage facilities, pump stations, flood routing
through culverts/bridges, or when sediment transport analyses are required. Thus, depending
on the needs of a particular project, the hydrology study may provide:

- A flow rate for which a return period is specified
- A volume of runoff expected with a specified storm duration, for which the storm return

period is specified
- A hydrograph (flow rate as a function of time) for a specified return period. The addition

of time allows for determining the effects of storage and/or hydrologic routing from one
analysis point to another, and is required for sediment transport analyses

Several methods are provided for use in hydrologic analyses in New Mexico, which are
discussed in more detail in Section 401.2. A summary of these methods is provided below.

- Rational Formula Method – This Method is appropriate for simple watersheds of 160
acres or less and where only a peak runoff rate is needed, however is not to be used for
runoff volume computations. Section 403 describes the use of the Rational Formula
Method.

- NRCS Simplified Peak Discharge Method – This Method is based on the SCS, February
1985 document titled, “Peak Rates of Discharge for Small Watersheds, Chapter 2,
Engineering Field Manual for Conservation Practices”, and in watersheds with areas up
to 10 square miles. Refer to Section 404.2 for limitations that must be observed with this
Method. Section 404 describes the NRCS Simplified Peak Discharge Method.
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- NRCS (SCS) Unit Hydrograph Method within U.S. Army Corps of Engineers “HEC-HMS
(Hydrologic Modeling System)” – The HEC-HMS program is a very robust modeling tool
and is applicable, but perhaps not most appropriate for all applications. Section 405
describes the use of the NRCS Unit Hydrograph Method within HEC-HMS.

- USGS Regional Regression Equations – The U.S. Geological Survey, in cooperation
with the NMDOT, updated estimates of peak-discharge magnitude for individual gaging
stations in the region and updated regional equations for estimation of peak discharge
and frequency at ungaged sites. Equations were developed for estimating the magnitude
of peak discharges for recurrence intervals of 2-, 5-, 10-, 25-, 50-, 100-, and 500-years at
ungaged sites by use of data collected through 2004 for 293 gaging stations on
unregulated streams that have 10 or more years of record. Section 406 describes the
use of the USGS Regional Regression Equations. StreamStats is a web-based tool that
provides stream flow statistics, drainage basin statistics and other useful information for
USGS stream gaging stations and for user selected ungaged steam site locations.

- Watersheds with Stream Gage Data – Performing hydrologic analyses on watersheds
with stream gage data is described in Section 406.

- Statistical Methods in Watersheds without Stream Gage Data – This topic is described in
Section 407.

- Risk and Uncertainty in Hydrologic Analyses and Design – This topic is described in
Section 408.

- Hydrologic Information Required for Water Quality Protection – This topic is described in
Section 700.

401.2 Selection of Hydrologic Method
The NMDOT Drainage Design Bureau has established specific hydrologic analysis methods to
be used on NMDOT projects. The appropriate method is initially selected based on study
requirements and the level of effort required as defined by the Drainage Design Bureau.  Then
the method selected is based on drainage area size and whether the highway facility is located
in an urban or rural area. In general, NMDOT personnel and consultants to the NMDOT are
required to use the hydrologic methods specified below. The NMDOT Drainage Design Bureau
may allow or require other hydrologic analysis methods to be used, depending on project
specific circumstances. Contact the Drainage Design Bureau and obtain approval if there
appears to be a conflict between methods required by this Manual and local methods before
using a method other than those specified below.

Figure 401-1 and Figure 401-2 are used to select the appropriate hydrologic method for rural
watersheds or urban conditions for a particular drainage structure.  In areas where a local
government agency has a drainage policy which mandates a specific hydrologic analysis
method, consult with the NMDOT Drainage Design Bureau to determine the appropriate
analysis method. For example, the City of Las Cruces specifies the use of the NRCS Simplified
Peak Discharge Method for all projects except those requiring a hydrograph (ponds). Also,
when a drainage basin size is on the border (plus or minus 10%) between two size categories,
the more detailed analysis method shall generally be used. At the discretion of the engineer and
approval of the NMDOT Drainage Design Bureau, the Unit Hydrograph Method may be
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substituted for the Simplified Peak Discharge Method and the Simplified Peak Discharge
Method may be substituted for the Rational Formula Method.

Given the wide range of Standard Error of Estimates of peak discharges found in the USGS
Regional Regression Equations, the use of this approach as the sole source of estimates of
peak discharge is only allowed with the approval of the NMDOT Drainage Design Bureau.  With
the availability of public Geographic Information System (GIS) based aerial photography, soils
data, and the ease by which this data can be collected and incorporated into both the NRCS
Simplified Peak Discharge Method and the NRCS Unit Hydrograph Method in HEC-HMS, these
methods should be used to develop the primary hydrology on basins exceeding the 160 acre
Rational Formula Method limit. The USGS Regression Equations should generally be limited to
confirming order of magnitude validations of deterministic methods and only for very preliminary
estimating.
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Figure 401-1 Hydrologic Method Selection – Rural Watersheds
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Figure 401-2 Hydrologic Method Selection – Urban Conditions
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401.3 Basic Requirements for Drainage Studies
This Section describes the basic requirements of a drainage study and schedule for a NMDOT
project. NMDOT projects that require drainage studies and drainage reports must identify the
drainage criteria applied, and the hydrologic and hydraulic methods/analyses applied to develop
the drainage structure design requirements. Most projects require two or more drainage reports
that summarize the required drainage improvements for the project. The drainage engineer's
responsibility typically does not end with the drainage report.

The NMDOT Drainage Design Bureau staff engineers prepare drainage reports and provide
support to the NMDOT Environmental Bureau for obtaining permits (EPA, USACE, FEMA).
NMDOT Drainage Design Bureau engineers also develop Sediment and Erosion Control Plans,
and coordinate with other NMDOT sections.  Similar responsibilities may be required of NMDOT
consultants.  No matter how limited or broad the project scope of services, a drainage study and
associated drainage report(s) will be required.

Most NMDOT projects include a standard set of project development milestones within the
NMDOT project development schedule. These standard milestones including drainage elements
are shown in bold below.

Typical Project Development Schedule and Milestones

- Preliminary Scoping Report
- Preliminary Field Review
- Drainage Field Inspection*
- 30% Plan Review
- 60% Plan Review
- Preliminary Drainage Report
- Temporary Erosion and Sediment Control Plan
- Draft Final Drainage Report
- 90% Plan Review
- Revised Final Drainage Report
- Final Design Review
- Plans, Specifications and Estimates

*The drainage field inspection is sometimes combined with the 30% Plan Review.

401.4 Drainage Field Inspection and Drainage Reports
Drainage Field Inspection

Field inspection of the project from a drainage perspective is a critical element of the drainage
study process. A thorough inspection will often reveal design considerations which cannot be
deduced from aerial photography and available topographic mapping. The drainage field
inspection should be performed in the preliminary drainage report phase of the project, after
basic data collection and after the preliminary hydrologic analysis has been performed. In this
sequence, the field inspection can be used to verify design assumptions, locate and size
existing structures, and evaluate the potential impacts of proposed drainage improvements. This
is an opportunity to field verify preliminary design assumptions. A list of questions/items should
be developed during the preliminary hydrologic analysis which need field verification.
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A Field Observation and Measurements Checklist is located in APPENDIX 3. A checklist may
be used as a reminder of features to observe and quantify in the field. The checklist forms
should be completed in the field for all existing drainage structures. Be sure to allow adequate
time for the drainage field inspection, particularly if field surveys of structure inlet/outlet
conveyances are planned.

Preliminary and Final Drainage Reports
Refer to Section 305 for more information regarding drainage reports and report submittal
requirements.

401.5 References

NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds”.
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf

NRCS, “Part 630 Hydrology, National Engineering Handbook”. Note that various Chapters have
different dates.
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/water/manage/hydrology/?cid=stelp
rdb1043063

Soil Conservation Service (NRCS), 1973, Rev. ed. February 1985, Rev. ed. 2014, “Peak Rates
of Discharge for Small Watersheds, Chapter 2, Engineering Field Manual for Conservation
Practices”.
(Not available on the NRCS website or the internet, APPENDIX 5 contains a copy)

U.S. Army Corps of Engineers Hydrologic Modeling System HEC-HMS, 2015.
http://www.hec.usace.army.mil/software/hec-hms/
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402 General Data Requirements for Hydrologic Analyses
To properly prepare hydrologic analyses, it is fundamental to have a solid grasp of the major
physical processes, especially, between precipitation and the earth upon which it falls.
Figure 402-1 depicts the hydrologic cycle in schematic form illustrating the processes and
interactions.

Source: NRCS, 1997, “Part 630 Hydrology, National Engineering Handbook, Chapter 1
Introduction”, Cover Page.

http://www.wcc.nrcs.usda.gov/ftpref/wntsc/H&H/NEHhydrology/ch1.pdf

Figure 402-1 Hydrologic Cycle

Hydrologic analyses are generally data intensive. Unlike structural and pavement design with
known loads, the design discharges are unknown, and must be determined for each design
project for each component within a project. No two drainage structures share exactly the same
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circumstances (drainage area, shape, slope, soils, land use, rainfall, and design criteria), the
specifics drive the design analysis.

The basic assumptions which are the foundation of each of the hydrologic analysis methods
described in this Manual are:

- Rainfall is distributed uniformly over the basin (or subbasin in very large models)
- The rainfall/runoff derivation (Runoff Curve Number (CN), Rational Formula Method

Runoff Coefficient (C)) is representative of the average runoff conditions in the basin or
subbasin

- The basin Time of Concentration (Tc) represents the time it takes for runoff to reach the
analysis point from the most hydraulically remote location in the basin or subbasin

- The basin or subbasin slope is relatively uniform throughout the basin or subbasin

When these assumptions are not met, the results are less likely to be accurate or reproducible.
Most often, the solution is to subdivide the basin further (within reason).

402.1 Record Drawings and Planned Improvements Information
The hydrologic analysis method selection process begins with the specific project and structure
requirements which are determined by the current and/or planned importance of the highway
facility it supports.  If the project involves existing drainage structures, it is critical to obtain the
record drawings (as-built drawings) and ideally, the drainage report which supported the original
design.  If the project involves new construction, schematic design plans should be available for
use in locating and sizing structures. See Section 200 for more discussion on drainage design
criteria related to roadway classification and other parameters.

402.2 Basin and Subbasin Delineation
Regardless of the hydrologic analysis selected, the drainage basin area is always required.
Basic to all hydrologic methods is the assumption that the basin or subbasin can be reasonably
characterized by one set of hydrologic parameters (soils, slope, rainfall, vegetative cover, and
land use). The further from this assumption and the parameters within a basin and subbasin
vary, the less accurate and reproducible the results of the analyses will be.

Good “rules of thumb” to follow regarding basin and subbasin sizing are that the length of a
basin or subbasin should not exceed 4 times its width and that no subbasin should be more
than 10 times larger than the smallest subbasin (NRCS, 2007, “Part 630 Hydrology, National
Engineering Handbook, Chapter 16 Hydrographs”).
http://www.wcc.nrcs.usda.gov/ftpref/wntsc/H&H/NEHhydrology/ch16.pdf

Basins should be delineated so that soils, cover, land use, slope, and size allow each subbasin
to be relatively homogeneous within itself rather than being driven or limited strictly by the
location and/or number of analyses points (points of interest) within the basin.  These limitations
will generally lead to the creation of smaller subbasins that is sometimes dictated by the number
and/or location of analysis points. Subbasin size delineation (small, medium, large) within a
basin, is based on judgment and experience, and these can be gained by regularly analyzing
several different subbasin sizes and configurations, and comparing the results. This sensitivity
analysis should be developed early in the hydrologic analysis in order to select the appropriate
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size subbasins. Experience will lead to confidence in knowing how to delineate and size
subbasins correctly. Figure 402-2 is an example of the subbasin delineation process.

Figure 402-2 Basin Delineation

Drainage basins and subbasins are typically defined graphically using the best available
topographic mapping, supplemented with aerial photography and when possible, field
verification.  USGS topographic maps at 1:24,000 scale provide adequate detail for most rural
NMDOT projects and are available for all areas of New Mexico digitally from New Mexico
Resource Geographic Information System (RGIS) at: http://rgis.unm.edu/getdata/#. In addition,
LIDAR topography is available for many parts of the state in digital form, and the LIDAR
coverage area is ever increasing.

Drainage structures crossing roadways are typically located at low spots in the terrain and are
always provided where a watercourse crosses or impacts the roadway. Drainage basin
boundaries are drawn from the drainage structure location(s), on topographic maps, proceeding
uphill such that the boundary encompasses all land which can drain to the crossing structure
location.  A simple test is to imagine a drop of rain falling on the ground and to follow the path it
takes as it flows downhill.  Drainage basin boundary lines are drawn perpendicular to the
topographic contour lines, following the ridgetops.

The total basin drainage area can be measured after the drainage basin has been defined.
USGS maps are now available in digital format so that this measurement can be made with a
GIS tool.  A simple guideline should be employed to crosscheck the total drainage area by
multiplying the average watershed length by the average watershed width.
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Each drainage basin should be qualitatively assessed by the following:

- What hydrologic analysis method is required based on drainage basin size? This may be
an iterative process since some methods have size limitations. (e.g. Rational Formula
Method ).

- Is the overall drainage basin shape somewhat consistent with implicit assumptions built
into the analytical design methods? (i.e., length/width ratio, size relative to other
subbasins in the watershed model).

- Subbasins should be sized as uniformly as possible (don’t mix 0.5 square mile
subbasins with 20 square mile subbasins). The guideline is that no subbasin should be
more than 10 times larger than the smallest one in the basin.

- Subbasins should have fairly homogeneous soils, land use, topographic characteristics,
and drainage network patterns within themselves. For example, significant areas of
mountains, foothills, alluvial plains, and valleys should be in separate subbasins where
possible.

- Subbasins should be delineated for each significant tributary at the confluence with the
major waterscourse where possible.

- Check to see if roads, diversions, ponds, or other features within the subbasin(s) prevent
it from behaving as a uniform, homogeneous watershed. Determine if these features
alter flow paths or velocities, create significant storage, or contribute to directly
connected imperviousness determinations.

- In flat terrain, are there roads, railroad fill, irrigation facilities or other development
features which act as drainage divides or diversions?

- Are there effects of storm drainage networks within urban areas?

When these factors are accounted for, parameters such as Time of Concentration (Tc), Runoff
Curve Number (CN) and Rational Formula Method (C), will more accurately portray the basin
runoff response.

An additional consideration when delineating basins is the recognition of the effect that the
basin shape can have on the shape (and peak rate) of the resulting hydrograph. Figure 402-3
and Figure 402-4 show the effects on the shape of the resultant hydrograph from different
shaped drainage basins. Avoid delineating drainage subbasins which are particularly elongated
or short and wide. Consider redelineating the subbasins to generally follow the “rules of thumb”
(Section 402.2).
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Source: NRCS, 2007, “Part 630 Hydrology National Engineering Handbook, Chapter 16
Hydrographs”, Figure 16-2(a), p. 16-5.

http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17755.wba

Figure 402-3 Basin Shape Effects on Hydrograph Shape

Source: NRCS, 2007, “Part 630 Hydrology National Engineering Handbook, Chapter 16
Hydrographs”, Figure 16-2(b), p. 16-6.

http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17755.wba

Figure 402-4 Combined Basin Effects on Shape of Hydrograph
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402.3 Rainfall Volume and Temporal Distribution Data
Rainfall data is a necessary input parameter for all peak rate computations performed on
NMDOT projects (except statistical). The total rainfall volume and the time distribution of the
rainfall will both affect the resulting runoff volume and peak runoff rate.

The return frequency of the Design Flood and Check Flood to be used for a particular project or
drainage structure must be determined. Design frequency floods are listed in Section 200. Note
that design criteria and standards are subject to change. Verify that the latest drainage design
criteria are applied, and that these criteria are appropriate for the specific roadway classification
and design circumstances before proceeding with analysis and design.

For NMDOT projects, the assumption is made that rainfall frequencies produce equivalent flood
frequencies, i.e., the 50-year rainfall event will produce the 50-year runoff event. This
assumption is generally valid when all other factors remain reasonably constant (antecedent
moisture, etc.), particularly for ephemeral stream systems.  There are some situations where
this assumption may not be correct. In regions of New Mexico where the seasonal snowpack is
significant or that have been affected by severe wildfire, contact the NMDOT Drainage Design
Bureau for guidance prior to commencing work.

With the advent of digital rainfall data from NOAA Atlas 14 (2011), rainfall data acquisition is
both simpler and more accurate than in the past when only large-scale paper copies of rainfall
atlases were available (NOAA Atlas 2, 1973). The NOAA Atlas 14 rainfall data sets are more
extensive and more accurate than what was available with NOAA Atlas 2. The NOAA Atlas 14
data has its limitations that should be recognized. Refer to the NOAA Atlas 14 text for a
complete discussion of the limitations.  It is strongly recommended that the NOAA Atlas text be
reviewed and occasionally revisited.  New Mexico is covered by NOAA Atlas 14 Precipitation-
Frequency Atlas of the United States Volume 1, Version 5.0 (Rev. ed. 2011) which is available
at:
http://www.nws.noaa.gov/oh/hdsc/PF_documents/Atlas14_Volume1.pdf.

Rainfall data is also available in digital form for any point in New Mexico from the NOAA
Hydrometeorological Design Studies Center Precipitation Frequency Data Server (PFDS) at:
http://hdsc.nws.noaa.gov/hdsc/pfds/

On all but the largest watersheds (those greater than 10 square miles) and some basins with
significant mountain face contributing areas, the rainfall amounts given at the centroid of the
basin are appropriate for hydrologic analyses.  When performing hydrologic modeling on large
watersheds (greater than 10 square miles) and mountain face areas, the rainfall amounts may
vary significantly from the furthest downstream point to the most upstream point and, therefore,
may be significantly different between subbasins within the model. Subbasin rainfall variations
may be simulated within the model.

NOAA Atlas 14 has not yet developed rainfall areal reduction factors (at the time of this
Drainage Design Manual preparation). For large basins, NOAA Atlas 14 refers users to NOAA
Atlas 2 (1973) that provides guidance on rainfall areal reduction factors. See Figure 402-5 for
NOAA Atlas 2 (1973) area reduction factors for New Mexico. HEC-HMS will accept separate
rainfall point amounts for subbasins.
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Source: NOAA, 1973, Atlas 2 (not available in digital format)

Figure 402-5 Area Reduction Factors for New Mexico

The NOAA Precipitation Frequency Data Server now provides all the data needed to produce a
Precipitation-Intensity Curve for use in the Rational Formula Method.  This process is described
in Section 403.2.

A temporal (time) distribution of rainfall, in addition to the volume, is required for NMDOT
designs and Drainage Reports that require a unit hydrograph based modeling effort.  The NRCS
recommends that a Type II-a design storm distribution be used in New Mexico.  The NRCS
previously had developed (with the aid of the National Weather Service) a family of temporal
distributions that further subdivided the Type II-a storm family for specific parts of New Mexico
(i.e.-Type II 60-75).  Since the publication of NOAA Atlas 14, tools are available to develop a
site-specific distribution that generally follows the NRCS Type II-a distribution and is, therefore,
compatible with the NRCS Unit Hydrograph Method.  These tools are found in the NOAA
Precipitation Frequency Data Server (PFDS) and HEC-HMS.  Point rainfalls for various storm
durations and frequencies from the PFDS are input into HEC-HMS with a temporal distribution
specified to create the design storm distribution for use in developing hydrographs.  A more
detailed description is included in Section 405.3.

Before using rainfall data, read the text provided in NOAA Atlas 14 to gain a better
understanding of the source of the data methods used in producing the precipitation frequency
information, and the limitations inherent in its use.
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402.4 Soils Data
This Section presents detailed soil descriptions and information as background to the
Hydrologic Soil Groups (HSGs) as defined by the Natural Resources Conservation Service
(NRCS).  Note that with GIS tools, the detail presented here is generally not required when
completing soils data collection and preparing the related hydrologic data based on the HSGs.

The texture, composition and density of soils have a direct impact on the amount and rate at
which rainfall becomes runoff. Therefore, the determination of the soil type(s) is a critical in the
development of rainfall/runoff calculations.  In general, soils are classified as sandy, silty, loamy
or clayey.   There can be an infinite number of combinations of these characteristics.  The
NRCS has divided the extremely wide range of soil textures by their hydrologic (runoff
producing) characteristics into four Hydrologic Soils Groups (HSG): Type A, B, C, and D.  Type
A being generally sandy soils and low runoff producers, and Type D being clayey soils and high
runoff producers for a given rainfall volume.  Type B and Type C soils have runoff
characteristics that are subdivisions within the range of Type A to Type D soils as described
below.

Group A

Soils in this group have low runoff potential when thoroughly wet. Water is transmitted freely
through the soil. Group A soils typically have less than 10 percent clay and more than 90
percent sand or gravel and have gravel or sand textures. Some soils having loamy sand,
sandy loam, loam or silt loam textures may be placed in this group if they are well
aggregated, of low bulk density, or contain greater than 35 percent rock fragments.

The limits on the diagnostic physical characteristics of Group A are as follows. The saturated
hydraulic conductivity of all soil layers exceeds 40.0 micrometers per second (5.67 inches
per hour). The depth to any water impermeable layer is greater than 50 centimeters (20
inches). The depth to the water table is greater than 60 centimeters (24 inches). Soils that
are deeper than 100 centimeters (40 inches) to a water impermeable layer are in Group A if
the saturated hydraulic conductivity of all soil layers within 100 centimeters (40 inches) of
the surface exceeds 10 micrometers per second (1.42 inches per hour).

Group B

Soils in this group have moderately low runoff potential when thoroughly wet. Water
transmission through the soil is unimpeded. Group B soils typically have between 10 percent
and 20 percent clay and 50 percent to 90 percent sand and have loamy sand or sandy loam
textures. Some soils having loam, silt loam, silt, or sandy clay loam textures may be placed
in this group if they are well aggregated, of low bulk density, or contain greater than 35
percent rock fragments.

The limits on the diagnostic physical characteristics of Group B are as follows. The saturated
hydraulic conductivity in the least transmissive layer between the surface and 50
centimeters (20 inches) ranges from 10.0 micrometers per second (1.42 inches per hour) to
40.0 micrometers per second (5.67 inches per hour). The depth to any water impermeable
layer is greater than 50 centimeters (20 inches). The depth to the water table is greater than
60 centimeters (24 inches). Soils that are deeper than 100 centimeters (40 inches) to a
water impermeable layer or water table are in Group B if the saturated hydraulic conductivity
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of all soil layers within 100 centimeters (40 inches) of the surface exceeds 4.0 micrometers
per second (0.57 inches per hour) but is less than 10.0 micrometers per second (1.42
inches per hour).

Group C

Soils in this group have moderately high runoff potential when thoroughly wet. Water
transmission through the soil is somewhat restricted. Group C soils typically have between
20 percent and 40 percent clay and less than 50 percent sand and have loam, silt loam,
sandy clay loam, clay loam, and silty clay loam textures. Some soils having clay, silty clay,
or sandy clay textures may be placed in this group if they are well aggregated, of low bulk
density, or contain greater than 35 percent rock fragments.

The limits on the diagnostic physical characteristics of Group C are as follows. The
saturated hydraulic conductivity in the least transmissive layer between the surface and 50
centimeters (20 inches) is between 1.0 micrometers per second (0.14 inches per hour) and
10.0 micrometers per second (1.42 inches per hour). The depth to any water impermeable
layer is greater than 50 centimeters (20 inches). The depth to the water table is greater than
60 centimeters (24 inches). Soils that are deeper than 100 centimeters (40 inches) to a
restriction or water table are in Group C if the saturated hydraulic conductivity of all soil
layers within 100 centimeters (40 inches) of the surface exceeds 0.40 micrometers per
second (0.06 inches per hour) but is less than 4.0 micrometers per second (0.57 inches per
hour).

Group D

Soils in this group have high runoff potential when thoroughly wet. Water movement through
the soil is restricted or very restricted. Group D soils typically have greater than 40 percent
clay, less than 50 percent sand, and have clayey textures. In some areas, they also have
high shrink-swell potential. All soils with a depth to a water impermeable layer less than 50
centimeters (20 inches), and all soils with a water table within 60 centimeters (24 inches) of
the surface are in this group. Although some may have a dual classification, as described in
the next section, if they can be adequately drained.

The limits on the physical diagnostic characteristics of Group D are as follows. For soils with
a water impermeable layer at a depth between 50 centimeters and 100 centimeters (20 and
40 inches), the saturated hydraulic conductivity in the least transmissive soil layer is less
than or equal to 1.0 micrometers per second (0.14 inches per hour). For soils that are
deeper than 100 centimeters (40 inches) to a restriction or water table, the saturated
hydraulic conductivity of all soil layers within 100 centimeters (40 inches) of the surface is
less than or equal to 0.40 micrometers per second (0.06 inches per hour).

Site-specific information regarding the hydrologic characteristics of the soils needed for
analyses in a watershed has been surveyed by NRCS and other agencies for almost the entire
country and state of New Mexico.  This information is generally available from the NRCS by
consulting the Natural Resources Conservation Service’s (NRCS) Field Office Technical Guide
or the Web Soil Survey Website:
https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm
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Occasionally, when dealing with public lands (U.S. Forest Service, BLM, military bases), the
soils information will not be shown in the NRCS database but may be available from the local
office of the land management agency responsible for those lands.

It is important to recognize that the NRCS has classified thousands of soils with infinitely varying
combinations of textures, thicknesses, and settings into just four Hydrologic Soils Groups
(HSGs).  Further, it needs to be recognized that within each family of soils there are soils with
characteristics that justified them being classified as sub-sets within that family (all of which may
not be in the HSG as the parent soil).  The engineer may find that some soils do not exhibit the
general characteristics of the HSG to which its family has been assigned.  When this is
observed, it may be helpful to investigate the text of the soil survey report information more
thoroughly.  An example of a real situation where this condition was found to exist and how it
was resolved is provided in a technical paper titled “Hatch Site 6 Runoff Methods Revisited”
(Easterrling, Charles, M., May 2004), this is located in Appendix 6 as Example Problem 6-7.

For more information on Hydrologic Soil Groups, refer to the following source.

NRCS, 2009, “Part 630 Hydrology, National Engineering Handbook, Chapter 7 Hydrologic Soils
Groups”.
http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=22526.wba

402.5 Hydrologic Soil-Cover Complexes
A combination of a HSG (soil), land use, and treatment class (cover) is a hydrologic soil-cover
complex. A range of Runoff Curve Numbers (CN) has been developed by the NRCS from
empirical data and is published by the NRCS in their National Engineering Handbook, Chapter 9
as well as in multiple other locations. The CN represents the runoff potential of a particular
soil/cover complex during periods when the soil is not frozen. A higher CN indicates a higher
runoff potential, and logically, a lower CN indicates a lower runoff potential. Engineers are
strongly encouraged to review and become familiar with the discussion provided in Chapter 9
(Soil-Cover Complexes) of NRCS Part 630 Hydrology, National Engineering Handbook and the
academic papers referenced at the end of this Section.
http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17758.wba

The CN is an input to both the Simplified Peak Discharge Method and the NRCS Unit
Hydrograph Method analyses. APPENDIX 4 contains a series of photographs provided as an
aid in the selection of hydrologic conditions as a supplement to the descriptions, figures, and
table provided herein. Subbasin runoff volume is governed by the hydrologic soil-cover
(vegetation) complexes and impervious surfaces.

402.5.1 Vegetation Effects
Vegetation affects runoff as described here:

- The foliage and its litter maintain the soil’s infiltration potential by preventing the sealing
of the soil surface from raindrop impact

- Foliage and litter retain some of the raindrops, increasing their chance of being
evaporated and/or infiltrated

- Some of the moisture is intercepted on the plant and withheld from the initial period of
runoff



NMDOT Drainage Design Manual July 2018 Page 4—20

- Vegetation and litter transpire soil moisture leaving a greater void in the soil to be filled
- Vegetation, including its ground litter, forms numerous barriers along the path of the

water flowing over the surface of the land (these can lengthen the travel time and
increase opportunity for infiltration)

Table 402-1 contains information that can be used as a guide in determining the vegetative
cover conditions for range sites.  Grass cover is evaluated on plant basal area while trees and
shrubs are evaluated using canopy cover.

Table 402-1 Vegetative Cover Classes – Grassland

Source: NRCS, 2002, Part 630 Hydrology, National Engineering Handbook, Chapter 8 Land
Use and Treatment Classes, Table 8-1, p. 8-3

https://directives.sc.egov.usda.gov/viewerFS.aspx?hid=21422

Vegetative Condition Hydrologic Condition

Heavily grazed—No mulch or has
plant cover on < 0.5 of the area

Poor

Not heavily grazed—Plant cover
on 0.5 to 0.75 of the area

Fair

Lightly grazed – Plant cover on >
0.75 of the area

Good

See Figure 402-6 and Figure 402-7 on the following pages for further explanation of the
relationship between cover condition and Runoff Curve Number.
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Figure 402-6 Determining Soil-Cover Complex – Vegetative Density
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Source: SCS, February 1985, Chapter 2 for NM.

Figure 402-7 Hydrologic Soil-Cover Complexes and Associated Curve Numbers
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Figure 402-6 and Figure 402-7 provide good guidance for determining the percentage of
vegetative coverage and describe the five principle range and forest soil-cover complex
conditions found in New Mexico. For a more complete guide to determining the percentage of
vegetative cover, see “Sampling Vegetation Attributes”, Interagency Technical Reference 1996
(Rev. ed. 1997 and 1999) at:
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044175.pdf

Land use has a direct bearing on the amount and types of impervious surfaces that overlay the
soils. The type and density of land use also affects the amount of initial abstraction losses that
occur in the rainfall/runoff relationship.  Most urban areas are only partially covered by
impervious surfaces; therefore, the soil remains an important factor in runoff estimates.
Urbanization has a greater effect on runoff in watersheds with soils having high infiltration rates
(sands and gravels) than in watersheds predominantly of silts and clays, which generally have
low infiltration rates. Whether or not impervious areas are directly connected to the stream can
make a significant difference in transmission losses, particularly in the case of smaller, more
frequent storm events.

Note that the Rational Formula Method Runoff Coefficient (C) is in itself a somewhat simplified
term describing the relationship between rainfall and the impacts of soils and cover. Further
discussion on this topic is found in Section 403.3.

402.6 Runoff Curve Number
The NRCS Runoff Curve Number (CN) (also called Curve Number) is a lumped watershed
parameter. It often serves as a proxy for all losses from the beginning of precipitation until runoff
reaches the point of interest in a hydrologic analysis.  As such, it should not be interpreted as a
point infiltration value but rather as representing all losses (initial abstraction, infiltration,
transmission, evaporation, etc.) unless separate calculations are developed for ponding and
transmission losses.

Methods for selecting a Runoff Curve Number and for making areal adjustments are described
below.  When carefully followed, these methods will yield a Curve Number which represents the
runoff response of the basin or subbasin for the assumed watershed conditions. Seasonal
changes in vegetation and ground cover density will occur in the watershed during the year that
may cause CN value variations, and should be considered. However, in practice, normally only
the largest CN value is adopted. The condition of the watershed may vary dramatically from the
date of field reconnaissance to the annual season of largest historic runoff.

Note that NMDOT policies do not allow the analyses to be based on anticipated changes in
development unless they are imminent. Check with the Drainage Design Bureau before
proceeding regarding proposed development.
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Variation in the CN is most evident in cultivated agricultural areas and heavily grazed rangeland
where:

1. The land is planted in row crops that are short or tall depending on plant type and
growing season, or

2. The crop has been harvested and the ground is plowed or fallow, or the crop type
may be changed from year to year, or

3. The plant cover is severely impacted in times of drought.

Note that the rainfall/runoff relationship found in the Curve Number Method is not linear for the
many CNs when coupled with design rainfall amounts in New Mexico.  The effect is that a small
change in CN can dramatically increase or decrease the amount of runoff that results under
certain combinations of CN and rainfall as presented in Figure 402-8.

Therefore, engineering judgement must be exercised to determine the appropriate CN for a
particular drainage basin or subbasin.

The following excerpts from Chapter 2 of “TR-55, Urban Hydrology for Small Watersheds”,
(NRCS, June 1986) provide a relatively complete and clear explanation of the Curve Number,
its determination, and its use in hydrologic analyses. A hotlink to the document is provided
below.
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf

Figure 402-8 describes the relationship of rainfall and runoff for the range of possible Runoff
Curve Numbers based on the following equation:

Q =
(P - 0.2 S)2

P + 0.8 S 402-1

(NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds”, Eq. 2-3, p. 2-1)
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf

where:

Q = runoff, inches
P = rainfall, inches
S = potential maximum soil moisture retention after runoff begins
CN = Runoff Curve Number

S =
1000
CN - 10 402-2

(NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds”, Eq. 2-4, p 2.1)
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf
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Source: NRCS, 2004, “Part 630 Hydrology, National Engineering Handbook, Chapter 10
Estimation of Direct Runoff from Storm Rainfall”, Figure 10-2, p. 10-4

https://directives.sc.egov.usda.gov/17752.wba

Figure 402-8 Solution of Runoff Equation

Storm Duration and Storm Recurrence Interval

TR-55 (NRCS, June 1986) states that “Normally a rainfall duration equal to or greater than the
Time of Concentration (Tc) is used.  Therefore, the rainfall distributions were designed to contain
the intensity of any duration of rainfall for the frequency of the event chosen”.

TR-55 (NRCS, June 1986) was developed based on the 24-hour rainfall depth (P24) from
various rainfall distributions. The Runoff (Q) Equation (Equation 402-1) presented in TR-55 was
originally developed by the Soil Conservation Service (SCS, now the NRCS) prior to
development of TR-55. The initial SCS runoff equation (Equation 402-1) was developed for
various rainfall depths, without storm duration or recurrence interval limits.

Therefore, the TR-55 Direct Runoff Method (Q), may be applied to the 100-year recurrence
interval storm and more frequent recurrence interval storms, and for storms of 24-hour duration
and less. However, the 24-hour duration storm is required for NMDOT drainage analyses.
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The decision process for determination of a Runoff Curve Number is presented in Figure 402-9.

Source: NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds”,
Figure 2-2, p. 2-4.

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf

Figure 402-9 Flow Chart for Selecting the Appropriate Figure or Table for Determining
Runoff Curve Numbers



NMDOT Drainage Design Manual July 2018 Page 4—27

Table 402-2 through Table 402-5 (NRCS Tables 2-2 a-d) describe the effects of various cover
and land use conditions for each of the four Hydrologic Soil Groups. Note that the CNs listed are
for average runoff conditions. The index of runoff potential before a storm event is the
Antecedent Runoff Condition (ARC), refer to Section 404.5 for more information.

ARC is an attempt to account for the variation in CN at a site from storm to storm. CN for the
average ARC at a site is the median value as taken from sample rainfall and runoff data. The
amount of precipitation occurring in the five days preceding the storm in question is an
indication of the ARC of the soil. Each ARC condition is defined here.

ARC I indicates dry watershed conditions that correlate with low runoff potential

ARC II indicates average watershed conditions that correlate with average runoff potential

ARC III indicates wet watershed conditions that correlate with high runoff potential

The CNs in Table 402-2 to Table 402-5 are for an average ARC II. New Mexico most often
meets an ARC I or ARC II condition. Use ARC II for NMDOT Projects.

See “Part 630 Hydrology, National Engineering Handbook” (NRCS, 2004) for more detailed
discussion of storm-to-storm variation and a demonstration of upper and lower enveloping
curves.
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Table 402-2 Runoff Curve Numbers for Urban Areas

Source: NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds”, Table 2-2a, p. 2-5.
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf
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Table 402-3 Runoff Curve Numbers for Cultivated Agricultural Lands

Source: NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds”,
Table 2-2b, p. 2-6.

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf
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Table 402-4 Runoff Curve Numbers for Other Agricultural Lands

Source: NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds”, Table 2-2c, p. 2-7.
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf
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Table 402-5 Runoff Curve Numbers for Arid and Semiarid Rangelands

Source: NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds TR-55”,
Table 2-2d, p. 2-8.

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf
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The effects of urbanization, including the amount and connectedness of the impervious areas,
has been studied by the NRCS, and a method for assessing the degree to which runoff is
affected has been developed and is described below.

Connected Impervious Areas

An impervious area is considered connected if runoff from it flows directly into the drainage
system. It is also considered connected if runoff occurs as shallow concentrated flow that runs
over a pervious area and then flows into the drainage system, with the logic being that the
losses within the pervious reach would be minimal in that circumstance.

Urban CNs related to Table 402-2 (NRCS Table 2-2a) were developed for typical land use
relationships based on specific assumed percentages of impervious area. These CN values
were developed on the assumptions that (a) pervious urban areas are equivalent to pasture in
good hydrologic condition and (b) impervious areas have a CN of 98 and are directly connected
to the drainage system.  Some assumed percentages of impervious area are shown in
Table 402-2.
If not all of the impervious area is directly connected to the drainage system, and the impervious
area percentages or the pervious land use assumptions in Table 402-2 are not applicable, use
Figure 402-10 to compute a composite CN.

For example, a ½-acre lot in HSG B, with an assumed impervious area of 25 percent has a CN
of 70. Assume that 20% of the impervious area is directly connected and assume the pervious
area CN=61.  Apply those values in Figure 402-10 and a composite CN of 68 is determined.
The difference between CN= 70 and 68 is because less runoff will be generated from the 80%
impervious area that must pass through a pervious area (or not directly connected area), and
therefore additional runoff will be infiltrated within the pervious area.

Unconnected Impervious Areas

Runoff from unconnected (disconnected) impervious areas is that which spreads over a
pervious area as sheet flow. To determine CN when all or part of the impervious area is not
directly connected to the drainage system,

1. Use Figure 402-10 if the total impervious area is greater than or equal to 30 percent,
because the absorptive capacity of the remaining pervious areas will not significantly
affect runoff.

2. Use Figure 402-11 if the total impervious area is less than 30 percent.
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Source: NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds”,
Figure 2-3, p. 2-10.

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf

Figure 402-10 Composite CN with Connected Impervious Areas

Source: NRCS, June 1986, “TR-55, Urban Hydrology for Small Watersheds”,
Figure 2-4, p. 2-10.

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf

Figure 402-11 Composite CN with Unconnected Impervious Areas and Total Impervious
Areas Less Than 30%
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When impervious area is less than 30 percent, obtain the composite CN by entering the right
side of Figure 402-11 with the percentage of total impervious area and the ratio of total
unconnected impervious area to total impervious area. Then move left to the appropriate
pervious CN and read down to find the composite CN.  For example, for a 1/2-acre lot with 20
percent total impervious area (75 percent of which is unconnected) and pervious CN of 61, the
composite CN from Figure 402-11 is 66. If all of the impervious area is connected, the resulting
CN (from Figure 402-10) would be 68.

Limitations of the Runoff Curve Number Method

- Use the Runoff Curve Number Method with caution when re-creating specific features of
an actual storm. The foundational rainfall/runoff equation does not contain an expression
for time and, therefore, does not account for rainfall duration or intensity.

- Runoff from snowmelt or rain on frozen ground cannot be estimated using these
procedures.

- The NRCS runoff procedures apply only to direct surface runoff; do not overlook large
sources of subsurface flow or high ground water levels that contribute to streamflow.
These conditions are often related to HSG A soils and forest areas that have been
assigned relatively low CNs in Table 402-4. Good judgement and experience based on
stream gage records are needed to adjust CNs as conditions warrant. Note that this
condition rarely impacts design decisions in New Mexico.

- When the weighted CN is less than 40, use 40.

402.6.1 Curve Number Weighting
Examination of Figure 402-8 reveals that the rainfall/runoff relationship described by the NRCS
Curve Number (CN) Method is not linear for small rainfall amounts.  This effect is most dramatic
for lower CNs, therefore, when hydrologic conditions are reasonably consistent throughout the
watershed, the use of a single CN is appropriate.  For watersheds where CNs vary by 10 or
less, an Area Weighted Curve Number is appropriate. When CNs vary by more than 10 within
the basin or subasin, either subdivide the watershed into smaller drainage subbasins to obtain
similar CNs, or use a Runoff Weighted Curve Number. Examples of each CN weighting
procedure are shown below.

Area Weighted Curve Number

Assume a design rainfall event of 2.0 inches.

40% of the drainage basin is characterized by CN=65

60% of the drainage basin is characterized by CN=88

the area weighted CN = ( 0.40 ) x ( 65 ) + (0. 60) x ( 88 )
100

= 78.8 use CN=79

The runoff resulting from 2.0 inches of rainfall and a CN of 79 = 0.52 inches

Runoff Weighted Curve Number

40% of the drainage basin is characterized by CN=65

60% of the drainage basin is characterized by CN= 88
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Use Figure 402-8 or Equation 402-1 to estimate 0.14 inches of direct runoff from the CN=65
land and 0.97 inches of direct runoff from the CN=88. Equation 402-1 will provide more
accurate results.

The weighted runoff is calculated by:

Q = (0.40) x (0.14) + (0.60) x (0.97) =0.64 inches

Use Figure 402-8 to find a runoff weighted CN that will produce 0.64 inches of runoff from a 2.0
inch rainfall event, CN=82.

Comparison of Methods

Recall that by the Area Weighted Method, a CN = 79 was obtained. The Runoff Weighted
Method determined that CN=82. The runoff difference between these CNs in this example is
approximately 0.12 inches of direct runoff (a 23% increase in runoff volume).

Summary

Use the criteria described above to select the correct CN weighting method. Using the Runoff
Weighted Curve Number Method requires more effort but will always produce the correct
results. The Area Weighted Runoff Method is easier, gives reasonable results, and may be used
when CN values vary by less than 10.

402.7 Other Land Use Effects
Recognize that both the Rational Formula Method Runoff Coefficient (C) and the Runoff Curve
Number (CN) are lumped runoff parameters.  This means that in most cases runoff volumes and
sometimes peak rates incorporate all the losses to rainfall from the time it hits the ground until it
reaches the analysis point, including canopy wetting, filling of minor depression storage,
infiltration, evaporation, and transmission losses.  In the case of the Rational Formula Method
Coefficient (C), it includes any hydrologic routing effects as well.

Therefore, land use patterns, in addition to the relationship between rainfall and runoff volumes
governed by the Soil-Cover Complex and the Rational Formula Method Runoff Coefficient (C)
and the Runoff Curve Number (CN), affect the timing of runoff, how subbasins interact with the
main stem of the stream system, and ultimately the shape and magnitude of the runoff
hydrograph. Note that these effects are not linear. Doubling the rainfall may result in much
higher than doubled peak runoff rates and volumes while doubling the drainage area may not
have the same relative effect.  The types of land use can also have a significant impact on water
quality, even between two subbasins with identical soils and percentage imperviousness.
Another often overlooked effect of land use is the relative location of the various land uses
within a watershed.  Further description of land use impacts is found in Section 405.

402.8 Travel Time, Lag, and Time of Concentration
Travel Time (Tt) is the time it takes water to travel from one location to another.

Lag (L) is the delay between the centroid of excess rainfall from a rainfall event over a
watershed until runoff reaches its maximum flow rate. Conceptually, lag may be thought of as a
weighted Time of Concentration (Tc) where, if for a given storm, the watershed is divided into
subbasins, the time required for each subbasin runoff to arrive at the outfall is related to the
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watershed peak by the relative contribution of each subbasin runoff in its individual lag time. In
general, hydrologic modeling practice using the NRCS Unit Hydrograph Method, lag is a
function of Tc.

Time of Concentration (Tc) is defined as the time required for excess precipitation (runoff) to
travel from the hydraulically most remote part of the watershed to the point of interest.  Peak
rate calculations are very sensitive to Tc; therefore, it is one of the most important drainage
basin characteristic needed to calculate the peak rate of runoff. Tc is a simplified proxy for the
hydrologic response to precipitation by a watershed, capturing the effects of size, shape, length
and slope of the basin or subbasin. The Tc for a watershed or subbasin has the most dramatic
effect on the shape of the runoff hydrograph of any parameter. Therefore, accurate estimation of
a watershed's Tc is crucial to every type of hydrologic modeling.

The method used to calculate Tc must be appropriate to the hydrologic analysis method
selected for design.  Engineers working on NMDOT projects must use the Time of
Concentration methods specified in this section for each hydrologic method.

Figure 402-12 for a graphical explanation of L and Tc, and their relationship to one another.
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Source: NRCS, 2010, “Part 630 Hydrology, National Engineering Handbook,
Chapter 15 Time of Concentration”, Figure 15-3, p. 15-4.

http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=27002.wba

Figure 402-12 Graphical Representation of Relationships Between Lag, Tp and Tc
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Table 402-6 defines the appropriate Time of Concentration method to be used for each
hydrologic method.

Table 402-6 Selecting a Time of Concentration Calculation Method

Hydrologic
Method

Watershed
Condition

Time of Concentration Method

Rational
Formula
Method
(Section 403)

Un-gullied
Watershed*

Upland Method

Gullied Watershed* Kirpich Equation (Kerby-Kirpich
Method for Valley Areas)

Simplified Peak
Discharge
Method
(Section 404)

Un-gullied
Watershed*

Upland Method

Gullied Watershed* Kirpich Formula (Kerby-Kirpich
Method for Valley Areas)

Watershed Partially
Gullied

Upland Method for the Un-Gullied
Portion, then Kirpich Equation for the
Gullied Portion

USGS
Regression
Equations

varies Not Required

Unit
Hydrograph
Method
(Section 405)

No Defined Stream
Channel

Upland Method

Defined Stream
Channel

Iterative Method within the Stream
Hydraulic Method

Approved
Urban Method

All Conditions Use Tc Method Specified for the
Approved Urban Method

*A watershed is considered un-gullied if 10% or less of the primary watercourse
exhibits gullying.

Within each watershed, the engineer begins by locating the flow path to the most hydraulically
remote point in the watershed.  This is the flow path that extends from the bottom of the
watershed, or drainage structure, to the most hydraulically distant (in time) point in the
watershed.  Generally, this process is begun at the bottom of the watershed and is continued
upstream until the longest (in time) flow path has been found. At the top of the watershed, a
defined watercourse may not exist.  In these areas, overland flow will be the dominant flow type.
As the runoff proceeds downstream, overland flows will naturally begin to coalesce, gradually
concentrating together. Shallow concentrated flow often has enough force to shape small gullies
in erosive soils. Gullies eventually combine until a well-defined stream channel is formed. The
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watercourse is, often at this point, large enough to be identified on a USGS quadrangle
topographic map, or clearly visible in aerial photography depending on its quality.

Reaches along the primary watercourse should be divided into those which are hydraulically
similar. In larger watersheds, the reaches may be sufficiently distinct to justify separate
estimates of Tc for each reach of the watercourse. Tc in any given watershed is simply the sum
of travel times within hydraulically similar reaches along the most remote (in time) flow path. Tc
is determined from measured reach lengths and estimated average reach velocities.

The basic equation for Time of Concentration is:

Tc =

L1
V1

+ L2
V2

+ L3
V3

+ Ln
Vn

60
402-3

for minutes (or divide by 360 rather than 60 if Tc in hours is required)

where:
Tc = Time of Concentration, minutes (or hours depending on method)
V1 = average flow velocity in the uppermost reach of the watercourse,

ft/s
L1 = length of the uppermost reach of the watercourse, ft
V2, V3…Vn = average flow velocities in subsequent reaches progressing

downstream, ft/s
L2, L3…Ln = lengths of subsequent reaches progressing downstream, ft

Tc is the time required for runoff to travel from the hydraulically most distant point in the
watershed to the outlet. The hydraulically most distant point is the point with the longest travel
time to the watershed outlet, and not necessarily the point with the longest flow distance to the
outlet, see Figure 402-13.

Figure 402-13 Longest Travel Time Illustration in Basin
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Time of Concentration (Tc) is generally applied only to surface runoff and may be computed
using many different methods. Tc will vary depending upon slope and character of the
watershed and the flow path. In hydrograph analysis, Tc is the time from the end of excess
rainfall to the point on the falling limb of the dimensionless unit hydrograph (point of inflection)
where the recession curve begins, see Figure 402-12.

Tc can be estimated using one of the methods listed in Table 402-6, depending on the
application and circumstances. In cases where only a peak discharge and/or hydrograph are
desired at the watershed outlet and watershed characteristics are fairly homogenous, the
watershed may be treated as a single basin. However, if land use, Hydrologic Soil Group, slope,
or other watershed characteristics are not homogeneous throughout the watershed, or the basin
is large enough that the assumption of one rainfall amount is not appropriate, then divide the
watershed into smaller subbasins, which requires a Tc estimation for each subbasin.
Hydrographs are then developed for each subbasin and routed appropriately to a point of
reference using the methods described in Section 405.11.

Note: Peak rates of runoff are extremely sensitive to small changes in Tc.  For this reason, it is
very important that the physical processes and hydraulic principles involved are very well
understood and that procedures used to estimate the Tc are valid and uniformly applied.

Rainfall over a watershed (that reaches the ground) will generally follow one of four potential
paths:

- Some rain will be intercepted by vegetation and evaporate into the atmosphere
- Some rain will fall onto the ground surface and evaporate
- Some rain will infiltrate into the soil
- Some rain will run directly off from the ground surface

Depending on total storm rainfall and a variety of other factors, a portion of the stormwater
runoff will drain to the stream system. There are four types of flow that may occur singly or in
combination throughout the watershed as presented in Figure 402-14.
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Source: NRCS, 2010, “Part 630 Hydrology, National Engineering Handbook,
Chapter 15 Time of Concentration”, Figure 15-1, p. 15-2.

http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=27002.wba

Figure 402-14 Types of Flow

Relation between Lag, Time to Peak, and Time of Concentration

Lag Time (L), Time to Peak (Tp), and Time of Concentration (Tc) are often misunderstood.
When these terms are encountered in the documents referenced in this manual, it is important
to understand each of them and their relationships to one another.  The following is offered to
assist in that understanding.

Researchers (Mockus 1961; Simas 1996) found that Figure 402-12 graphically portrays the
relationship between average natural watershed conditions and an approximately uniform
distribution of runoff.
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L = 0.6 x Tc 402-4

(NRCS, 2010, “Part 630 Hydrology, National Engineering Handbook, Chapter 15 Time of
Concentration”, Eq. 15-3, p. 15-3)
http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=27002.wba

where:

L = Lag, hr
Tc = Time of Concentration, hr

When runoff is not uniformly distributed due to significant differences in slope, drainage
patterns, soils cover, and land use in a watershed, the watershed should be subdivided into
subbasins with nearly uniform runoff characteristics so that Equation 402-4 can be applied to
each subbasin.

Four methods to calculate Tc presented in this manual are:

- The Upland Method
- The Kirpich Equation
- Kerby Equation
- The Kerby-Kirpich Method
- The Iterative Method within the Stream Hydraulic Method

402.9 Time of Concentration

402.9.1 The Upland Method
The Upland Method (also known as the Velocity Method) is used to estimate travel times for
overland flow and shallow concentrated flow conditions. The Upland Method is used for the
ungullied portion of the primary watercourse when the overland flow length is 300 feet or less.

The Upland Method was originally developed by the Soil Conservation Service (SCS), which is
now the Natural Resource Conservation Service (NRCS). The Upland Method is described in
Chapter 15 Time of Concentration of “Part 630 Hydrology, National Engineering Handbook”
(NRCS, 2010). Note that in the current (2010) version of Chapter 15, the NRCS has renamed
the “Upland Method” to the “Velocity Method.” However, many documents still refer to it as the
“Upland Method” and, therefore, the name “Upland Method” is used in this Drainage Design
Manual.

The Upland Method is limited to use in watersheds that are less than 2,000 acres in size, or to
the upper reaches of larger watersheds. For NMDOT projects the Upland Method may be used
for computing the Time of Concentration when using the Rational Formula Method or the
Simplified Peak Discharge Method on a largely un-gullied watershed.  A watershed is
considered un-gullied when 10% or less of the most hydraulically remote flow path exhibits
gullying.
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Water moves through a watershed as sheet flow, shallow concentrated flow, open channel flow,
or some combination of these. The type of flow that occurs is a function of the conveyance
system and is best determined by field inspection.

Travel time (Tt) is the ratio of flow length to flow velocity:

Tt =
L

3600 × V
402-5

(NRCS, 2010, “Part 630 Hydrology, National Engineering Handbook, Chapter 15 Time of
Concentration”, Eq. 15-1, p. 15-2)
http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=27002.wba

where:

Tt = travel time, hr
L = flow length, ft
V = average velocity, ft/s
3600 = conversion factor from seconds to hours

Time of Concentration (Tc), is the sum of Travel Time (Tt) values for the various consecutive
flow segments:

Tc = Tt + T2 + T3…Tn 402-6

(NRCS, 2010, “Part 630 Hydrology, National Engineering Handbook, Chapter 15 Time of
Concentration”, Eq. 15-7, p. 15-6)
http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=27002.wba

where:

Tc = Time of Concentration, hr
Tn = number of flow segments

Sheet Flow

At the top to the watershed, sheet flow is generally the predominant flow regime. Sheet flow is
defined as flow over plane surfaces. Sheet flow usually occurs in the headwaters of a stream
near the ridgeline that defines the watershed boundary. Typically, sheet flow occurs for no more
than 100 to 300 feet before transitioning to shallow concentrated flow (Merkel, 2001).

A simplified version of the Manning’s Kinematic Equation may be used to compute travel time
for sheet flow. This simplified form of the Kinematic Equation presented here was developed by
(Welle and Woodward,1986) after studying the impact of various parameters on the estimates.

Tt =
0.007( n l )0.8( P2 )0.5 S0.4 402-7

(NRCS, 2010, “Part 630 Hydrology, National Engineering Handbook, Chapter 15 Time of
Concentration”, Eq. 15-8, p. 15-6)
http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=27002.wba
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where:

Tt = travel time, hr
n = Manning’s roughness coefficient (Table 402-7)
l = sheet flow length, ft
P2 = 2-year, 24-hour rainfall, in.
S = slope of land surface, ft/ft

This simplification is based on the following assumptions:

- Shallow steady uniform flow
- Constant rainfall excess intensity (that part of a rain available for runoff) both temporally

and spatially
- 2-year, 24-hour rainfall assuming standard NRCS rainfall intensity-duration relations

apply (Types I, II, and III)
- Minor effect of infiltration on travel time

For sheet flow, the roughness coefficient includes the effects of roughness and the effects of
raindrop impact including drag over the surface; obstacles such as litter, crop row ridges, and
rocks; and erosion and sediment transport. These “n” values are only applicable for flow depths
of approximately 0.1 foot or less, where sheet flow occurs. Table 402-7 gives roughness
coefficient values for sheet flow for various surface conditions.
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Table 402-7 Roughness Coefficients (Manning’s “n”) for Sheet Flow

Source: NRCS, 2010, “Part 630 Hydrology, National Engineering Handbook, Chapter 15 Time
of Concentration”, Table 15-1, p. 15-6.

http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=27002.wba

It is important to note that there are many locations in New Mexico where there is little or no
runoff resulting from a 2-year storm and that due to the combination of high desert climate and
soils in the upper portions of many watersheds, there is no evidence of gully formation for
distances far exceeding 100 to 300 feet.  However, the maximum sheet flow length used for
NMDOT hydrologic analyses should not exceed 300 feet, except when a greater length can be
justified by onsite inspection of the upper watershed or through inspection of high resolution
aerial photography.

Overland flow continues until the volume of water is sufficient to create a shallow concentrated
flow regime. In erosive soil formations with limited ground cover, the length of overland flow may
be so short that it is negligible.  Given the slope of the land and some knowledge of the ground

Surface description “n” 1/

Smooth surfaces (concrete, asphalt,
gravel, or bare soil)..................................................0.011

Fallow (no residue) ............................................................. 0.05
Cultivated soils:0.

...............................................0.06
Residue cover >20% ...............................................0.17

Grass:
Short grass prairie ...................................................0.15
Dense grasses 2/........................................................................................0.24
Bermuda grass ........................................................0.41

Range (natural) ...................................................................0.13
Woods:3/

Light underbrush .....................................................0.40
Dense underbrush...................................................0.80

1/ The “n” values are a composite of information compiled by Engman (1986).
2/ Includes species such as weeping lovegrass, bluegrass, buffalo grass, blue grama

grass, and native grass mixtures.
3/ When selecting “n”, consider cover to a height of about 0.1 ft. This is the only part of

the plant cover that will obstruct sheet flow.
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cover conditions, once the most hydraulically remote flow path is determined, the overland flow
length can be determined.

For NMDOT projects, shallow concentrated flow is assumed to occur from the end of overland
flow to the bottom of a watershed where there is little or no gullying (10% or less).   Where
gullying is evident in the majority of the watershed (by field inspection, aerial photography or by
a blue line shown on the USGS quadrangle topographic map), the Time of Concentration should
be computed by the Kirpich Equation for the entire watershed.  When the Simplified Peak
Discharge Method is being used for NMDOT projects, the Upland Method may be used for the
un-gullied portion of the watercourse, in combination with the Kirpich Equation for the gullied
sections of the watercourse.  For watersheds with more than 30% of the uplands or with little or
no gullying (valley areas), the Kerby-Kirpich Method should be used. The NMDOT Drainage
Design Bureau can be contacted to obtain a copy of a spreadsheet to determine Tc using these
methods.  Note that the Engineer/Consultant is responsible for understanding the use of, and
the accuracy of the results from this spreadsheet.

Shallow Concentrated Flow

After approximately 100 to 300 feet, sheet flow usually becomes shallow concentrated flow
collecting in swales, small rills, and gullies. Shallow concentrated flow is assumed not to have a
well-defined channel and has flow depths of 0.1 to 0.5 feet. It is assumed that shallow
concentrated flow can be represented by one of seven flow types. Figure 402-15 presents
curves as Velocity versus Slope for Shallow Concentrated Flow and these curves were used to
develop the information in Table 402-8. To estimate shallow concentrated flow travel time,
velocities are developed using Figure 402-15, in which average velocity is a function of
watercourse slope and type of channel (Kent, 1973). For slopes less than 0.005 feet per foot,
the equations in Table 402-8 may be used. After estimating average velocity using Figure
402-15, use Equation 402-5 to estimate travel time for the shallow concentrated flow segment.
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Source: NRCS, 2010, “Part 630 Hydrology, National Engineering Handbook,
Chapter 15 Time of Concentration”, Figure 15-4, p. 15-8.

http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=27002.wba

Figure 402-15 Velocity Versus Slope for Shallow Concentrated Flow
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Table 402-8 Equations and Assumptions Developed from Figure 402-15

Source: NRCS, 2010, “Part 630 Hydrology, National Engineering Handbook, Chapter 15 Time
of Concentration”, Table 15-3, p.15-8.

http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=27002.wba

For that portion of the flow path that is channel flow, use Manning’s Equation (Equation 402-10)
to calculate the velocity.  The approach outlined in Section 402.9.5 should be followed to
determine the average velocity for the channel reaches.

Once the reach lengths and flow velocities for each defined reach along the flow path have
been calculated as described above, the Tc for each of the segments are added together to find
the total Tc.

402.9.2 Time of Concentration by the Kirpich Equation
The Kirpich Equation should be used in watersheds when gullying (including manmade
conveyances in fully urbanized watersheds such as curb and gutter, storm drains and channels)
is evident in more than 10% of the primary watercourse. Gullying can be assumed if a blue line
appears on the watercourse shown on the USGS quadrangle topographic map or is apparent
from field investigation or from inspection of aerial photography. The Kirpich Equation is given
as:

Tc = 0.0078 × L0.77 × S -0.385 402-8

(TxDOT, July 2016, “Hydraulic Design Manual”, Eq. 4-15, p. 4-39)
http://onlinemanuals.txdot.gov/txdotmanuals/hyd/index.htm

where:

Tc = Time of Concentration, minutes
L = maximum length of water travel, ft
S = surface slope, given by H/L, ft/ft
H = difference in elevation between the most hydraulically remote point in the

drainage basin and the outlet, ft
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In small watersheds where the slope is flat, and the flow path of the hydraulically longest flow
path is dominated by overland flow greater than 300 feet, the Kerby Equation should be
considered for the overland flow portion and Kirpich Equation for the channelized portion.

In gullied (and in fully urbanized) basins, the Kirpich Equation should generally be used for the
entire drainage basin.  The exception to this rule occurs when the Simplified Peak Discharge
Method is being used on NMDOT projects or when the watercourse has a mixture of gullied and
un-gullied sections.  In these situations, mixing of Time of Concentration methods is allowed
and is called the Kerby-Kirpich Method as described in Section 402.9.4.

402.9.3 Time of Concentration by the Kerby Equation
For small watersheds where overland flow and overland flow length are an important
component of overall travel time, the Kerby Equation can be used. The Kerby Equation is:

TOV = K (L × N ) 0.467 × S-0.235 402-9

(TxDOT, July 2016, “Hydraulic Design Manual”, Eq. 4-14, p. 4-37)
http://onlinemanuals.txdot.gov/txdotmanuals/hyd/index.htm

where:

Tov = overland flow Time of Concentration, minutes
K = a unit conversion coefficient, in which K = 0.828
L = the overland-flow length, feet
N = a dimensionless retardance coefficient
S = the dimensionless slope of terrain conveying the overland flow

In the development of the Kerby Equation, the length of overland flow was as much as 1,200
feet. This length is considered an upper limit, and in practice, shorter values generally are
expected. The dimensionless retardance coefficient used is similar in concept to the well-known
Manning's roughness coefficient; however, for a given type of surface, the retardance coefficient
for overland flow will be considerably larger than for open-channel flow. Typical values for the
retardance coefficient are listed in Table 402-9.  Roussel et al., 2005, recommends that the user
should not interpolate the retardance coefficients in Table 402-9. If it is determined that a low
slope condition or a transitional slope condition exists, the user should consider using an
adjusted slope in calculating the Time of Concentration.
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Table 402-9 Kerby Equation Retardance Coefficient Values

Source: TxDOT, July 2016, “Hydraulic Design Manual”, Table 4-5, p. 4-38.
http://onlinemanuals.txdot.gov/txdotmanuals/hyd/index.htm

Generalized Terrain Description Dimensionless Retardance Coefficient (N)

Pavement 0.02

Smooth, bare, packed soil 0.10

Poor grass, cultivated row crops, or moderately
rough packed surfaces 0.20

Pasture, average grass 0.40

Deciduous forest 0.60

Dense grass, coniferous forest, or deciduous
forest with deep litter 0.80

402.9.4 The Kerby-Kirpich Method
The Upland Method is used for the ungullied portion of the primary watercourse when the
overland flow length is 300 feet or less.  The Kerby Equation should be used for the ungullied
portions when the overland flow length is greater than 300 feet. The Kirpich Equation is used for
the gullied portion of the watercourse, including those drained by manmade conveyances such
as curb and gutter, storm drains and channels. The Tc result from each equation are added to
obtain the watershed total Tc, thus the name “Kerby-Kirpich” Method.

402.9.5 The Iterative Method Within the Stream Hydraulic Method
The Iterative Method within the Stream Hydraulic Method is used when calculating peak
discharges by the Unit Hydrograph Method in a watercourse where a defined stream channel is
evident in the field or aerial photography (or a blue line, solid or broken, on a quadrangle topo
map) and is the dominant runoff conveyance in the watershed. The Iterative Method within the
Stream Hydraulic Method is applicable principally on larger basins where the longest flow path
is dominated by channel flow, but that are small enough not to warrant subdividing the basin, or
in basins where gullying is evident all the way to the top of the basin.

The engineer must measure or estimate the hydraulic properties of the stream channel.  The
total watercourse must be divided into channel reaches which are hydraulically similar within
themselves. Often, hydraulically similar reaches will have similar slopes. Dramatic slope
changes should be apparent from both topography and channel shape.  Field reconnaissance
measurements of the stream channel are suggested; however, sometimes direct measurements
are not possible.  The engineer must determine the slope, channel cross section, and an
appropriate hydraulic roughness coefficient for each channel reach using the best information
available within the limits of access, time, and budgets (topographic maps, aerial photography,
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etc.). Average slope is often determined from the topographic mapping.  Channel cross sections
should be measured in the field whenever possible, but scalable aerial photography may
provide sufficient information to assess channel cross section characteristics.

Roughness coefficients of the waterway should be based on actual observations of the
watercourse or of accessible nearby watercourses which are believed to be similar. If the reach
is inaccessible, and if there is good quality aerial photography available it may provide adequate
information for this purpose.

Time of Concentration (Tc) by Iterative Method within the Stream Hydraulic Method is simply the
travel time (Tt) in the stream channel. Channel flow velocities can be estimated from normal
depth calculations for the watercourse.  In addition to the average flow velocity, engineers
should compute the Froude number (Fr) of the flow. If the Fr number of the flow exceeds a
value of 1.3, the engineer should verify that supercritical flow conditions can be sustained. For
most earth lined channels, the velocity calculation should be recomputed using a larger effective
Manning’s roughness coefficient “n” until the Froude number has a value less than 1.3. Note
that most upland arroyos flow very close to critical depth (Fr=1) and in most cases, normal
depth and critical depth are very close to the same depth and velocity.

Velocity (V) is determined from Manning’s Equation:

V =
1.486

n R0.667 S0.5 402-10

where:

V = velocity, ft/s
n = Manning’s roughness coefficient
R = hydraulic radius (area/wetted perimeter), ft
S = slope of the energy grade line (assumed to be the same as the channel

slope) ft/ft

Froude number (Fr) is calculated by the following equation:

Fr =
V(g d)0.5 402-11

where:

Fr = Froude number
V = velocity, ft/s
g = gravitational acceleration, 32.2 ft/s2

d = hydraulic depth (flow cross sectional area/top width of flow), ft

In order to solve Manning's Equation for velocity (V), calculate or estimate the hydraulic radius
(R).  If the flow depth or flow rate is known, then R may be found directly. However, the usual
situation is that neither flow depth nor flow rate are known without first computing the Tc and an
initial discharge. Three procedures are provided below for solving this problem.
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Simplified Flow Estimating Procedure

Wide Shallow Channels

Use this method for channels where the flow depth is relatively shallow compared to the flow
width. When this is true, the hydraulic radius (R) converges toward depth (d). The use of R=d is
acceptable for NMDOT projects where the stream channel is relatively wide, and the flow is
shallow. Larger arroyo systems in alluvial terrain often satisfy this criterion.

Moderate and Narrow Width Channels

Use this method for all other channels. Estimate the flow depth from high water mark evidence
or other available data. For most ephemeral stream channels, the 25-year to 100-year storm
flow depths may be in the range of 1 to 3 ft.  Where a channel has obvious channel banks in the
1 to 3 ft height range, use the "bank full" depth. For most ephemeral streams use the bank full
depth of the low flow channel.  If the evidence suggests a flow depth greater than the height of
an incised channel bank, use the physical evidence depth but compute the flow velocity based
on water in the channel only (no overbank flow considered).  Use the flow depth and channel
cross section geometry to estimate R. For estimated flow depths deeper than 3 to 5 ft, the
engineer should consider using the iterative procedure described below.

Iterative Procedure

For some channel flow conditions, the simplified procedures described above may not be
adequate. In these cases, the iterative procedure described here must be followed. First, the
peak rate of runoff from the watershed is estimated.  A beginning estimate may be obtained
using experience and judgment or by using the USGS regional regression equations for New
Mexico (see Section 407 of this Manual.)  The flow rate for the velocity calculation is assumed
to be two-thirds of the peak rate.  Average channel velocity is calculated from Equation 402-10
using the other hydraulic parameters of the channel.  The average channel velocity for each
reach is then used to determine the total Tc for the watershed.  After the peak discharge from
the watershed is computed, reassess the flow rate used to compute an average channel
velocity. If the assumed peak discharge is within 10% of the calculated peak discharge, the
computed average channel velocity and resulting Tc should be reasonably accurate. Often a
second iteration is required using two-thirds of the computed peak flow to compute a new
average channel velocity. This iterative procedure should be continued until the assumed peak
discharge rate is within 10% of the computed peak discharge rate. Appendix 6 contains
Example Problem 6-5 that demonstrates this Method. Note: use of a computer program to
calculate normal depth will greatly expedite this iterative procedure.

402.10 Channel and Floodplain Characteristics
Stream channels, floodplains, and reservoirs can have a significant impact on the delivery of
water to any location along a stream network. Flood routing impacts the magnitude of the peak
discharge, the time of the peak discharge, depth and extent of flooding, and environmental
factors such as stream bank erosion, floodplain scour, sediment transport, and deposition.

The size, shape, and configuration of the channel and floodplain of a stream system are a
reflection of the hydrologic processes within the watershed that created the stream system. A
channel/floodplain system that is part of a high runoff producing watershed will look dramatically



NMDOT Drainage Design Manual July 2018 Page 4—53

different than one that regularly produces little runoff. The process of both developing the
hydrologic parameters needed to perform hydrologic analyses and the qualitative review of the
results should include an assessment of the resulting channel/floodplain system.

The Time of Concentration (Tc) calculation is one of the most critical input parameters to any
deterministic (as opposed to probabilistic) hydrologic analysis. Tc in a large watershed is
determined largely on the hydraulics of the channel and floodplain system while in smaller
watersheds, sheet flow and shallow concentrated flow may dominate.

Hydraulic parameters and qualities such as slope, cross section, bed form, Manning’s
roughness coefficient “n”, rating curves, sediment size, sediment volumes, vegetation type and
densities, are all related to the watershed’s response to rainfall and the climate in which the
watershed is located. Experience and judgment are required to assess the relative importance
and impacts of each of these parameters.  This experience is gained by always beginning with a
qualitative assessment of the channel/floodplain system.  Then developing hydrologic and
hydraulic data, assumptions and calculations, and then checking the analysis results to verify
that they are reasonable given the characteristics of the channel/floodplain system.

402.11 Sediment Bulking
Flood flows from high-intensity rainfall events on bare or mostly bare soils and flows within
ephemeral sand bottom arroyos often contain significant amounts of sediment.  When using one
of the deterministic modeling approaches (but not Regional Regression Equations or streams
with gage records) in this manual, it should be recognized that the resulting peak discharge and
runoff volume are clean or clear water values, and therefore do not include the flow bulking that
results from sediment.

Conveyance Structures

If the water conveyance structure (culvert, concrete box culvert, or bridge) has 120% or more of
the required design capacity above the clear water discharge to meet NMDOT hydraulic criteria,
then no further bulking factor analyses is required. However, if the conveyance structure does
not meet the 120% criterion, see Table 205-1, then a more rigorous bulking factor analysis must
be performed, or upsize the conveyance structure.

Detention and Retention Ponds

For the hydrologic analyses required for pond design, clear water storm runoff hydrographs
must account for sediment by application of sediment bulking factors. The information presented
in this Section combined with the pond design requirements presented in Section 207 must be
addressed during pond design.

402.11.1 SSCAFCA Sediment and Erosion Guide
The information in this Section was excerpted from a document titled “Sediment and Erosion
Design Guide”, November 2008, developed for the Southern Sandoval County Arroyo Flood
Control Authority (SSCAFCA), prepared by Mussetter Engineering, Inc.
http://sscafca.org/sediment-and-erosion-design-guide/
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Figure 402-16 provides a guide to a range of possible sediment bulking factors in relation to
sediment concentration for sand arroyos in the Sandoval County area. These figures and the
supporting text of the Sediment and Erosion Guide will assist in estimating sediment bulking
factors in arroyos outside the Sandoval County area (qualitatively at least).

Source: SSCAFCA, November 2008, “Sediment and Erosion Design Guide”, Figure 3.8, p. 3.24.
http://sscafca.org/development/documents/sediment_design_guide/Sediment%20Design%20G

uide%2012-30-08.pdf

Figure 402-16 Relationship between Total Sediment Concentration and Bulking Factor

Bulking Factors for the SSCAFCA Area
Discharges estimated using standard rainfall-runoff procedures typically do not account for the
presence of sediment in the flow. At high sediment loads, the total volume of the water/sediment
mixture, and thus, the peak design discharges, can be substantially higher than the
corresponding clear-water values. The following relation provides a means of computing a
bulking factor (Bf) which is a factor applied to adjust (increase) the clear-water discharges for
the presence of the transported sediment, if the sediment load is known:

Bf =
Q + QStotal

Q =
1

1 - CS 106

Sg - ( CS 106 ) ( Sg - 1 )
402-12
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(SSCAFCA, November 2008, “Sediment and Erosion Guide”, Eq. 3.25, p. 3.23)
http://sscafca.org/development/documents/sediment_design_guide/Sediment%20Design%20G
uide%2012-30-08.pdf

where:

Bf = bulking factor
Q = clear-water discharge, cfs
Qs total = total sediment load (i.e., combination of bed material and

wash load), cfs
Cs = total sediment concentration by weight, ppm and
Sg = specific gravity of the sediment

This relationship indicates that the bulked discharge for a water/sediment mixture at the upper
limit of concentrations for water floods (200,000 ppm by volume or 410,000 ppm by weight)
would be about 25 percent greater than the clear water discharge (i.e., a bulking factor of 1.25)
(Figure 402-16).

Because specific knowledge of the sediment load is often not available, conservative estimates
of the bulking factor that can be applied to a range of potential design discharges were made by
applying the MPM-Woo procedure for a typical rectangular cross section with width-depth ratio
(FD) at the dominant discharge (QD) of 40, assuming critical flow conditions and a range of
median (D50) particle sizes. Dominant discharge is defined in Figure 402-17, and a method for
estimating its magnitude is provided in the text box that follows.  Note that the figure enclosed
within the text box is difficult to read as is the original document (SSCAFCA, 2008).

Chapter 3 of this guide provides guidance in relating bulking factors to median (D50) bed
material size for the following recurrence interval floods: 2-, 5-, 10-, 25-, 50- and 100-year,
based on a range of dominant discharge values.  D50 is defined as the sediment size for which
50% of the sample is finer by weight.
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Source: SSCAFCA, November 2008, “Sediment and Erosion Design Guide”, p. 3.28.
http://sscafca.org/development/documents/sediment_design_guide/Sediment%20Design%20G

uide%2012-30-08.pdf

Figure 402-17 Annual Sediment Yield and Dominant Discharge
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The assumed width-depth ratio (FD) of 40 is based on data from a variety of existing, naturally
adjusted arroyos (Leopold and Miller, 1956; Harvey et al., 1985). The assumption of critical flow
is based on the observation that average Froude numbers (Fr) in stable sand-bed streams rarely
exceed 0.7 to 1.0 (Richardson, personal communication) at high discharges. It should also be
noted that current FEMA procedures for evaluating hydraulic conditions on alluvial fans is based
on the assumption of critical flow (Fr = 1). Based on analysis of a wide range of arroyos in the
greater Rio Rancho and Albuquerque area, the dominant discharge typically has a recurrence
interval in the range of 5 to 10 years under relatively undeveloped conditions and decreases to
3 to 5 years under highly developed conditions due, primarily, to the increase in runoff during
frequently occurring storms. The peak discharge associated with other recurrence interval flows
was estimated using average ratios for conditions in the greater Rio Rancho and Albuquerque
area. The 100-year peak discharge, for example, averages about five times the dominant
discharge. Bulking factors estimated using the above assumptions for the 100-year peak are
shown in Figure 402-18 for channels with dominant discharge ranging from 50 to 1,000 cfs and
median (D50) bed-material sizes ranging from 0.5 to 4 mm. As shown in that figure, the bulking
factors range from about 1.01 for small arroyos (Wd< = 50 cfs) with relatively coarse bed
material (D50 = 4 mm) to a maximum of 1.19 for larger channels (QD> = 500 cfs) and relatively
fine bed material (D50<= 0.5 mm). Estimated bulking factors for other recurrence interval events
for the median bed-material sizes are provided in Figure 402-19.

Source: SSCAFCA, November 2008, “Sediment and Erosion Design Guide”, Figure 3.9, p. 3.25.
http://sscafca.org/development/documents/sediment_design_guide/Sediment%20Design%20G

uide%2012-30-08.pdf

Figure 402-18 Bulking Factors for the 100-year Peak Discharge for Natural Channels
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Source: SSCAFCA, November 2008, “Sediment and Erosion Design Guide”, Table 3.6, p. 3.26.
http://sscafca.org/development/documents/sediment_design_guide/Sediment%20Design%20G

uide%2012-30-08.pdf

Figure 402-19 Estimated Bulking Factors
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402.11.2 New Mexico Institute of Mining and Technology
The NMDOT previously contracted with New Mexico Institute of Mining and Technology
(NMIMT) to study the sediment bulking issue in New Mexico streams and arroyos.  The
resulting study report “Development of Watercourse Aggradation/Degradation Risk Index for
New Mexico,” May 2013, may be acquired from the NMDOT website at:
http://dot.state.nm.us/content/dam/nmdot/Research/NM10DSN-
01_Final_Report_Aggredation_Risk_with_Impl.pdf

The NMIMT report provides estimates for sediment bulking factors and risk maps for selected
New Mexico Watersheds and for each of the NMDOT Maintenance Districts. Figure 402-20 and
Figure 402-21 are examples of the maps found in this report.  The NMIMT figures illustrate
bulking factors up to 1.50 for some areas. Note that a sediment bulking factor greater than
about 1.25 would be considered mud flow based on the reference presented in the previous
Section.

Source: New Mexico Institute of Mining and Technology, May 2013,
Development of Watercourse Aggradation/Degradation Risk Index for New Mexico

Figure 402-20 Bulking and Risk Map Example
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Source: New Mexico Institute of Mining and Technology, May 2013,
Development of Watercourse Aggradation/Degradation Risk Index for New Mexico

Figure 402-21 District Bulking Factor and Risk Map Example

402.11.3 Guidance on Sediment Bulking Factor Selection
Sediment bulking factor selection is subjective and is driven by the basin land use type and
condition, and also by the drainage conveyance system type and condition.  General guidance,
questions and items to consider that contribute or not, to bulking factor selection follow.

- Is the basin 100% urbanized without any exposed soil areas or landscape areas that will
general sediment?  If so, this would imply a bulking factor of 1.0 (no sediment load) from
the basin surface.  However, then the drainage conveyance system must also be
evaluated.

- If the basin is 100% urbanized, does the drainage conveyance system consist of only
storm drains and hard lined channels, or are there also unlined watercourses? A system
that is totally lined would imply that no sediment bulking factor would be required (factor
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of 1.0).  However, if the urbanized basin contains unlined areas and unlined channels, a
sediment bulking factor would be required.

- Mountain forest basins in good condition, with rock channels will generally contribute
very minor sediment loads.  However, if the land has been overgrazed, damaged by
logging operations, damaged by recreational vehicular traffic and related activities, or
burned by fire, the sediment yield to the watercourse must be considered and will
obviously increase the sediment bulking factor compared to a healthy forest.

- Rangeland basins in good condition will contribute minor sediment loads, and
rangelands generally outfall to natural unlined watercourses.  The composition of the
watercourse must be considered (clays, sands, gravels, cobbles, boulders).  A bulking
factor will be required for rangeland basins and the magnitude of the factor will depend
on the basin and watercourse conditions. However, if the land has been overgrazed,
damaged by logging operations, damaged by recreational vehicular traffic and related
activities, or burned by fire, excess sediment yield to the watercourse must be
considered and will obviously increase the sediment bulking factor compared to a
healthy rangeland.

402.12 Rain on Snow
Snowmelt runoff is a major component of the hydrologic cycle in some parts of New Mexico and
can be an important consideration for design flood analysis.  Heavy rainfall on snow can result
in runoff events that are significantly larger than would otherwise result from either the rainfall
event or snowmelt event alone. Consult the Drainage Design Bureau when the drainage
analysis is in a watershed with the potential for significant snow accumulations.  The NRCS
provides good guidance in “Part 630 Hydrology, National Engineering Handbook”, Chapter 11
Snowmelt” and in “Chapter 18, Selected Statistical Methods”.

402.13 Fire Related Impacts
Increased risk of severe wildfires has become increasingly frequent in New Mexico and the
Western U.S. and are currently an area of intense study by a variety of Federal and State
agencies. Much literature has been produced in recent years due to the number, size, and
severity of wildfires in the west in general and in and around New Mexico specifically.  While at
this time no dependable analysis tools are available for estimating the runoff from a severely
burned watershed, it is clear that severe wildfires in a watershed can result in flood flows that
are orders of magnitude higher than would have been expected prior to the fire.  While it may be
unfeasible to design a highway crossing for a flood that is 10 to 100 times larger than would
have resulted from the standard design storm, consideration should be given with respect to the
potential flood risk after a severe wildfire. NRCS and the U.S. Forest Service are expected to
produce planning, analysis, and design documents in the near future addressing this issue.  The
hope is that these tools will assist in planning for and defending against large post-fire flood
events. Consult with the Drainage Design Bureau for guidance when simulating burned
watersheds.

In the interim, Ventura County in California has conducted studies, and developed guidance for
estimating the impacts of flood flows after a severe wildfire.  The study is titled “Sediment/Debris
Bulking Factors and Post-Fire Hydrology for Ventura County, Final Report – June 2011”. (A
hotlink is not available.)
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403 Rational Formula Method
Hydrologic analyses performed on small (<160 acre) watersheds will normally be performed
using the Rational Formula Method. The Rational Formula Method is a widely and long
accepted procedure worldwide for estimating peak rates of runoff from small watersheds. The
Rational Formula Method may be used on NMDOT projects for roadway drainage facilities and
small drainage structures as described in Section 401 (Figure 401-1 and Figure 401-2) of this
manual.   The standard form of the Rational Formula Equation in English units is:

Q = C i A 403-1

where:

Q = the peak rate of runoff, cfs
C = Runoff Coefficient
i = the rainfall intensity, in./hr
A = the watershed or drainage area, acres

The units in the Rational Formula do not yield peak discharge in cubic feet per second (cfs)
directly, but rather are in acre-inches/hour. However, the conversion from acre-inches/hour to
cfs is 1.008 which is commonly neglected because it does not introduce a significant error. The
Rational Formula has several assumptions implicit to the method, including:

- The rainfall intensity is uniform for a duration equal to or greater than Tc
- Peak flow occurs when the entire watershed is contributing runoff
- The frequency of the resulting peak discharge is equal to the frequency of the rainfall

event.
- Both the Runoff Coefficient (C) and the rainfall intensity (i) vary with the return period

(both tend to increase as return period increases).  Therefore, both must be determined
separately for each design storm frequency.

- The Runoff Coefficient (C) is dependent on the Hydrologic Soil Group (HSG) and the
vegetative cover or in the case of developed watersheds, the percentage of impervious
cover.  HSGs are divided into four soil groups and are described in Section 402.4.

Limitations for using the Rational Formula Method on NMDOT projects include the following:

- The total drainage area should not exceed 160 acres
- Land use, slope, and soils are fairly consistent throughout the watershed
- There are no diversions, detention basins, pump stations, or other structures in the

watershed which would require the routing of a flood hydrograph
- The Time of Concentration (Tc) does not exceed one hour
- Runoff volumes may not be computed with the Rational Formula Method or Modified

Rational Formula Method (not included in this Drainage Design Manual)

403.1 Time of Concentration (Tc) for Use in the Rational Formula Method
The assumptions within the Rational Formula Method are that the rainfall intensity is uniform for
a duration equal to or greater than Tc and that the entire watershed is contributing runoff when
the peak occurs. Therefore, in order to determine the appropriate rainfall intensity “i” for the
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watershed, the Tc must be determined.  For NMDOT projects, Tc shall be calculated using the
Kirpich Equation or Upland Method depending on specific circumstances.

The Upland Method was originally developed by the Soil Conservation Service (SCS), which is
now the Natural Resources Conservation Service (NRCS). The Upland Method is described in
Chapter 15 Time of Concentration of “Part 630 Hydrology, National Engineering Handbook”
(NRCS, 2010). Note that in the current (2010) version of Chapter 15, the NRCS has renamed
the “Upland Method” to the “Velocity Method.” However, many documents still refer to it as the
“Upland Method” and, therefore, the name “Upland Method” is used in this Drainage Design
Manual.

The Upland Method is used to estimate travel times for overland flow and shallow concentrated
flow conditions. The Upland Method is limited to use in watersheds less than 2000 acres in
size, or to the upper reaches of larger watersheds. For NMDOT projects, the Upland Method
may be used for computing the Tc when using the Rational Formula Method or the Simplified
Peak Discharge Method on an un-gullied watershed.  The use of Upland Method is described
in Section 402.9.1.

When using the Rational Formula, the Kirpich Equation should be used in watersheds when
gullying is evident in more than 10% of the primary watercourse. Gullying can be assumed
if a blue line appears on the watercourse shown on the USGS quadrangle topographic map or is
apparent from field reconnaissance or from inspection of aerial photography.   The Kirpich
Equation is given as:

Tc = 0.0078 L0.77 S -0.385 403-2

(TxDOT, July 2016, “Hydraulic Design Manual,” Eq. 4-15, p. 4-39)
http://onlinemanuals.txdot.gov/txdotmanuals/hyd/index.htm

where:

Tc = Time of Concentration, minutes
L = maximum length of water travel, ft
S = surface slope, given by H/L, ft/ft
H = difference in elevation between the most hydraulically remote point in the

drainage basin and the outlet, ft

In small watersheds where the slope is very flat, and the flow path of the hydraulically longest
flow path is dominated by overland flow (> 300 ft), the Kerby Equation should be considered for
the overland flow portion and Kirpich Equation for the channelized portion.

For small watersheds where overland flow is an important component of overall travel time, the
Kerby Equation can be used. The Kerby Equation is:

TOV = K ( L N ) 0.467 S -0.235 403-3

(TxDOT, July 2016, “Hydraulic Design Manual”, Eq. 4-14, p. 4-37)
http://onlinemanuals.txdot.gov/txdotmanuals/hyd/index.htm
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where:

Tov = overland flow Time of Concentration, minutes
K = K = 0.828, a unit conversion factor
L = the overland-flow length, ft
N = a dimensionless retardance coefficient
S = the dimensionless slope of terrain conveying the overland flow

In the development of the Kerby Equation, the length of overland flow was as much as 1,200
feet. Hence, this length is considered an upper limit, and in practice, shorter values generally
are expected. The dimensionless retardance coefficient used is similar in concept to the well-
known Manning's roughness coefficient; however, for a given type of surface, the retardance
coefficient for overland flow will be considerably larger than for open-channel flow. Typical
values for the retardance coefficient are listed in Table 402-9. Roussel et al. (2005),
recommends that the user should not interpolate the retardance coefficients shown in Table
402-9. If it is determined that a low slope condition or a transitional slope condition exists, the
user should consider using an adjusted slope in calculating the Tc.

Time of Concentration with the Kerby-Kirpich Method

When the Kirpich Equation result and the Kerby Equation result are combined, it is referred to
as the Kerby-Kirpich Method. The watershed should be divided between the channelized reach
and the overland flow reach and the travel time across each reach calculated and combined to
compute the total Tc.

- If the calculations (with either Kirpich Equation or with the Kerby Equation) yield a Tc
less than 10 minutes, use 10 minutes

- If the resulting Tc is greater than 1 hour, do not use the Rational Formula Method, select
another hydrologic analysis method

403.2 Rainfall
When developing Intensity-Duration-Frequency (IDF) curves and Depth-Duration (DD) values
for Rational Formula Method from NOAA Precipitation Frequency Data Server (PFDS), the
following approach is provided to develop the IDF curves, from which the rainfall intensity “i” is
derived for the design frequency storm required.

1. Go to NOAA Precipitation Frequency Data Server (PFDS)
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm

a. Click on New Mexico on the Map
b. Data Description – use defaults
c. Get Location Options

i. Use navigation tools to either:
1. Enter latitude and longitude or
2. Select Station or
3. Selection Location on map

d. Data Description
i. Data Type: Select “precipitation intensity”
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ii. Units: Select “English”
iii. Time series type: Select “partial duration”

e. Scroll down to Depth-Duration-Frequency table below map
f. Scroll to bottom of table and in the “Estimates from the table in csv format” box

select “precipitation frequency estimates”
g. Open in MS Excel and do a “save as” to your workspace as a .txt file
h. Open .txt file (it should open in Excel)
i. Insert Chart into the Excel spreadsheet (see Table 403-1 example spreadsheet

below)
i. Insert a column adjacent to the durations and fill in with time values

(Excel doesn’t recognize “5-min” as a value)
ii. Select X Y Scatter Chart Type
iii. Select Data with duration (in minutes) on the x axis, intensity (in./hr) on

the y axis for each frequency (1-year, 2-year, 5-year, 10-year, 25-year,
50-year, 100-year) as needed for project analyses. (See Table 403-1)

j. Format x axis to allow reading duration in 1 minute increments and y axis to read
intensity in 0.1 in./hour increments. (See Figure 403-1)

k. Read rainfall intensity that matches basin Tc for the storm frequency required.
l. Minimum Tc = 10 minutes for this purpose!
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Table 403-1 NOAA Data Server Sample IDF Spreadsheet-Lemitar NM
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Figure 403-1 IDF Curves from NOAA Data Server-Lemitar, NM

To produce the Depth-Duration 1-hour precipitation values for use in determining the Rational
Formula Runoff Coefficient “C”, return to the NOAA Data Server for the same location as for the
IDF Curve development (see Table 403-2 from NOAA Data Server)
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm
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Table 403-2 Depth-Duration-Frequency Table from NOAA Data Server
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm

Procedure:

1. Data Description
a. Data Type: Select “precipitation depth”
b. Units: Select “english”
c. Time series type: Select “partial duration”

2. Scroll down to Depth-Duration-Frequency table below map
3. Scroll to bottom of table and in the “Estimates from the table in csv format” box select

“precipitation frequency estimates”
4. Open in MS Excel and do a “save as” to your workspace as a .txt file
5. Open .txt file (it should open in Excel) Table 403-2
6. Read point rainfall value for 1-hour design storm

403.3 Rational Formula Runoff Coefficient “C”
The Rational Formula Runoff Coefficient, “C” should be selected from Figure 403-2 to Figure
403-7 depending on the ground cover, Hydrologic Soil Group, type of development, and 1-hour
rainfall depth for the design return period. The Runoff Coefficient “C” figures are adopted from
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the Arizona DOT Drainage Design Manual due to the similarities in climate, soils, vegetation
and terrain between Arizona and New Mexico.

http://www.azdot.gov/docs/default-source/roadway-engineering-
library/2014_adot_hydrology_manual.pdf?sfvrsn=16

Hydrologic Soil Groups are defined in Section 402.4. Figure 403-2 to Figure 403-7 show how
“C” varies with 1-hour rainfall depth. This is because “C” is a function of infiltration and other
hydrologic abstractions, relating the peak discharge to the theoretical peak discharge produced
by 100% runoff.

Engineers are encouraged to review the supporting information provided in the Arizona manual
before using these figures in order to familiarize themselves with their limitations and
assumptions. When land use or other factors vary significantly throughout the watershed, an
area weighted “C” value should be used.   The weighted “C’” value is computed by the equation:

Weighted C =
C1 A1 + C2 A2 + C3 A3…

A
403-4

(Arizona Department of Transportation, 2014, “Highway Drainage Design Manual,
Volume 2, Hydrology, Second Edition”, Eq. 2.5, p. 2-7)
http://www.azdot.gov/docs/default-source/roadway-engineering-
library/2014_adot_hydrology_manual.pdf?sfvrsn=16

where:

C1 = “C” Runoff Coefficient for subbasin(s) 1, etc.
A1 = area of subbasin(s) 1, etc., acres

= total basin area, acres

The designer should select the appropriate Figure 403-2 to Figure 403-7, depending on the
watershed location (desert, upland range, mountain or urban) and the predominant vegetation
type (cactus, brush, grasses, juniper, pine).  Enter the appropriate Figure with the design 1-hour
rainfall depth.   Move vertically up through the Figure until the appropriate curve is found, then
move horizontally to find the design “C” value.  The appropriate curve is selected based on the
Hydrologic Soil Group (HSG) and the percent ground cover of the vegetation or percent
imperviousness. When a value falls between two curves, interpolate linearly between the two
nearest curves to the required percentage of cover or imperviousness.
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Source: Arizona Department of Transportation, 2014, “Highway Drainage Design Manual,
Volume 2, Hydrology, Second Edition”, Figure 2-1, p. 2-8.

http://www.azdot.gov/docs/default-source/roadway-engineering-
library/2014_adot_hydrology_manual.pdf?sfvrsn=16

Figure 403-2 Rational “C” Coefficient Developed Watersheds
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Source: Arizona Department of Transportation, 2014, “Highway Drainage Design Manual,
Volume 2, Hydrology, Second Edition”, Figure 2-2, p. 2-9.

http://www.azdot.gov/docs/default-source/roadway-engineering-
library/2014_adot_hydrology_manual.pdf?sfvrsn=16

Figure 403-3 Rational “C” Coefficient Desert (Cactus, Grass & Brush)
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Source: Arizona Department of Transportation, 2014, “Highway Drainage Design Manual,
Volume 2, Hydrology, Second Edition”, Figure 2-3, p. 2-10.

http://www.azdot.gov/docs/default-source/roadway-engineering-
library/2014_adot_hydrology_manual.pdf?sfvrsn=16

Figure 403-4 Rational “C” Coefficient Upland Rangeland (Grass & Brush)
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Source: Arizona Department of Transportation, 2014, “Highway Drainage Design Manual,
Volume 2, Hydrology, Second Edition”, Figure 2-4, p. 2-11.

http://www.azdot.gov/docs/default-source/roadway-engineering-
library/2014_adot_hydrology_manual.pdf?sfvrsn=16

Figure 403-5 Rational “C” Coefficient Mountain (Grass and Brush)
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Source: Arizona Department of Transportation, 2014, “Highway Drainage Design Manual,
Volume 2, Hydrology, Second Edition”, Figure 2-5, p. 2-12.

http://www.azdot.gov/docs/default-source/roadway-engineering-
library/2014_adot_hydrology_manual.pdf?sfvrsn=16

Figure 403-6 Rational “C” Coefficient Mountain (Pinion, Juniper & Grass)
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Source: Arizona Department of Transportation, 2014, “Highway Drainage Design Manual,
Volume 2, Hydrology, Second Edition”, Figure 2-6, p. 2-13.

http://www.azdot.gov/docs/default-source/roadway-engineering-
library/2014_adot_hydrology_manual.pdf?sfvrsn=16

Figure 403-7 Rational “C” Coefficient Mountain (Ponderosa)
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Appendix 6 contains Example Problem 6-1 and Example Problem 6-2.
Example Problem 6-1 and is a smaller site (34 acres) with 55% imperviousness located in
central New Mexico. Example Problem 6-2 is larger site (80 acres) with a more natural basin
the demonstrates an area weighted Runoff Coefficient “C” calculation.
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404 NRCS Simplified Peak Discharge Method

404.1 General
The NRCS Simplified Peak Discharge Method estimates the peak rate of runoff and runoff
volume from small to medium size watersheds ( 10 square miles).  This method was
developed by the Soil Conservation Service (now the NRCS) for use in New Mexico, and was
originally developed in October 1973.  This document was revised in 1985 titled "Peak Rates of
Discharge for Small Watersheds, Chapter 2, Engineering Field Manual for Conservation
Practices”, SCS, February 1985. APPENDIX 5 contains a copy that document. In April 2014,
Supplemental Notice No. NM-36 was developed as a modification to the 1985 document. NM-
36 only prescribed to replace the previous document (1985) rainfall data with NOAA Atlas 14
rainfall data.

The original Chapter 2 method (SCS, 1973) included unit peak discharge curves for different
rainfall distributions, varying from 45% to 85% of the rainfall occurring in the peak hour.

After analysis of stream gage data, the 1985 update included only one peak discharge curve,
representing a variable rainfall distribution depending on the Tc of the watershed.  This curve is
shown in Figure 404-1. Therefore, a separate estimate of rainfall distribution is not required to
use this method.  The analysis of gage data also showed that the method overestimated peak
discharges at elevations above 7500 ft.  Drainage structures above this elevation should be
evaluated by the Unit Hydrograph Method (Section 405).  The completion of the “Simplified
Peak Discharge Method Worksheet” (Figure 404-2) is required when using this method. The
NOAA Atlas 14 references and links are provided here.

NOAA, Rev. ed. 2011, “Atlas 14, Precipitation-Frequency Atlas of the United States Volume 1
Version 5.0”.
http://www.nws.noaa.gov/oh/hdsc/PF_documents/Atlas14_Volume1.pdf

Precipitation Frequency Data Server (PFDS):
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm

The use of the PFDS is preferred due to the accuracy with which point rainfall amounts may be
determined using the digital map based tools.

Infiltration and other losses are estimated using the NRCS Curve Number (CN) methodology.
Input parameters are consistent with those used in the NRCS Unit Hydrograph Method.  The
Simplified Peak Discharge Method is limited for NMDOT use to single basins less than 10
square miles in area and should not be used when Tc exceeds 10.0 hours.  When Tc is less
than 10 minutes, use 10 minutes. This method may be used on NMDOT projects for those
conditions identified in Section 401 (Figure 401-1 and Figure 401-2) of this manual.  This
method should not be used for watersheds with perennial streamflow.  In the case of perennial
streams, use the method described in Section 406 if a stream gage exists, or the method
described in Section 405, and include base flow.

The NMDOT Drainage Design Bureau can be contacted to obtain a copy of a spreadsheet used
to calculate flows via the SCS/NRCS Simplified Peak Discharge Method.  Note that the
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Engineer/Consultant is responsible for understanding the use of, and the accuracy of the results
from this spreadsheet.

404.2 Limitations
The NRCS Simplified Peak Discharge Method limitations are as follows:

- Do not use on watersheds larger than 10 square miles
- Do not use when more than 30% of the drainage area is urban
- Do not use when more than 30% of the watershed is above 7500 feet in elevation
- Do not use a Tc of less than 10 minutes (0.16 hours) or greater than 10 hours
- Do not use on watersheds with perennial streams
- Do not use on areas impacted by significant snowmelt or recently impacted by severe

wildfire

404.3 Factors Affecting Runoff
Precipitation is the source of runoff from small watersheds.  The soils and vegetation of the
watershed affect the amount of precipitation that runs off.  Mechanical treatment on a
watershed, along with its topography and shape, also affect the rate at which water runs off.
Runoff Curve Numbers (CNs) represent the combined effect of soil, vegetative cover, and
conservation practices in runoff determinations.  Transmission or channel losses in sand and
gravel bed channels can also significantly affect the volume and peak discharge arriving at the
point of interest in a watershed.

NRCS, 2007, Part 630 National Engineering Handbook, Chapter 19, Transmission Losses,
provides guidance for calculating the impacts of these losses on the flood hydrograph.  If the
engineer believes that transmission losses have a significant impact on flows in the basin, the
analysis should not be performed using the Simplified Peak Discharge Method, but rather the
Unit Hydrograph Method in HEC-HMS (Section 405).

404.4 Precipitation
The highest rates of runoff from small watersheds are usually caused by intense rainfall.  The
intensity of rainfall affects the rate of runoff more than it does the volume of runoff.  Intense
rainstorms that produce high rates of runoff in small watersheds usually do not extend over a
large area.  The same intense rainstorm that causes flooding in a small tributary is not likely to
be the one that will cause major flooding in a main watercourse that drains many square miles.
Data from recording rain gages were studied to determine an appropriate rainfall distribution for
New Mexico. Generally, New Mexico has more intense, shorter duration rainfalls than other
parts of the U.S.

The melting of accumulated snow in the mountains may result in a greater volume of runoff, but
usually at a lesser rate than runoff caused by rainfall.  The melting of a winter’s snow
accumulation over a large area may cause major flooding along rivers.
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The Simplified Peak Discharge Method requires the 24-hour total precipitation depth, and the
method is applicable to the 100-yr storm and all more frequent recurrence interval storms.

Obtain the 24-hour rainfall depth directly from the NOAA Precipitation Frequency Data Server
(PFDS) as described in Section 403.2. For NMDOT projects, there is no reduction factor for
partial series versus annual series applied to 2-year, 5-year, and 10-year rainfall depths. This
represents a slight departure from the original NRCS Method (NRCS, 1985-2014) and adds a
small percentage of safety factor for the more frequent return period events.

The time distribution of rainfall is built into the Simplified Peak Discharge Method. This statewide
rainfall distribution varies from 45% to over 85% of the 24-hour rainfall occurring in the peak
hour of the storm as the Time of Concentration (Tc) varies from 10 minutes to 10 hours.

For NMDOT drainage design, find the 24-hour rainfall depth from the NOAA Precipitation
Frequency Data Server for the centroid of each watershed.

404.5 Antecedent Runoff Condition
The amount of precipitation occurring in the five days preceding the storm in question is an
indication of the Antecedent Runoff Condition (ARC) of the soil.  The CNs in Table 402-2 to
Table 402-5 are for an average ARC II. Watersheds in New Mexico most often meet an ARC I
or ARC II condition.  NRCS has over 60 years of experience in the sizing of flood control dams
around New Mexico using ARC II as the design condition. Experience has shown that the use of
ARC II is conservative in that as it has been extremely rare for the emergency spillway on one
of their dams to flow (a majority of these dams were designed for the 25-year or 50-year flood
event). ARC III provides a very conservative assumption and generates significantly larger
peak discharges and runoff volumes than ARC II for the same Curve Number and is typically
not the case for most watersheds in New Mexico.  Therefore, use ARC II for NMDOT projects.

404.6 Hydrologic Soil Groups
The texture, composition and density of soils have a direct impact on the amount and rate at
which rainfall becomes runoff, and therefore, the soil type is a critical piece of information in the
development of rainfall/runoff calculations.  In general, soils are classified as sandy, silty, loamy
or clayey.  In nature, there can be an infinite number of combinations of these characteristics.
The NRCS has divided the extremely wide range of soil textures by their hydrologic (runoff
producing) characteristics into four Hydrologic Soils Groups: Type A, B, C and D.  Type A soils
are generally sandy soils and low runoff producers and Type D are clayey soils and high
producers of runoff for a given rainfall volume.  Types B and C soils runoff characteristics are
subdivisions within the range of A to D.

Information regarding the soils in a watershed has been surveyed by NRCS and other agencies
for almost the entire country including the State of New Mexico.  This information is generally
available from the NRCS by consulting the Natural Resources Conservation Service’s (NRCS)
Field Office Technical Guide; or the Web Soil Survey website.
http://websoilsurvey.nrcs.usda.gov/

Occasionally, when dealing with public lands (U.S. Forest Service, BLM, military bases) the
soils information will not be shown in the NRCS database but may be available from the land
management agency responsible for those lands.
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For an expanded discussion and instructions on soils and their effects on runoff, see Sections
402.4, 402.5, and 402.6.  See also Example Problem 6-7 located in Appendix 6 for a technical
paper titled “Hatch Site 6 Runoff Methods Revisited” as an example of an approach for
searching more deeply into predicted runoff results.

404.7 Vegetative Cover
Vegetation affects runoff in several ways including the following:

- The foliage and its litter maintain the soil’s infiltration potential by preventing the sealing
of the soil surface from raindrop impact

- Foliage retains some of the raindrops, increasing their chance of being evaporated
- Some of the moisture is intercepted on the plant and withheld from the initial period of

runoff
- Vegetation transpires soil moisture leaving a greater void in the soil to be filled
- Vegetation, including its ground litter, forms numerous barriers along the path of the

water flowing over the surface of the land (this lengthens the travel time and increases
opportunity for infiltration)

The following information can be used as a guide in determining the vegetative cover conditions
for range sites.  Grass cover is evaluated on plant basal area while trees and shrubs are
evaluated using canopy cover.  Litter can be an effective cover and should be considered.

Cover Condition Class

Condition Vegetative Cover

Poor Less than 30% ground cover

Fair About 30% to 70% ground cover

Good More than 70% ground cover

Refer to NRCS NEH Part 630, (EFH) Amend. IA50, Nov. 2007 “Hydrologic Soil-Cover
Complexes”.
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_022388.pdf

For a more complete guide to determining the percentage of vegetative cover, see “Sampling
Vegetation Attributes” Interagency Technical Reference 1996 (Rev. ed. 1997 and 1999) at:
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044175.pdf

For a more detailed discussion and instructions on determining the appropriate Cover
Conditions see Sections 402.5 and 402.6 and the example Soil Cover Complex photographs
presented in APPENDIX 4.

404.8 Conservation Practices
Conservation practices, in general, reduce sheet erosion and thereby maintain an open
structure of the soil surface. Soil and water conservation practices are control measures
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consisting of managerial, vegetative, and structural practices to reduce the loss of soil and
water. The application of conservation practices across a watershed reduces the volume of
runoff, but the effect diminishes rapidly with increased storm magnitude.  Some types of these
practices are discussed below.  Visit the NRCS website for more detailed information regarding
conservation practices.
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/technical/cp/ncps/?cid=nrcs143_02
6849

Crop residue tilled into the soil and the residual root system from grasses that have been in the
crop rotations produce a condition favoring greater infiltration and water storage in the soil
profile.  The effect of conservation tillage on reducing runoff ranges from slight to substantial.

Contouring and terracing reduce sheet erosion and increase the amount of rainfall withheld from
runoff by the small reservoirs they form.  Land areas in which level terraces have been
constructed may be excluded from the drainage area above downstream measures if they store
the design depth of runoff.  Gradient terraces increase the distance water must travel and
thereby increase the Time of Concentration.  This, in turn, reduces the peak rate of discharge.

Watershed slopes affect the rate of runoff and the peak discharge rate at downstream points.
Slopes have a smaller effect on the volume of runoff than conservation practices such as
contouring and terracing.

Small depressions may trap an initial amount of rain, thus reducing the amount of expected
runoff.  Where ponding or swampy areas occur in the watershed, a considerable amount of
surface runoff may be retained in temporary storage.  NRCS Small Watershed Hydrology
WinTR-55 User Guide, 2009 contains a procedure to adjust the peak discharge for ponded
areas.
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1042897.pdf

404.9 Runoff Curve Number (CN)
The NRCS Runoff Curve Number (CN) is a lumped watershed parameter and most often serves
as a proxy for all losses to precipitation from the time it hits the ground surface until it reaches
the point of interest in a hydrologic analysis.  As such, it should not be interpreted as a point
infiltration value but rather as representing all losses (capture, infiltration, transmission,
evaporation, etc.) unless separate calculations will be made for ponding and transmission
losses.

Sections 402.5 and 402.6 contain important and useful excerpts from NRCS, June 1986,
TR-55, Urban Hydrology for Small Watersheds, Chapter 2, which provides a complete and clear
explanation of the CN, its determination, and its use in hydrologic analyses.
www.wcc.nrcs.usda.gov/ftpref/wntsc/H&H/other/TR55documentation.pdf

404.10 Time of Concentration
Calculate the Time of Concentration (Tc) for use in the Simplified Peak Discharge Method using
the Upland Method for un-gullied watersheds and the upper, un-gullied portions of somewhat
gullied watersheds.  Use the Kirpich Equation for the gullied portions of the watershed and for
watersheds that are almost entirely gullied.  Follow the guidance in Section 402.8.



NMDOT Drainage Design Manual July 2018 Page 4—85

404.11 Peak Discharge Application Procedure

Step 1 – Gather input data.

Use the Simplified Peak Discharge Method worksheet Figure 404-2. Establish the appropriate
Design Frequency Flood(s) for analysis (Section 200).

- Measure the drainage area, (A), in acres
- Compute the Time of Concentration, (Tc), in hours (Sections 402.8 and 402.9)
- Determine the appropriate Runoff Curve Number, CN, for the drainage basin (Sections

402.5 and 402.6)
- Obtain the 24-hour rainfall depth, P24, in inches, for the appropriate design frequency,

from NOAA Atlas 14 or online from the NOAA PFDS

Step 2 – Determine the unit peak discharge, qu, for the watershed.

The unit peak discharge, qu, in cfs/ac-in. can be read from Table 404-1 or Figure 404-1, given
the Tc.
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Table 404-1 Unit Peak Discharge Table for NRCS Simplified Peak Discharge Method

Source: Soil Conservation Service, 1973, revised by Luther McDougal, and Calvin Jackson,
1973, updated by Larry Goertz, February 1985, updated by Roger Ford, 2014, “Peak Rates of

Discharge for Small Watersheds, Chapter 2, Engineering Field Manual for Conservation
Practices”.

(Not available on-line – see APPENDIX 5).

qu qu
hours min cfs/ac-in hours min cfs/ac-in
0.167 10.000 1.900 1.500 90 0.395
0.200 12.000 1.730 2.000 120 0.313
0.233 14.000 1.650 2.500 150 0.260
0.267 16.000 1.500 3.000 180 0.225
0.300 18.000 1.350 3.500 210 0.202
0.333 20.000 1.280 4.000 240 0.178
0.367 22.000 1.180 4.500 270 0.163
0.400 24.000 1.100 5.000 300 0.148
0.433 26.000 1.040 5.500 330 0.138
0.467 28.000 0.970 6.000 360 0.128
0.500 30.000 0.930 6.500 390 0.122
0.533 32.000 0.890 7.000 420 0.115
0.567 34.000 0.848 7.500 450 0.108
0.600 36.000 0.805 8.000 480 0.100
0.633 38.000 0.778 8.500 510 0.095
0.667 40.000 0.752 9.000 540 0.090
0.700 42.000 0.725 9.500 570 0.087
0.733 44.000 0.688 10.000 600 0.083
0.800 48.000 0.650
0.867 52.000 0.623
0.900 54.000 0.595
1.000 60.000 0.550

Tc Tc
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Source: Soil Conservation Service, 1973, revised by Luther McDougal, and Calvin Jackson,
1973, updated by Larry Goertz, February 1985, updated by Roger Ford, 2014, “Peak Rates of

Discharge for Small Watersheds, Chapter 2, Engineering Field Manual for Conservation
Practices”.

(Not available on-line – see APPENDIX 5).

Figure 404-1 Unit Peak Discharge for NRCS Simplified Peak Discharge Method

If not using Figure 404-1, then read the unit peak discharge (qu) value from Table 404-1.

Calculate the direct runoff depth (Q) from the watershed. The direct runoff is expressed as an
average depth of runoff (Q) over the entire watershed, in inches. The direct runoff may be read
from Figure 402-8 using the 24-hour rainfall depth (P) in inches, and the Runoff Curve Number,
CN.



NMDOT Drainage Design Manual July 2018 Page 4—88

The direct runoff depth (Q) may also be calculated from the following equation:

Q =
P - 200

CN + 2 2

P + 800
CN - 8

404-1

(Soil Conservation Service,1973, revised by Luther McDougal, and Calvin Jackson, 1973,
updated by Larry Goertz, February 1985, updated by Roger Ford, 2014, “Peak Rates of
Discharge for Small Watersheds, Chapter 2, Engineering Field Manual for Conservation
Practices”)

where:

Q = direct runoff, inches
P = rainfall depth, inches
CN = Runoff Curve Number

Note that this method was developed based the 24-hour rainfall duration (P), with the maximum
return period of 100-years, and is also applicable for more frequent return periods. The direct
runoff depth (Q) may sometimes be shown as Qd, to indicate depth, and to distinguish this term
from the letter Q, which is also used often to designate discharge in cubic feet per second (cfs).

Step 3 – Compute the peak discharge

Compute the peak discharge (Qp) from the watershed by the following equation:

Qp = A Q qu 404-2

where:

QP = peak discharge, cfs
A = drainage area, acres
Q = direct runoff, inches
qu = unit peak discharge, cfs/acre-inch
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Step 4 – Compute the runoff volume, if required.

The runoff volume (Q) is obtained by the equation:

Qv = (Q  A) / 12 404-3

where:

Q = direct runoff, inches
Qv = runoff volume from the watershed, ac-ft
A = drainage area, acres

Step 5 – Estimate Transmission Losses

Transmission losses shall not be applied when using the Simplified Peak Discharge Method
except for water quality and sediment transport related applications. For small frequent rainfall
events and water quality analyses, transmission losses can be significant and should be
considered.  For sediment transport analyses, transmission losses should be considered to
avoid over estimation of sediment transport rates.
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Source: Soil Conservation Service,1973, revised by Luther McDougal, and Calvin Jackson,
1973, updated by Larry Goertz, February 1985, updated by Roger Ford, 2014, “Peak Rates of

Discharge for Small Watersheds, Chapter 2, Engineering Field Manual for Conservation
Practices”.

Figure 404-2 Simplified Peak Discharge Method Worksheet

Appendix 6 contains two example Simplified Peak Discharge Method problems. Example
Problem 6-3 is for a mid-size basin (7.6 sq mi) and Example Problem 6-4 is for a small basin
(1.07 sq mi).
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405 NRCS (SCS) Unit Hydrograph Method within HEC-HMS
While there are multiple computer programs that can be used to develop a hydrograph, the
NRCS Synthetic Unit Hydrograph Method has been selected for use on NMDOT projects in
order to simplify reviews and to improve consistency.  This method shall be used for watersheds
over 10 square miles, or which have centroids above 7500 feet and whenever peak discharge
calculations involve multiple subbasins and complex hydraulics within and among subbasins.
The method should also be used whenever the analysis includes flood routing through detention
facilities, pump stations, or long conveyance facilities. Synthetic unit hydrographs can be used
to model drainage basins with or without base flow.

A hydrograph is a plot of discharge versus time. Synthetic unit hydrograph methods are used to
adjust the shape of a generalized hydrograph to a particular drainage basin, usually at an
ungaged site. A unit hydrograph is defined as the direct runoff hydrograph resulting from a
rainfall event which has a specific temporal and spatial distribution, and which generates a unit
depth of rainfall. The area beneath the unit hydrograph curve is equal to the volume of direct
runoff from one inch of excess rainfall over the entire drainage basin or subbasin. Figure 405-1
shows a dimensionless unit hydrograph and its associated cumulative mass curve.

Source: NRCS, 2007, “Part 630 Hydrology, National Engineering Handbook”,
Chapter 16, Hydrographs, Figure 16-1, p. 16-3.

http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17755.wba

Figure 405-1 Dimensionless Unit Hydrograph and Mass Curve
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The NRCS Unit Hydrograph was developed through the analysis of a large number of natural
(measured) unit hydrographs from a broad cross section of geographic locations and hydrologic
regions around the continental United States.

Computer models are the preferred approach for application of the SCS (now NRCS) Synthetic
Unit Hydrograph Method. These computation methods make creation, addition, and routing of
multiple hydrographs a relatively easy task.

There are commercially available software programs such as WMS and AutoDesk that perform
hydrologic modeling.  However, the NMDOT model of choice for large and/or complex
watersheds and anytime a hydrograph is needed, is the U.S. Army Corps of Engineers
(USACE) program HEC-HMS. Appendix 6 contains Example Problem 6-6 that presents an
example of a HEC-HMS problem.

The program, the User’s Manual, the Technical Reference Manual, the Application Guide and
sample models are available as free downloads from the USACE Hydrologic Engineering
Center at:
http://www.hec.usace.army.mil/software/hec-hms/

HEC-HMS version 4.2.1 (latest version at the time of the publication of this manual) is capable
of performing a wide variety of hydrologic analyses. With the GIS companion product (HEC-
GeoHMS) data collection, basin delineation and rainfall input parameters have been simplified
and made reproducible.

Basic data for HEC-HMS is standard to nearly all hydrologic analyses models as follows:

- Drainage basin area
- Time of Concentration
- Rainfall/Runoff algorithm (in this case Runoff Curve Number)
- Total rainfall depth
- Rainfall temporal distribution
- Conveyance system hydraulic data

Detailed instructions for the construction of a HEC-HMS model are not included in this manual
since they are extensive and well presented in the HEC-HMS User’s and Technical Reference
Manuals.  HEC-HMS has been updated several times since its introduction, and its capabilities
are modified and expanded with each version.  Also, since the use of the most current version is
recommended, the inclusion of detailed usage instructions which are subject to change in this
manual is not practical.

There are some basic requirements for use of a hydrologic computer model on a NMDOT
project.

- Use of a computer model other than HEC-HMS must be approved by the NMDOT
Drainage Design Bureau prior to its use.

- The rainfall distribution used must be the 25% frequency produced by HEC-HMS
from rainfall data from NOAA Atlas 14 or the NOAA Precipitation Frequency Data Server
for the specific flood frequency and watershed under investigation, unless otherwise
authorized by the Drainage Design Bureau (see Section 405.3 for further explanation).

- Tc must be computed using the Iterative Method within the Stream Hydraulic Method,
and/or the Upland Method as appropriate. The use of the Kirpich Equation is appropriate
for checking the results from Section 402.9.5. Refer to Table 402-6 for guidance on
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selection of a Time of Concentration method. Complete input files, routing diagrams, and
summary output files must be included (in an appendix) in every drainage report, as well
as the HEC-HMS Method worksheet (see Figure 405-9).

- When hydrograph routing is required, the Muskingum-Cunge Method is preferred for use
with the NRCS Unit Hydrograph procedure.  On occasion, special circumstances may
warrant the use of one of the other routing methods available within HEC-HMS.
Consult with the Drainage Design Bureau before using an alternative method.

405.1 Basin Delineation
Regardless of the hydrologic analysis method selected including HEC-HMS, the area of a
drainage basin and its subbasins are always required.  Basic to all hydrologic methods is the
assumption that the basin or subbasin can be reasonably characterized by one set of hydrologic
characteristics (soils, slope, rainfall, vegetative cover, and land use).  The further the basin and
subbasin characteristics diverge from this assumption, the less accurate and reproducible the
results will be. Good “rules of thumb” regarding basin and subbasin sizing are that the length of
a basin or subbasin delineation should not exceed 4 times its width and that no subbasin should
be more than 10 times larger than the smallest subbasin.

Section 402.2 contains a more detailed description of the hydrologic factors that should be
considered when delineating basins and subbasins. Also refer to the discussion in Section
405.9 regarding minimum Tc and model computation interval as they relate to basin size and
modeling.

405.2 Rainfall Volume
The rainfall depths for the design frequency storm are to be found at the NOAA Precipitation
Frequency Data Server for the centroid of the watershed being studied (using the Partial
Duration Series).  In very large watersheds, the use of different rainfall volumes for portions of
the watershed may be appropriate (e.g. mountain faces might differ from the alluvial plains
below). Rainfall depths for specific durations (i.e. 5 minute, 15 minute, 60 minute, etc.) are also
provided.  These values are inputs to HEC-HMS for development of the 25% design rainfall
temporal distribution used in the NRCS Unit Hydrograph Method.

405.3 Rainfall Temporal Distribution
Proper application of this method requires use of a 24-hour rainfall event with the peak
precipitation rate occurring at 6 hours. Rainfall data for the NRCS Unit Hydrograph Method
consists of point precipitation depths for various durations up to and including the 24-hour point
depth, and also requires a rainfall distribution. Point precipitation depths for the design return
period may be obtained directly from NOAA Atlas 14 or the NOAA Precipitation Frequency Data
Server.

Previously, the rainfall distribution prescribed for use on NMDOT projects with the NRCS (SCS)
Unit Hydrograph Method was called the Modified NOAA-SCS rainfall distribution. This Modified
NOAA-SCS rainfall distribution was a combination of the peak rainfall intensity defined by
NOAA, with an NRCS Type II-a storm rearrangement. HEC-HMS does not have a built in NRCS
Type II-a storm distribution.



NMDOT Drainage Design Manual July 2018 Page 4—95

However, the 25% frequency storm distribution available within HEC-HMS is a very close
approximation and is prescribed for NMDOT hydrologic analyses wherever a rainfall distribution
is required.  Given that NOAA Atlas 14 has a greatly expanded database compared to the data
available to the U.S. Weather Bureau at the time the Type II-a distribution was developed, the
25% distribution available in the HEC-HMS program should produce more accurate results
throughout New Mexico.

For NMDOT drainage design projects, apply the 25% frequency storm distribution. The HEC-
HMS User’s Manual describes the method for creating model rainfall distributions. Figure 405-2
and Figure 405-3 are provided for additional guidance.
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Figure 405-2 Sample NOAA Precipitation Frequency Data Sever Output
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Figure 405-3 Sample HEC-HMS Precipitation Input Table

405.4 Soils Data
The NMDOT requires that hydrologic modeling within HEC-HMS utilize the NRCS Runoff Curve
Number (CN) Method for determining a watershed’s response to rainfall.  Soils data (Hydrologic
Soils Group) is integral to determining the CN.

The texture, composition and density of soils have a direct impact on the amount, and rate at
which rainfall becomes runoff and, therefore, the soil type is a critical piece of information in the
development of rainfall/runoff calculations.  In general, soils are classified as sandy, silty, loamy
or clayey. Of course, in nature, there can be an infinite number of combinations of these
characteristics.  The NRCS has divided the extremely wide range of soil textures by their
hydrologic (runoff producing) characteristics into four Hydrologic Soils Groups: Type A, B, C,
and D with: Type A being generally sandy soils and low runoff producers and Type D being
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clayey soils and high producers of runoff for a given rainfall volume.  See Section 402.4 for a
more detailed description of soil classifications and their impact on the CN.  Soils data are
available for almost all of New Mexico from the NRCS Web Soil Survey at:
http://websoilsurvey.nrcs.usda.gov/.

405.5 Hydrologic Soil Cover Complexes
A combination of a Hydrologic Soil Group (soil), land use and treatment class (cover) is a
hydrologic soil-cover complex. A range of Runoff Curve Numbers (CNs) based on the
combination of soil texture and cover has been developed by the NRCS from empirical data and
is published by NRCS in their National Engineering Handbook, Chapter 9 as well in multiple
other locations. Section 402.5 contains a detailed description of the accepted process for
determining appropriate soil cover complexes for use on NMDOT projects.

405.6 Runoff Curve Number
The NRCS Runoff Curve Number (CN) is a lumped watershed parameter and most often serves
as a proxy for all losses from the beginning of precipitation until runoff reaches the point of
interest in a hydrologic analysis.  As such, it should not be interpreted as a point infiltration value
but rather as representing all losses (initial abstraction, infiltration, transmission, evaporation,
etc.) unless separate calculations will be made for ponding and transmission losses. Section
402.6 contains a detailed description of the methods prescribed for determining the CN for
NMDOT projects.

405.7 Other Land Use Effects
HEC-HMS has the ability to simulate the effects of directly connected impervious areas, ponds,
dams, storm drains, and pump stations on the runoff hydrograph.  The HEC-HMS User’s
Manual and the Technical Reference Manual should be consulted for the details regarding input
data, limitations and capabilities of the software.  Any NMDOT project that contains these
elements and requires analyses of their impacts should utilize HEC-HMS unless approved by
the Drainage Design Bureau.

Note that when modeling heavily urban basins, if the engineer inputs percentage impervious
directly into the model, HEC-HMS assumes a CN=100 and produces 100% runoff from that
area. Impervious areas should be classified as CN=98.  Do not use the percentage impervious
option in HEC-HMS.

405.8 Time of Concentration and Basin Lag
Time of Concentration (Tc), is defined as the time required for runoff to travel from the
hydraulically most remote part of the watershed to the point of interest.  The determination of Tc
is one of the most important and sensitive drainage basin modeling needs when calculating the
peak rate of runoff and hydrographs in HEC-HMS.  Tc is a simplified proxy for the hydrologic
response to precipitation by a watershed (capturing the interrelated effects of size, shape, and
slope). The Tc for a watershed or subbasin has the most dramatic effect on the shape of the
runoff hydrograph of any parameter. An accurate estimate of a watershed's Tc is therefore
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crucial to every type of hydrologic modeling. Section 402.8 contains a detailed discussion and
outlines the various methods approved to calculate and check Tc for a subbasin.

In the SCS (NRCS) Unit Hydrograph Method, basin lag (Lag or tlag) is defined as the time
between the center of mass of excess rainfall and the peak of the unit hydrograph as:

Lag = 0.6 × Tc 405-1

(NRCS, 2010, “Part 630 Hydrology, National Engineering Handbook, Chapter 15 Time of
Concentration”, Eq. 15-3, p. 15-3)
https://directives.sc.egov.usda.gov/27002.wbas

where:

Lag = the time between the center of mass of excess runoff and the hydrograph
peak, hr

Tc = time of concentration, hr

Figure 405-4 illustrates the various time relationships important to the development of the
dimensionless unit hydrograph and resulting basin specific hydrographs within the NRCS Unit
Hydrograph Method.
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Source:  NRCS, 2007, Part 630 Hydrology, National Engineering Handbook, Chapter 16
Hydrographs, p. 16A-1

https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/water/?&cid=stelprdb1043063

Figure 405-4 Graphical Representation of Relationships Between Lag, Tp and Tc

405.9 HEC-HMS Computation Interval and Duration Guidance

405.9.1 Computation Interval
The computation interval or time step for modeling within HEC-HMS can be specified for a
range of intervals as follows:

1, 2, 3, 4, 5, 6, 10, 15, 20, 30 (minutes)

1, 2, 3, 6, 8, 12, 24 (hours)
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Selection of the appropriate computation interval can also affect the modeling results. The HEC-
HMS Technical Reference Manual (USACE, March 2000) states: “that for adequate definition of
the ordinates on the rising limb of the NRCS Unit Hydrograph, a computational interval, t, that
is less than 29% of tlag must be used (USACE 1998).”

Therefore, if basin Lag=0.6 Tc, (Lag is the same as tlag) then the maximum computational
interval for use within HEC-HMS to adequately define the rising limb of the hydrograph (and
often to capture the peak) is given by:

< 0.29 x 0.60 Tc < 0.17 Tc 405-2

Note that 0.29 x 0.60 = 0.17, therefore this equation reduces to

t < 0.17 Tc

(USACE, March 2000, “Hydrologic Engineering Center, “HEC-HMS Technical Reference
Manual, p. 55)
http://www.hec.usace.army.mil/software/hec-hms/documentation/HEC-
HMS_Technical%20Reference%20Manual_(CPD-74B).pdf

The following items are offered as additional guidance for selecting the minimum model
computation interval selection:

1. Generally, the computation interval “ ” should be based on the Tc of the smallest
subbasin in the model.

2. Note that the shortest rainfall interval available from NOAA is 5 minutes, selecting
a shorter computation interval will require HEC-HMS to extrapolate to find a
smaller than 5-minute rainfall increment.

3. For 24-hour storm distributions, use a computation interval “ of 5 minutes or
greater, unless there are other compelling reasons for deviating from 5 minutes.

4. For basins with Tc shorter than 30 minutes, be aware that the computed runoff
volume will be accurate but that the model may misstate the peak.  Peak rates
developed with HEC-HMS for basins with Tc shorter than 30 minutes should
always be checked against other methods and experience.

5. Note that shorter and more numerous computation intervals do not always result in
better answers (accuracy versus precision).

405.9.2 Duration of Simulation
The model simulation duration (the beginning and ending date and time) should be long enough
to capture the entire storm runoff hydrograph.  After an initial model run duration of 24 hours,
the engineer should review the terminal basin outfall hydrograph to determine if the discharge
has returned to zero. If zero discharge is not achieved, extend the model duration and simulate
again to obtain zero discharge. Durations greater than 24 hours will generally be required for
larger basins (greater than 10 square miles) and for models which contain reservoir routings
with long detention times.
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405.10 Transmission Losses (Channel Losses)
HEC-HMS has the ability to include the effects of channel losses to the hydrograph. This
function is available only in the Modified Puls and Muskingum-Cunge hydrograph routing
Methods.  Channel losses are included in the “Reach” description within the Basin Model
Manager within HEC-HMS.  Generally, channel losses do not significantly affect the peak rate of
discharge for larger, infrequent flood events, but may have a significant and measurable effect
on floods up to the 5-year flood.  Therefore, transmission losses should not be considered in the
modeling of floods events equal to or greater than the 10-year event.  Models constructed for
the purpose of evaluating water quality and for determining channel stability and sediment
transport will benefit from consideration of transmission losses. If the need to determine the
values for use in calculating channel losses on NMDOT projects should arise, use the
Percolation Loss/Gain method as outlined in the HEC-HMS User’s Manual (p. 234) and the
NRCS, 2007, Part 630 Hydrology National Engineering Handbook, Chapter 19, Appendix 19C
“Estimating Transmission Losses When No Observed Data are Available”.
http://www.hec.usace.army.mil/software/hec-hms/
http://www.wcc.nrcs.usda.gov/ftpref/wntsc/H&H/NEHhydrology/ch19.pdf

405.11 Flood Routing
HEC-HMS offers a total of six hydrologic routing methods for simulating flow in open channels.
For most NMDOT project applications, the Muskingum-Cunge Method is the preferred method.
HEC-HMS can also include flood hydrograph routings through diversions, reservoirs, and pump
stations.

The Muskingum-Cunge Routing Method is based on the combination of the conservation of
momentum and the conservation of mass. This Method relates storage to both inflow and
outflow discharges from both the channel and floodplain within each analysis reach. This
Method is sometimes referred to as a Variable Coefficient Method because routing parameters
are recalculated every time step based on channel properties and the flow depth. The
computations attempt to simulate the attenuation of flood waves and can be used in reaches
with a mild slope.

405.12 Model Results Reporting
Once the model has been run and the results have been checked for reasonableness, the
engineer must include the summary results for each storm frequency simulated in the report.
See Figure 405-5 for the HEC-HMS “Global Summary Table”.
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Figure 405-5 HEC-HMS Global Summary Results Example

Sort the results in the Global Summary Table using “Hydrologic” order, and also select the
“Volume Units” to be in ac-ft. Then the HEC-HMS “Global Summary Table” can be exported as
a text file to any number of spreadsheet programs for formatting needs as shown in Figure
405-6.
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Figure 405-6 HEC-HMS Discharge Summary Table Example

In addition, a Basin Model map generated in HEC-HMS (Figure 405-7) should be included in
the report.  This can be created simply by utilizing a screen capture program to copy the screen
from HEC-HMS.  This Basin Model Map is a schematic that is valuable to assist in
understanding the model organization, and the order that basin elements were applied to
simulate the basin storm runoff.
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Figure 405-7 HEC-HMS Basin Model Example

The hydrograph shape can be found under the element results (Figure 405-8).

Figure 405-8 HEC-HMS Display Hydrograph Menu Example
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The HEC-HMS Method Worksheet (Figure 405-9) should be filled out as well.

Figure 405-9 HEC-HMS Method Worksheet
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406 Watersheds with Stream Gage Data
When considering the use of statistical analysis of gage data for design purposes, it is important
to determine if the present watershed conditions are represented by the stream gage record or if
there has been a significant change in land use. If there has been a significant increase in
urbanization or change in agricultural practices, the historical record may not represent current
conditions. While many hydrologic techniques are available for the prediction of frequency of
flow events, this section presents concepts and techniques for analyzing peak flows using
stream gage data and, to a lesser extent, low flows, following the recommendations of

USGS, England, J.F., Jr., Cohn, T.A., Faber, B.A., Stedinger, J.R., Thomas, W.O., Jr., Veilleux,
A.G., Kiang, J.E., Mason, R.R., Jr., 2018, “Guidelines for Determining Flood Flow Frequency,
Bulletin #17C, Chapter 5 of Section B, Surface Water, Book 4, Hydrologic Analysis and
Interpretation, Techniques and Methods 4-B5”.
https://pubs.er.usgs.gov/publication/tm4B5

Elements of risk and uncertainty are inherent in any flood frequency analysis. It is possible to
standardize many elements of flood frequency analysis, but reliable results are only possible
where available records are adequate to warrant statistical analysis of the data.

Flow frequency analysis relates the magnitude of a given flow event with the frequency or
probability of that event’s exceedance. If a stream gage is available and the conditions
applicable, a gage analysis is generally considered preferable to deterministic methods
(Rational Formula Method, Simplified Peak Discharge Method or NRCS Unit Hydrograph
Method within HEC-HMS).  Since a gage represents the actual rainfall-runoff behavior of the
watershed in relation to the stream. A variety of Federal, state, and local agencies operate and
maintain stream gages. Currently, the USGS operates about 7,000 active stream gaging
stations across the country. Data are also available for about 13,000 discontinued gaging
stations.  Data is available for 155 currently active sites in New Mexico and for a total of 495
sites when the discontinued sites are included.

The USGS has determined station specific flood frequency data for 293 gage locations for
recurrence intervals of 2-, 5-, 10-, 25-, 50-, 100- and 500-years that generally have 10 or more
years of record (through 2004).  Historical peak flow data for both active and discontinued
gages can be found at the following USGS website at:
http://nwis.waterdata.usgs.gov/usa/nwis/peak.

This information is also found in Appendix 1 of the USGS report prepared for New Mexico in
cooperation with the NMDOT: “Analysis of the Magnitude and Frequency of Peak Discharge
and Maximum Observed Peak Discharge in New Mexico and Surrounding Areas”, Scientific
Investigations Report 2008-5119, USGS, Waltemeyer, Scott, D., 2008.
http://pubs.usgs.gov/sir/2008/5119/

The USGS has also developed a web-based flood-frequency analysis tool called "PeakFQ-
Flood-Frequency Analysis", for determining the stream flood statistics at gaging stations with
sufficiently long records. This program is available at:
https://water.usgs.gov/software/PeakFQ/

Streamflow data from gages other than USGS gages should not be used for design of NMDOT
projects (unless approved by the NMDOT), but may be useful for checking against peak
discharge estimates derived from other methods and sources. There are several general
scenarios in which data from a non-USGS streamflow gage may be utilized:
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1. The gage has been in place for a sufficient number of years (Bulletin 17C
recommends at least 10 years)

2. The gage data is reasonably representative of the average watershed conditions
during the period of record

3. The gage is located at the highway drainage structure
4. The gage is located upstream or downstream at some distance from the highway

The majority of the gage data in New Mexico has been collected by the USGS.  For most of
their active streamflow gage sites and many of their inactive sites, the USGS has computed
flood frequency estimates.  These estimates can be used directly for design if the gage is
located at or near (as defined below) the highway crossing. The current USGS study of peak
stream flows in New Mexico (USGS, Waltemeyer, Scott, D., 2008) includes tabulated flood
frequency estimates for most USGS gage sites in New Mexico.

If the gage data set represents a relatively short period of record, a correction weighting
procedure is recommended. The gage frequency distribution peak flood estimate is weighted
according to the length of record and equivalent years from the USGS regression analysis.
Waltemeyer (USGS, 1996) describes a procedure for improving flood frequency estimates at
gaged sites, using USGS regression equations.  In the event that the USGS gage at the
highway drainage structure was not included in Waltemeyer's study, then a frequency
distribution analysis is necessary. A comprehensive discussion of frequency analysis is beyond
the scope of this manual.  There are several publications which describe the process in great
detail. References for two such publications are provided below:

USGS,  England et al., 2018, “Guidelines for Determining Flood Flow Frequency, Bulletin #17C,
Chapter 5 of Section B, Surface Water, Book 4, Hydrologic Analysis and Interpretation,
Techniques and Methods 4-B5”.
https://pubs.er.usgs.gov/publication/tm4B5

U.S. Army Corps of Engineers, 1993, “Engineering and Design, Hydrologic Frequency
Analysis”.
http://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals/EM_1110-2-
1415.pdf

Typically, a Log-Pearson Type Ill probability distribution is fit to the set of streamflow data. The
use of a partial duration series may be appropriate rather than an annual series depending on
data availability and quality.

When the USGS streamflow gage is located on the same stream but some distance upstream
or downstream of the highway, the gage site can still be used to provide a weighted flood
frequency estimate.  The area weighted correction procedure (USGS, Waltemeyer, Scott, D.,
1996) includes a drainage area ratio adjustment which can be used when the ratio of ungaged
watershed area to gaged watershed area is within the limits 0.5 to 1.5.  The following excerpt
from Waltemeyer explains that process.

406.1 Ungaged Site on a Stream Having a Nearby Gaging Station
This information in this section was obtained from “Analysis of the Magnitude and Frequency of
Peak Discharge and Maximum Observed Peak Discharge in New Mexico and Surrounding
Areas”, Scientific Investigations Report 2008-5119, USGS, Waltemeyer, Scott, D., 2008.
http://pubs.usgs.gov/sir/2008/5119/
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Flood-frequency estimates can be made for ungaged sites upstream or downstream from
gaging stations by using a method developed by Sauer (1974). Using this method, flood-
frequency data at the gaging station is transferred to the ungaged site by using the following
drainage-area ratio adjustment equation:

QT(u) = QT(g) (Au / Ag) x 406-1

(USGS, Waltemeyer, Scott, D., 2008, “Analysis of the Magnitude and Frequency of Peak
Discharge and Maximum Observed Peak Discharge in New Mexico and Surrounding Areas”,
Scientific Investigations Report 2008-5119, Eq. 3, p.11)

where:

QT(u) = weighted flood-frequency estimate at the ungaged site, ft3/s
QT(g) = flood-frequency estimate at the gaging station, ft3/s
Au = drainage area at the ungaged site, square miles
Ag = drainage area at the gaging station, square miles
x = exponent of the drainage area of the applicable regional regression

equation is listed in Table 2 found on pages 9 and 10 of the USGS
document “Analysis of the Magnitude and Frequency of Peak Discharge
and Maximum Observed Peak Discharge in New Mexico and Surrounding
Areas”, by Scott D. Waltemeyer 2008

According to Sauer (1974), the equation is applicable when the drainage-area ratio (Au/Ag), is
between 0.5 and 1.5. For example, to estimate a 50-year peak discharge at an ungaged site in
Region 2 upstream from gaging station Cisco Wash near Cisco, Utah (09163700), the station
value listed in Appendix 1 is 4,670 ft3/s. Note that the weighted value of 5,500 ft3/s was not used
because when using this technique, a regional adjustment is made by using the exponent from
the regional equation. The weighted value is considered the best flood-frequency value, but
when using this technique, a double weight would be made based on the regional flood
information. The drainage area at the gaging station is 90.7 square miles (Appendix 1, USGS,
2008). The 50-year recurrence interval regression equation exponent for the drainage area is
0.308 for Region 2 (Table 2, USGS, 2008). The drainage area at the ungaged site is 75.5
square miles, and when equation 4 (USGS, 2008) is used (equation below), the peak discharge
at the ungaged site is:

Q50u= Q50g Au Ag
x

Q50u = ( 4,670 ) ( 75.5 90.7 )0.308 = 4,410 ft3 s
406-2

(USGS, Waltemeyer, Scott, D., 2008, “Analysis of the Magnitude and Frequency of Peak
Discharge and Maximum Observed Peak Discharge in New Mexico and Surrounding Areas”,
Scientific Investigations Report 2008-5119, Eq. 3, p.12)
http://pubs.usgs.gov/sir/2008/5119/

Note: The USGS has developed a web application called “StreamStats”.  StreamStats
incorporates a Geographic Information System (GIS) to provide users with access to an
assortment of analytical tools that are useful for a variety of water resources planning and
management purposes, and for engineering and design purposes.
https://water.usgs.gov/osw/streamstats/
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407 Statistical Methods in Watersheds without Stream Gage Data
The USGS’s (Waltemeyer, 2008) report titled “Analysis of the Magnitude and Frequency of
Peak Discharge and Maximum Observed Peak Discharge in New Mexico and Surrounding
Areas”, Scientific Investigations Report 2008-5119, was prepared in cooperation with the
NMDOT. The report summarized the analyses and equations developed for estimating peak
discharges for recurrence intervals of 2-, 5-,10-, 25-, 50-, 100- and 500-years at ungaged sites
by use of data collected through 2004 for 293 gaging stations on unregulated streams that have
10 or more years of record.

The regional flood frequency equation values shown in Table 2 of the above-referenced report
list the “Average Standard Error of Estimates” for each of the nine hydrologic regions and for
recurrence intervals of 2-, 5-, 10-, 25-, 50-, 100- and 500-years. Flood magnitude estimates
from the USGS are based on information collected from stream gage data as well as from
estimates of flood magnitude using high water marks and eyewitness accounts when gages
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were damaged or destroyed by the flood. Many records are relatively short compared to the
exceedance frequency projected by the statistics. There are also inherent accuracy problems
with some of the data collected by means other than from a properly functioning gage.  Hence
the estimates produced may differ from those that would have been produced if the records
were long and accurate.

It is important to consider the Standard Error when using USGS regression estimates as it
affects the accuracy of the estimates and, therefore, the reliance that can be placed on the
interpretations drawn from the data.

The USGS states in the above-referenced report: The average Standard Error of prediction,
which includes average sampling error and average Standard Error of regression, ranged from
38 to 93 percent (mean value is 62, and median value is 59) for the 100-year flood. The 1996
investigation Standard Error of prediction for the flood regions ranged from 41 to 96 percent
(mean value is 67, and median value is 68) for the 100-year flood that was analyzed by using
generalized least-squares regression analysis. Overall, the equations based on generalized
least-squares regression techniques are more reliable than those in the 1996 report because of
the increased length of record and improved geographic information system (GIS) method to
determine basin and climatic characteristics.

The Standard Error measure indicates the extent to which a regression estimate is likely to
deviate from the true population and is expressed as a number. The Relative Standard Error
(RSE) is the Standard Error expressed as a fraction of the estimate and is usually displayed as
a percentage. Estimates with a RSE of 25% or greater are subject to high sampling and
regression error and should be used with caution.

The average Standard Error of estimates listed in Table 2 of the above referenced USGS report
all exceed 25% (with some exceeding 100%). Therefore, the use of the USGS regional
regression equations for New Mexico should be limited to:

1. Determination that the peak discharges calculated using one of the three approved
hydrologic peak discharge analyses methods are within reason and supported by the
exercise of judgment, and

2. For very preliminary peak discharge estimation when scoping a project
3. USGS regional regression equations may be used for design when checked against

one of the hydrologic peak discharge analysis methods and approved by the
NMDOT Drainage Engineer

The tabulation of maximum observed peak discharges for sites within each of the nine
hydrologic regions around New Mexico are listed in Appendix 3 of the Waltemeyer 2008 report.
The engineer is encouraged to review that Appendix when performing drainage analyses to gain
further understanding of the hydrologic response of the various regions around the state.  An
excerpt from Appendix 3 is shown below (Figure 407-1) for reference.
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Source: USGS, Waltemeyer, Scott, D., 2008, “Analysis of the Magnitude and Frequency of
Peak Discharge and Maximum Observed Peak Discharge in New Mexico and Surrounding

Areas”, Appendix 3, p. 91.
http://pubs.usgs.gov/sir/2008/5119/

Figure 407-1 USGS Appendix 3 Excerpt

407.1 References

USGS, Waltemeyer, Scott, D., 2008, “Analysis of the Magnitude and Frequency of Peak
Discharge and Maximum Observed Peak Discharge in New Mexico and Surrounding Areas”,
Scientific Investigations Report 2008-5119.
http://pubs.usgs.gov/sir/2008/5119/

408 Risk and Uncertainty in Hydrologic Analysis
Highway drainage structures are designed to safely pass a certain magnitude flood. On most
New Mexico highways, the Design Flood will be the "50-year" frequency flood.  This flood is
theoretically equivalent to the largest flood which will occur at that location on average at least
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once every fifty years.  By designing drainage structures to safely pass relatively rare events,
the risk to users of the highway is reduced to an acceptable level. There is always some
chance, or risk, that a flood will occur which exceeds the design flood used to size a particular
drainage structure. While it might be desirable to design all drainage structures to pass the
largest possible flood, economic realities prevent this option. Instead, a level of protection must
be provided which is both responsible and reasonable.

Design exceptions or variances may be required as a result of budget impacts, right-of-way
limitations, environmental and property impacts, or other constraints. Such variances are only
allowed when all other options have been considered and found to be inadequate.  If deviation
from the criteria and design standards for major drainage structures or systems is necessary, a
risk assessment may be required. If a jurisdiction or organization has more stringent criteria
than the NMDOT criteria, those criteria shall govern the drainage design. Even though the 50-
year flood occurs on average at least once every 50 years, there is some small, but very real
possibility (2% chance) that this flood could occur in any given year. Stated another way, just
because a 50-year flood occurred last year, does not mean that it could not occur again this
year. The probability of a 50-year flood occurring or being exceeded this year and every year is
remains at 2%.

In order to better quantify the risk associated with a certain design frequency the following
example is provided:

Consider a drainage structure capable of passing the 100-year frequency event with a structural
design life of 50-years. What is the probability or risk, that the structure will see a 100-year flood
(or greater) during its design life? The logical answer might be 1 chance in 2, or 50%.   However
statistical analyses show that the risk is lower, actually at 39.5%.  Statistically, the concept of
risk is described by a binomial distribution

USGS,  England et al., 2018, “Guidelines for Determining Flood Flow Frequency, Bulletin #17C,
Chapter 5 of Section B, Surface Water, Book 4, Hydrologic Analysis and Interpretation,
Techniques and Methods 4-B5”.
https://pubs.er.usgs.gov/publication/tm4B5

Equation 408-1 describes this statistical relationship.

R = 1 - 1 -
1
Tr

m

x 100 408-1

where:

R = the risk of design discharge being exceeded at least once during the
design life, percent

Tr = the recurrence interval or frequency of the design flood, years
m = the design life of the structure, years

R = 1 - 1 - 1
100

50
x 100 = 39.5% for the example above.
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Assuming that the structure is designed for the 50-year flood and has a design life of 50 years,
then Equation 408-1 predicts that the structure’s capacity has a 63.6% chance of being
equaled or exceeded during the structure's design life.

R = 1 - 1 - 1
50

50
x 100 = 63.6%

Table 408-1 lists computed values of risk for a range of structure design lives.

Table 408-1 Tabulation of Risk of at Least One Exceedance during the Design Life

Design Life - Years
Recurrence

Interval 2 5 10 25 50 100

2 75.0% 97.0% 100.0% 100.0% 100.0% 100.0%
5 36.0% 67.0% 89.0% 100.0% 100.0% 100.0%

10 19.0% 41.0% 65.0% 93.0% 99.0% 100.0%
25 8.0% 18.0% 34.0% 64.0% 87.0% 98.0%
50 4.0% 10.0% 18.0% 40.0% 64.0% 87.0%
100 2.0% 5.0% 10.0% 22.0% 39.0% 63.0%
500 0.4% 1.0% 2.0% 5.0% 10.0% 18.0%

1000 0.2% 0.5% 1.0% 2.0% 5.0% 10.0%

Another way of looking at the concept of risk is to define an acceptable level of risk and then
compute the design flood which would have to be accommodated by the drainage structure to
satisfy that level of risk. Equation 408-1 can be rearranged to solve for the required return
period, yielding Equation 408-2.

Tr =
1

1 - 1 - R
100

1 / m 408-2

Assume that a 10% level of risk is desirable, or stated another way, there is a 90% confidence
level that the structure is adequate. Then Equation 408-2 predicts that the structure with the
design life of 50 years must be capable of passing the 475-year flood.

Tr =
1

1 - 1 - 10
100

1
50

= 475 years

It becomes apparent that risk cannot be completely eliminated, but may be reduced to a level
acceptable to society. Even if there were unlimited funds to build drainage structures, the ability
to accurately calculate the magnitude of flood events decreases as the design flood magnitude
increases.  All of the current flood prediction methods, whether analytical or parametric, are
based on observed flood flows from watersheds with measured response characteristics, and
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occasionally rain gage data.  The effective period of recorded data in New Mexico reaches 100
years in only a few locations. Thus, the prediction of a 475-year flood is done by extrapolating
the data, since the desired flood has only a small chance of being included in the data set. The
uncertainty in predicted flood flows increases as the return period lengthens.

The accuracy of predicted flood magnitudes up to the 100-year event is, while not perfect,
certainly much better.  For the analytic methods presented in this manual, risk takes the form of
uncertainty in the input parameters. A drainage area can be measured by multiple engineers
and the answers from each, should all be within two or three percent.  Use of a consistent
method to compute Tc reduces variability in the estimation of Tc.  However, the selection of a
Rational Formula Method Runoff Coefficient "C", or a NRCS Runoff Curve Number “CN”
involves considerable judgement. Even meticulous measurement of watershed areas, land
uses, and Hydrologic Soil Groups may not accurately describe the response of the watershed
for every storm.  There is some inherent variability of the data, and of its interpretation, leading
to uncertainty in the selection of the correct “C” or “CN”. This uncertainty cannot be universally
quantified, and thus becomes part of the overall risk and uncertainty in predicting peak flood
magnitudes.

With the analytic methods in this manual, one approach to qualitatively assess the risk is to
perform a sensitivity analysis. This is done by varying a particular input parameter across its
range of reasonable values and comparing the resulting range of predicted peak flows. The
most sensitive analytic parameter in larger watersheds will probably be the “C” or “CN”. Use the
“C” or “CN” value obtained by normal design methods to compute a peak flow, as well as the
lowest and highest “C” or “CN” values which could occur in the watershed.  (Note: In small
watersheds, Tc can be the most sensitive input value, but the process is the same.)

The resulting three computed peak flow values provide an estimate of the range of most
probable peak flood flows. This is not a precise computed range of risk, but it does help to
bracket the most likely peak flow value. The middle peak flood flow value will often be used to
size the structure, while the upper limit peak flood flow can be used to assess the "worst case"
headwater or overtopping condition.  If the risk and consequences of an overtopping or
significant backwater are unacceptably adverse to the roadway or nearby property, consider an
alternate design.

408.1 Reference

USGS,  England, J.F., Jr., Cohn, T.A., Faber, B.A., Stedinger, J.R., Thomas, W.O. Jr., Veilleux,
A.G., Kiang, J.E., Mason, R.R., Jr., 2018, “Guidelines for Determining Flood Flow Frequency,
Bulletin #17C, Chapter 5 of Section B, Surface Water, Book 4, Hydrologic Analysis and
Interpretation, Techniques and Methods 4-B5”.
https://pubs.er.usgs.gov/publication/tm4B5
https://water.usgs.gov/osw/bulletin17b/dl_flow.pdf
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PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.149
(0.128‑0.175)

0.192
(0.165‑0.224)

0.258
(0.223‑0.301)

0.313
(0.269‑0.365)

0.392
(0.333‑0.457)

0.457
(0.385‑0.532)

0.527
(0.439‑0.614)

0.602
(0.495‑0.703)

0.710
(0.571‑0.832)

0.799
(0.633‑0.941)

10-min 0.227
(0.196‑0.265)

0.292
(0.251‑0.341)

0.393
(0.338‑0.458)

0.476
(0.409‑0.556)

0.596
(0.507‑0.695)

0.696
(0.586‑0.809)

0.801
(0.668‑0.934)

0.917
(0.754‑1.07)

1.08
(0.869‑1.27)

1.22
(0.964‑1.43)

15-min 0.281
(0.242‑0.329)

0.362
(0.311‑0.423)

0.487
(0.420‑0.568)

0.590
(0.507‑0.689)

0.739
(0.629‑0.861)

0.862
(0.726‑1.00)

0.993
(0.828‑1.16)

1.14
(0.934‑1.33)

1.34
(1.08‑1.57)

1.51
(1.20‑1.78)

30-min 0.379
(0.326‑0.443)

0.488
(0.419‑0.569)

0.656
(0.565‑0.765)

0.795
(0.683‑0.928)

0.995
(0.846‑1.16)

1.16
(0.977‑1.35)

1.34
(1.11‑1.56)

1.53
(1.26‑1.79)

1.80
(1.45‑2.11)

2.03
(1.61‑2.39)

60-min 0.469
(0.403‑0.548)

0.604
(0.519‑0.704)

0.812
(0.699‑0.946)

0.984
(0.845‑1.15)

1.23
(1.05‑1.44)

1.44
(1.21‑1.67)

1.66
(1.38‑1.93)

1.89
(1.56‑2.21)

2.23
(1.80‑2.62)

2.51
(1.99‑2.96)

2-hr 0.537
(0.469‑0.623)

0.683
(0.596‑0.792)

0.906
(0.792‑1.05)

1.09
(0.952‑1.26)

1.37
(1.18‑1.58)

1.59
(1.36‑1.84)

1.84
(1.55‑2.12)

2.11
(1.74‑2.44)

2.50
(2.03‑2.91)

2.83
(2.25‑3.30)

3-hr 0.581
(0.515‑0.664)

0.733
(0.647‑0.837)

0.951
(0.842‑1.09)

1.13
(0.997‑1.29)

1.40
(1.22‑1.59)

1.62
(1.40‑1.85)

1.86
(1.58‑2.14)

2.12
(1.78‑2.46)

2.51
(2.06‑2.94)

2.86
(2.28‑3.34)

6-hr 0.697
(0.629‑0.782)

0.866
(0.781‑0.973)

1.09
(0.982‑1.23)

1.28
(1.15‑1.44)

1.56
(1.39‑1.75)

1.79
(1.58‑2.01)

2.03
(1.77‑2.28)

2.30
(1.97‑2.58)

2.68
(2.24‑3.04)

3.00
(2.46‑3.42)

12-hr 0.822
(0.744‑0.911)

1.02
(0.925‑1.13)

1.27
(1.15‑1.40)

1.46
(1.32‑1.62)

1.74
(1.56‑1.91)

1.95
(1.74‑2.15)

2.17
(1.92‑2.40)

2.40
(2.10‑2.67)

2.72
(2.34‑3.05)

3.01
(2.55‑3.45)

24-hr 0.904
(0.825‑0.992)

1.14
(1.03‑1.24)

1.43
(1.31‑1.57)

1.68
(1.52‑1.83)

2.02
(1.82‑2.20)

2.28
(2.05‑2.49)

2.56
(2.29‑2.79)

2.85
(2.54‑3.12)

3.25
(2.86‑3.57)

3.57
(3.11‑3.93)

2-day 1.05
(0.960‑1.15)

1.32
(1.20‑1.44)

1.65
(1.51‑1.80)

1.91
(1.75‑2.09)

2.28
(2.07‑2.48)

2.57
(2.32‑2.79)

2.86
(2.57‑3.12)

3.17
(2.83‑3.46)

3.58
(3.17‑3.92)

3.91
(3.43‑4.29)

3-day 1.13
(1.04‑1.23)

1.41
(1.30‑1.54)

1.76
(1.62‑1.92)

2.04
(1.87‑2.22)

2.42
(2.21‑2.64)

2.72
(2.47‑2.96)

3.02
(2.73‑3.29)

3.33
(2.99‑3.63)

3.75
(3.33‑4.11)

4.08
(3.60‑4.48)

4-day 1.21
(1.11‑1.32)

1.51
(1.39‑1.65)

1.88
(1.72‑2.04)

2.17
(1.99‑2.36)

2.56
(2.34‑2.79)

2.87
(2.61‑3.12)

3.18
(2.88‑3.47)

3.49
(3.14‑3.81)

3.92
(3.50‑4.29)

4.25
(3.76‑4.66)

7-day 1.38
(1.26‑1.50)

1.72
(1.57‑1.87)

2.13
(1.95‑2.31)

2.45
(2.24‑2.66)

2.88
(2.63‑3.12)

3.21
(2.91‑3.48)

3.54
(3.20‑3.84)

3.87
(3.48‑4.21)

4.30
(3.84‑4.69)

4.64
(4.11‑5.06)

10-day 1.55
(1.43‑1.69)

1.94
(1.78‑2.11)

2.40
(2.20‑2.61)

2.76
(2.53‑3.00)

3.23
(2.95‑3.51)

3.58
(3.27‑3.90)

3.94
(3.58‑4.29)

4.29
(3.89‑4.68)

4.75
(4.28‑5.20)

5.09
(4.55‑5.59)

20-day 2.00
(1.83‑2.19)

2.50
(2.28‑2.73)

3.09
(2.81‑3.37)

3.55
(3.23‑3.88)

4.16
(3.78‑4.54)

4.62
(4.18‑5.05)

5.08
(4.58‑5.56)

5.54
(4.97‑6.07)

6.14
(5.48‑6.75)

6.60
(5.85‑7.27)

30-day 2.37
(2.17‑2.59)

2.95
(2.70‑3.23)

3.63
(3.32‑3.98)

4.15
(3.79‑4.54)

4.83
(4.39‑5.28)

5.32
(4.83‑5.82)

5.81
(5.24‑6.37)

6.30
(5.66‑6.91)

6.91
(6.17‑7.60)

7.37
(6.55‑8.13)

45-day 2.84
(2.61‑3.09)

3.54
(3.26‑3.86)

4.35
(4.00‑4.74)

4.96
(4.55‑5.40)

5.74
(5.25‑6.25)

6.31
(5.74‑6.87)

6.86
(6.22‑7.48)

7.40
(6.68‑8.08)

8.08
(7.25‑8.85)

8.57
(7.66‑9.41)

60-day 3.26
(2.98‑3.56)

4.07
(3.72‑4.45)

4.97
(4.54‑5.45)

5.65
(5.15‑6.18)

6.51
(5.92‑7.12)

7.12
(6.47‑7.79)

7.72
(6.99‑8.45)

8.29
(7.48‑9.08)

9.01
(8.09‑9.90)

9.52
(8.52‑10.5)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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1.0 INTRODUCTION 
Basin Disposal, Inc. (BDI) is an existing Surface Waste Management Facility (SWMF) providing oil 

field waste liquids (OFWL) disposal services.  The existing BDI facility is subject to regulation under 

the New Mexico Oil and Gas Rules, specifically 19.15.36 NMAC, administered by the Oil 

Conservation Division (OCD) of the NM Energy, Minerals, and Natural Resources Department 

(NMEMNRD).  This document is a component of the “Application for Permit Renewal” that proposes 

continued operations of the existing approved waste processing and disposal capabilities.  The 

Facility is designed in compliance with 19.15.36 NMAC, and is operated in compliance with a 

Surface Waste Management Facility Permit issued by the OCD.  The Facility is owned and operated 

by, Basin Disposal Inc. 

 
BDI only accepts liquid waste from the production and exploration of oil fields in northwest New 

Mexico and the surrounding areas.  The existing facility is organized in a pattern that allows for 

specific liquid waste acceptance, treatment, evaporation, or injection of clean liquid. 

 
1.1  Site Location 
BDI is located in unincorporated San Juan County on 27.77 acres entirely within Section 3, Township 

29 North, Range 11 West approximately 3 miles north of the intersection of Highway 550 and 64 

(Figure II.1.1). Coordinates for the approximate center of the BDI site are Latitude 36°45’19.92” 

and Longitude -107°58’58.73”. The site is situated approximately 4 miles north of the San Juan 

River, and about 4.7 miles south of the Animas River on Crouch Mesa, about 500 feet and 400 feet 

in elevation above these respective river plains. The site occupies the West Fork of Bloomfield 

Canyon, an ephemeral drainage channel that drains south to the San Juan River. The site slopes 

gently to the east and southeast, from a maximum elevation of 5,750 feet to less than 5,700 feet.  

Detailed site characterization documentation is provided in Volume IV.  
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1.2 Facility Description 
The existing BDI facility is comprised of 27.77 acres and is comprised of the following: 

• 2 existing evaporation ponds (1 pending 
construction) 

• 12 existing receiving tanks (6 pending 
construction) 

• 4 existing oily water receiving tanks 
• 3 existing skimmed oil tanks  
• 3 existing oil heating tanks 
• 3 existing settling tanks 
• 7 existing oil sales tanks (2 pending 

construction) 
• 3 existing filtered water tanks 

• 4 existing bleach tanks 
• 1 existing concrete sludge 

solidification basin 
• 2 existing covered below grade tanks 

(containment sumps) 
• 1 existing UIC Class II injection well 

for disposal of produced water 
• 2 existing separation tanks 
• Various support facilities including an 

office, a maintenance building, roads, 
and a storm water detention basin.  

 
Oil field wastes are delivered to the BDI SWMF from oil and gas exploration and production operations 

in northwestern New Mexico and southwest Colorado. The Site Plan provided as Figure II.1.2 identify 

the locations of the Disposal facilities, evaporation/storage ponds, and all structures. Perimeter of the 

site is surrounded by commercial/industrial businesses on three sides and buffered by a bluff on the 

west side of the Facility. 

 
 
2.0 DESIGN CRITERIA 
The purpose of the Wave Action Calculations presented herein is to provide the wave height and 

run-up for the evaporation ponds for the Basin Disposal Processing Area.  The Basin Disposal 

Processing Area is designed to include 3 evaporation ponds, approximately 420 feet (ft) in length 

and 200 ft in width, each with a capacity of approximately 9.5 acre-ft.  These calculations assume 

a pond length of 420 ft and a conservative wind speed of 75 miles per hour (mph).  Wave height 

and run-up must be less than the 3.5 ft of freeboard provided in the pond design.  The 

methodology applied for determining wave height and run-up in reservoirs for the Wave Action 

Calculations is provided in two documents, Low Cost Shore Protection:  A Guide for Engineers 

and Contractors (U.S. Army Corps of Engineers 2004; (Attachment III.5.A); and Water-

Resources Engineering (Linsley & Franzini 1979; Attachment III.5.B). 
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3.0 CALCULATION 
The fastest mile wind speed for a 25-year return period was obtained from Figure 16, Attachment 
III.5.A. The fastest mile wind speed is approximately 75 mph for the Basin Disposal site vicinity. 

 
Wave height in a pond is estimated using the following equation (i.e., page 166, Equation 7-4, 

Attachment III.5.B): 
 

Zw = 0.034 (Vw)1.06 F0.47 
 

Where: 
Zw = height of wave (feet) 
Vw = wind speed (mph) = 75 mph 
F = fetch length (miles) = 420 feet/5,280 feet/mile = 0.080 miles 

 
Therefore: 
 

Zw = 0.034 (75 mph)1.06 (0.080 miles)0.47 
 

Zw = 0.034 (97.2) (0.30) 
 

Zw = 0.99 feet = height of wave in pond due to a 75 mph wind 
 
The height of wave runup for a smooth (i.e., HDPE liner) surface can be obtained from Table 11, 

Attachment III.5.A. On Table 11, R = 1.75H for a 2.5H:1V smooth slope and R = 1.50H for a 

4.0H:1V smooth slope. Interpolating between these two values a value of R = 1.68H is obtained 

for a 3.0H:1V smooth slope.  Therefore: 

 
Wave Runup = 1.68H = 1.68 (0.99 feet) = 1.66 feet for a 3H:1V smooth sideslope. 

 

Total: Wave height + Wave run-up = 0.99 feet + 1.66 feet = 2.65 feet 
 
 
4.0 SUMMARY 
When considering a conservative 75 mph wind across the length of the pond, a wave height of 

0.99 ft is calculated. This wave will run-up approximately 1.66 ft up the sideslope of the pond. The 

ponds have been designed with a minimum freeboard of 3.5 ft which will provide adequate 

protection against the combined potential impact of waves, wave run-up, and simultaneous rainfall 

event (i.e., 25-year, 24-hour rainfall = 4.48”) with a sufficient Factor of Safety (FS) of over 0.5 ft.  

In addition, the berm to be constructed around the entire pond area is lined to an additional height 

of at least 10 ft, providing additional potential drift protection (see Permit Plans, Volume III.1) 
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ATTACHMENT III.5.A 
LOW COST SHORE PROTECTION:  A GUIDE FOR ENGINEERS AND CONTRACTORS 

(U.S. ARMY CORPS OF ENGINEERS 2004)  



LOW COST SHORE PROTECTION 
 
 
 
 
 

... a Guide for Engineers and Contractors 
 
 

WARNING!  Efforts were made to duplicate the original paper document 
(published more than 20 years ago) as closely as possible.  Formulas and/or 
text may have been omitted or confused during the electronic conversion 
process.   
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Structure Height 
 

Waves breaking against an inclined structure will run up to an elevation higher than the Stillwater 
level depending on the roughness of the structure.  Smooth concrete surfaces experience higher runup 
than rough stone slopes.  Vertical structures also cause splashing and can experience overtopping.  If 
possible, the structure should be built high enough to preclude severe overtopping.  White spray does 
little damage, but solid jets of "green" water should be avoided.  The required height of the structure will 
depend on the computed runup height based on the wave and structure characteristics.  Detailed guidance 
is presented in Stoa (1978) and (1979).  The runup height, R, can be found by a more approximate 
method as given below. 
 

First, find the wavelength at the structure by using either Figure 26 or Equation (3) with the known 
depth at the structure and the design wave period.  The definition sketch for runup is shown on Figure 27.  
For SMOOTH impermeable slopes, the runup, R, is given in Seelig (1980) by, 
 
 
R=HC1 (0.12L/H)^(C2 (H/ds)0.5 + C3) 
  
where: L = the local wavelength from Figure 26 or Eq. (3), 
 ds = the depth at the structure (feet), 
  the approaching wave height (feet), and 
C1, C2, C3             = coefficients given below. 
  
 
 
 
Structure Slope *           C1               C2                   C3 
 
 Vertical 0.96 0.23 +0.06 
 1 on 1.0 1.47 0.35 -0.11 
 1 on 1.5 1.99 0.50 -0.19 
 1 on 2.25 1.81 0.47 -0.08 
 1 on 3.0 1.37 0.51 +0.04 

*Interpolate linearly between these values for other slopes. 

For ROUGH slopes, Seelig (1980) gives the runup as, 

 
R = (0.69ξ/1+0.5ξ)H             (14) 

 
ξ = tan θ/(H/Lo)0.5       (15) 

 
Lo = 5.12 T2          (16) 

 
    θ = structure of the slope (e. g., tan θ = 0.25 for a slope of 1V on 4H 
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For STEPPED slopes, Stoa (1979) recommends using 70 to 75 percent of the smooth slope runup 

if the risers are vertical, and 86 percent if the edges are rounded. 
 
 A rough approximation of the runup height can be obtained from Table 11.  However, the values in 
the table tend to represent the upper bound of the available data and may result in over design.  Equations 
(13) and (14) or the methods given in Stoa (1978) and (1979) are recommended. 
 

If it is impossible or undesirable to build a structure to the recommended height, a splash apron 
should be provided at the top of the structure.  These are generally constructed of rock and they prevent 
the ground at the top from being eroded and undermining that portion of the structure. 
 
Environmental Factors 
 

Many different materials can be used to construct shore protection structures, including rock, 
concrete, timber, metal and plastics.  The choice often depends on the desired permanence of the 
protection.  Durable materials usually cost considerably more than shorter-lived materials used for 
temporary protection.  The choice of materials is important because the coastal environment is a harsh 
testing ground for all man-made structures.  Aside from wave forces, which are formidable in and of 
themselves, a host of chemical, biological and other factors can degrade structural 
materials.  A brief review of these follows. 
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RESERVOIRS 165

by ordinary earth-moving methods would be expensive unless the excavated sedi
ment has some sales value.

7-9 waves in reservoirs Earth dams must have sufficient freeboard
above maximum pool level so that waves cannot wash over the top of the dam.
Waves in reservoirs may also damage shoreline structures and embankments
adjacent to the water and interfere with navigation. Part of the design of any "
reservoir is an estimate of wind setup and wave height.

Wind setup is the tilting of the reservoir water surface caused by the move
ment of the surface water toward the leeward shore under the action of the wind.
This current of surface water is a result of tangential stresses between the wind and
the water and of differences in atmospheric pressure over the reservoir. The latter,
however, is, typically, a smaller effect. As a consequence of wind setup, the reser
voir water surface is above normal still-water level on the leeward side and below
the still';'water level on the windward side. This results in hydrostatic unbalance,
and a return flow at some depth must occur. The water-surface slope which results
is that necessary to sustain the return flow under conditions of bottom roughness
and cross-sectional area of flow which exist. Wind setup is generally larger in
shallow reservoirs with rough bottoms.

Wind setup may be estimated from

(7-3)

where Zs is the rise in feet (meters) above still-water level, Vw is the wind speed in
miles (kilometers) per hour, F is thefetch or length of water surface over which the
wind blows in miles (kilometers), and d is the average depth of the lake along the
fetch in feet (meters). In SI metric units, the constant in the denominator becomes
63,200.

Equation (7-3) is modified! from the original equation developed by Dutch
engineers on the Zuider Zee. Additional information and techniques are given in
other references. 2 Wind-setup effects may be transferred around bends in a reser
voir and the value of F used may be somewhat longer than the straight-line fetch.

When wind begins to blow over a smooth surface, small waves, caned capil
lary waves, appear in response to the turbulent eddies in the wind stream. These
waves grow in size and length as a result of the continuing push of the wind on the
back of the waves and of the shearing or itangential force between the wind and the
water. As the waves grow in size and length, their speed increases until they move
at speeds approaching the speed of the wind. Because growth of a wave depends in
part upon the difference between wind speed and wave speed, the growth rate
approaches zero as the wave speed approaches the wind speed.

1 T. Saville, Jr., E. W. McClendon, and A. L. Cochran, Freeboard Allowances for Waves in Inland
Reservoirs, J. Waterways and Harbors Div., ASCE, pp. 93-124, May, 1962.

2 Shore Protection, Planning and Design, Tech. Rept. 3, 3d ed., U.S. Army Coastal Engineering
Research Center, June, 1966.
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The duration of the wind and the time and direction from which it blows are
important factors in the ultimate height of a wave. The variability of the wind and
the amazingly complex and yet to be funy understood response of the water
surface to the wind lead to a wave pattern that is a superposition of many waves.
The pattern is often described by its energy distribution or spectrum. The growth
of wind waves as a function of fetch, wind speed, and duration can be calculated
from knowledge of the mechanism of wave generation and use of collected empiri
cal results. 1 The duration of the wind and the fetch play an important role because
a wave may not reach its ultimate height if the wave passes out of the region of
high wind or strikes a shore during the growth process. The depth of water also
plays a key role, tending to yield smaller and shorter waves in deep water.

Wave-height data gathered at two major reservoirs 2 confirm the theoretical
and experimental data for ocean waves if a modified value of fetch is used. The
derived equation is

Zw = O.034V~·06F°.47 (7-4)

1 W. J. Pierson, Jr., and R. W. James, Practical Methods for Observing and Forecasting Ocean
Waves, U.S. Navy Hydrographic Office Pub. 603, 1955 (reprinted 1960).

2 T. Saville, Jr., E. W. McClendon, and A. L. Cochran, Freeboard Allowances for Waves in Inland
Reservoirs, J. Waterways and Harbors Div., ASCE, pp. 93-124, May, 1962.
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() cos () Xi Xi cos

42 0.743 5.1 3.79

~tjWind direction

36 0.809 5.5 4.45
30 0.866 7.8 6.75

24 0.914 9.0 8.23

J 18 0.951 14.2 13.50

·25./)
12 0.978 13.8 13.50

6 0.99:;· 16.7 16.62

0 1.000 24.7 24.70

/
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30 0.866 3.3 2.86
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Total 13.512
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= 155.46 X 103= 11 510 ft

13.512 '

=2.18mi
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Scale, thousands of feet

ligure 7-15 Computation of effective fetch. (Modified from Saville, McClendon, and Cochran)

vhere Zw is the average height in feet (meters) of the highest one-third of the waves
lnd is called the significant wave height,Vw is the wind velocity in miles (kil
lmeters) per hour about 25 ft (7.6 m) above the water surface, and F is the fetch in
niles (kilometers). In SI metric units the coefficient becomes 0.005. The equation
s shown graphically in Fig. 7-141 together with lines showing the minimum dura
ion of wind required to develop the indicated wave height. Figure 7-15 shows the
nethod of computing the effective fetch for a narrow reservoir.

Since the design must be made before the reservoir is complete, wind data
lver land must generally be used. Table 7-2 gives ratios of wind speed over land to
hose over water and may be used to correct observed wind to reservoir condi
ions. Waves are critical only when the reservoir is near maximum levels. Thus in
electing the critical wind speed for reservoirs subject to seasonal fluctuations,

1 A graph for the solution of Eq. (7-4) in 81 metric units is given in Appendix B-l.
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7-2 JL,....n1..I..."\1t..li'-~'...~.>.:>I(;:'!~hlU~nV between over
Saville, McClendon, Cochran)

over water. (After

Fetch, mi (km) 0.5 (0.8) 1 (1.6) 2 (3.2) 4 (6.5) 6 (9.7) 8 (12.9)

Vwater / ~and 1.08 1.13 1.21 1.28 1.31 1.31

only winds which can occur during the season of maximum pool levels should be
considered. The direction of the wind and the adopted fetch must also be the same.

The height of the significant wave is exceeded about 13 percent of the time. If a
more conservative design is indicated, a higher wave height may be chosen. Table
7,~3 gives ratios of z'/zw for waves of lower exceedance.

When a wave strikes a land slope, it will run up the slope to a height above its
open-water height. The amount of run-up depends on the surface. Figure 7-16
shows the results of small-scale experiments 1 on smooth slopes and rubble
mounds. Height of run-up Zr is shown as a ratio zr/zw and is dependent on the
ratio of wave height to wavelength (wave steepness). Wavelength Afor deep-water
waves may be computed from

A = 5.12t; ft or A = 1.56t; m (7-5)

where the wave period tw is given by

tw= 0.46~.44Fo.28 (7-6)

For shallow-water waves other length relations are appropriate.2 In metric units
the coefficient of Eq. (7-6) becomes 0.32. The curves for rubble mounds represent
extremely permeable construction, and for more typical riprap on earth embank
ments the run-up may be somewhat higher, depending on both the permeability
and the relative smoothness of the surface.

7-10 Reservoir clearance The removal of trees and brush from a reservoir site is
an expensive operation and is often difficult to justify on an economic basis. The

1 T. Saville, Jr., Wave Run-up on Shore Structures, Trans.• ASCE, Vol. 123, pp. 139-158, 1958;
R. Y. Hudson, Laboratory Investigation of Rubble-mound Breakwaters, Trans. ASCE, Vol. 126, Part
IV, pp. 492-541, 1962.

2 Shore Protection, Planning and Design, Tech. Rept. 3, 3d ed., U.S. Army Coastal Engineering
Research Center, June, 1966.

i-3 Percentage waves exceeding various wave 11.11"'ll,,,,"".11''''''''' greater than
Saville, CLlcnOlon, and Cochran)

z'/zw 1.67 lAO 1.27 1.12 1.07 1.02 1.00
Percentage of waves> z' 004 2 4 8 10 12 13
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Figure 7-16 Wave run-up ratios versus wave steepness and embankment slopes. (From Saville,
McClendon, and Cochran)

main disadvantages resulting from leaving the vegetation in the reservoir are the
Jossibilities that (1) trees will eventually float and create a debris problem at
:he dam, (2) decay of organic material may create undesirable odors or tastes in
;vater-supply reservoirs, and (3) trees projecting above the water surface may
;reate an undesirable appearance and restrict the use of the reservoir for
~ecreation.

Frequently all timber which would project above the water surface at mini
num pool level is removed. This overcomes most of the problems cited above at
lome savings over the cost of complete clearance.

Reservoir leakage Most reservoir banks are permeable, but the permeability
s so low that leakage is of no importance. If the walls of the reservoir are of badly
ractured rock, permeable volcanic material, or cavernous limestone, serious leak
1ge may occur. This leakage may result not only in a loss of water but also in
iamage to property where the water returns to the surface. If leakage occurs
:hrough a few well-defined channels or within a small area of fractured rock, it
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