User Notes For Fire Hydrology Version 1.3

The spreadsheet for Fire Hydrology Version 1.3 was set up on Excel.  It is based on Engineering Field Manual Chapter 2 (EFM-2). This is a simplified rainfall-runoff hydrology prediction program.  It’s intended use is for NRCS engineers and technicians with hydrology experience to be able to quickly analyze the hydrology of watersheds that have recently experienced a fire and are being considered for inclusion in the Emergency Watershed Protection Program (EWP).  The results of the hydrologic analysis provided by this spreadsheet can serve as support documentation for the Damage Survey Reports that must precede any EWP treatment activities.

The spreadsheet has been structured to examine four different scenarios.  The “pre-fire” condition is included to have a basis for comparison of all others.  The EWP program intent is to provide protection from damage only up to the level that existed before the catastrophic event.  Three “post-fire” scenarios are then examined.  The first involves the hydrologic impact of the soil hydrophobicity that is believed to have taken place.  Hydrophobic soils are somewhat described in the spreadsheet text.  In brief, these soils are formed in more moderately coarse soils that have a deep plant litter mat and experience a severe burn.  The resulting “waxy gas” that is created then permeates and coats the upper soil layer making it water repellent.  Runoff rates and volumes from these previously absorptive soils can become extremely high once they have become hydrophobic.  The engineer/technician must make his/her best estimate as to how much and to what degree hydrophobicity has occurred after the fire.  One rule of thumb arrived at in the state office is give all hydrophobic soils a runoff curve number (RCN) of 94.  It is important to consider the window of time to which hydrophobic conditions are expected to occur.

Hydrophobicity in the soils tends to breakdown over time as the soil surface is disrupted either through plant growth activity or water action (freeze/thaw or dew and desiccation).   The second “post fire” scenario to be examined is one in which the hydrophobicity has ceased but little plant growth has taken place where the most severe burns were.  In essence, these areas are treated as bare soil areas whose RCN is less than that for hydrophobic yet higher than that for the pre-fire vegetated condition.  More moderately burned areas and those that had low intensity fires on them could be expected to rebound quicker and therefor those areas should have lower RCN’s applied to them at this stage.

The third and final “post-fire” scenario examined by this spreadsheet is for that period in time after the re-growth has had one decent growing season to establish but before the area matures back to what is was before the fire.  Successional plant cover and its appropriate RCN should be accounted for in this stage.  

The 2, 5, and 10 year peak discharge is analyzed for each of the above listed scenarios.  The 2-year peak discharges can be assumed to occur at any point since they have a 50/50 chance of being exceeded in any given year.  This discharge can be considered to be close to the “channel forming flow”.

The 5-year peak discharges would serve as a typical low hazard maximum design parameter since the re-vegetation of the area could be expected to be well under way by then.  The 10-year peak discharges could serve in a more moderate hazard situation (not loss of life).  Contact the State Conservation Engineer if high hazard conditions are believed to exist.

This spreadsheet is intended for use in EWP situations when time is of the essence.  There were some assumptions made during its development that may not fit a watershed as close as a more detailed study would.  The two most prominent assumptions include a typical watershed shape and a time of concentration (tc) for “post-fire” events, which equals that of the “pre-fire”.  The assumed watershed shape was that of a rectangle, two units long by one unit wide.  The tc flow path was taken as the longitudinal line down the center with a bend toward a corner at the upper third.  The “post-fire” tc was assumed to stay equal to the “pre-fire” tc even though the reduction in plant cover  (therefor reduced flow friction leading to higher flow velocities) after the fire would logically allow for a faster tc to develop.  The assumption here though was that the excessive amount of available debris after the fire would cause blockages in the flowpath, a kind of debris dam, which would serve to attenuate the flows.  The degree of flow attenuation after the fire may vary tremendously from one area to another or one watershed to another but it was felt that a reasonable estimate was to maintain post tc‘s equal to that of the pre-fire condition.

The user is cautioned to only input data into the lavender (for landowner/county) and yellow (for hydrology parameters) colored cells in the spreadsheet.  The spreadsheet has been “protected” against accidental data entry in the wrong cells.  It is recommended that the user start with the “Blank” version of the spreadsheet and Save-As whatever filename best applies to the job.  That way there is no chance for old data from a previous job to be carelessly incorporated into the current job.  The user is urged to read the User Notes on page 1 of the spreadsheet prior to beginning their analysis.

The experience of analyzing watersheds affected by the Bitterroot wildfires of 2000 has yielded the following assumptions for appropriate RCN assignment:


For High Severity Burn Areas*- 
HSG A soils = RCN 64







HSG B soils = RCN 78







HSG C soils = RCN 85







HSG D soils = RCN 88


For Moderate Severity Burn Areas-Use Cover Type in FAIR Condition

For Low and Unburned Areas- 
Use Cover Type in GOOD Condition for North & East facing slopes

Use Cover Type between FAIR & GOOD for South & West facing slopes

* High Severity Burn Areas were assumed to have attained a minimum of 30% ground cover consisting of vegetation, duff, thick ash, or woody debris by June of the following year.

The Bitterroot wildfires encompassed largely wooded tracts (predominantly Douglas Fir and Ponderosa Pine at the lower elevations with large stands of Lodgepole Pine at the higher elevations, mostly on National Forest land) that would be considered in good condition prior to the fire.  RCN’s after the fire would be expected to be higher than the above referenced figures in more open settings.

Another experience gained from the Bitterroot EWP effort was in the topic of assigning hydrophobic soils properties to the effective RCN.  Significant field reconnaissance, largely by Forest Service personnel, was dedicated to evaluating the water-repellent properties of the soils in the fire-affected watersheds.  Certain conditions yielded estimated 50-70% water-repellent tendencies in high severity burn areas.  Similar tests in adjacent unburned areas often yielded 40-60% water repellency.  It is thought that the drought that was prevalent throughout the area in the summer of 2000 created a “tightening effect” of drought affected soils, which would create water-repelling properties within the soil.  Since the burned and unburned water repelling rates seemed so similar it was determined that the fire had not induced a significant increase in hydrophobicity and that any added runoff effect should not be attributed to the weighted watershed RCN’s.  The resulting runoff from rainfall events subsequent to the fire did not display any tendencies towards large hydophobicty induced increases above pre-fire conditions as would be expected if indeed the soil hydrophobicity was actually a major factor in the post-fire hydrology.

Jim Suit, the State Conservation Engineer, issued guidance letters relating to the selection of recurrence interval design storms to be used for the statewide EWP effort.  Low hazard scenarios were to be designed for non-damaging passage of flows of the 25 year pre-fire peak discharge or post-fire 10 year peak, whichever was greater.  High hazard scenarios were to be dealt with on a case by case basis in consultation with Jim.  

It should be pointed out that sound hydrologic judgement is called for in utilizing this tool.  It is based on the NRCS runoff equation.  It is subject to all of the assumptions pertaining to that method.  The selection of appropriate (and likely weighted) RCN should be done utilizing the best information available.  The predicted peak discharges from this model are quite sensitive to the RCN used.  The decision upon whether to weight the various RCN attributed sub-areas and treat them as “one homogeneous area” is left to the designer to determine if appropriate.  If a more refined modeling approach for radically different (and typically large scale subareas) RCN defined sub-areas is desired, the designer should consider using either the NRCS TR-55 or TR-20 programs.  Consultation with experienced users of these programs is warranted to assure accurate assessments.  One other possible way to handle “non-homogeneous” watersheds utilizing this tool would be to analyze the pre-fire scenario and determine a csm (cubic feet per second per sq. mile) delivery to the outlet for the various recurrence events.  Then analyze the severely affected (RCN-wise) areas for the post-fire condition but using only the reduced area attributed this burn (not the entire drainage area used in the pre-fire analysis).  Then for each recurrence event in the post-fire analysis add the peak discharge from the high RCN area to the discharge estimated for the remaining area (assumed unburned) by multiplying the pre-fire csm x the remaining area (in sq. mi units).  For instance if you analyzed a 5.0 sq. mile watershed resulting in a pre-fire 10 year (24hr.) peak discharge estimate of 25 cfs, this would yield a pre-fire delivery of 25/5 or 5 csm.  Let’s say your post fire analysis of the area revealed an area of 2 sq. miles that were severely burned and went from an RCN=58 (pre-fire) to RCN=82 (post-fire) and 3 sq. miles were found to be unchanged by the fire.  Your analysis of the 2 sq. mile high severity burn yields a 10-year peak discharge of 90 cfs (but only for the 2 sq. miles).  An estimate for the total 10-year (24hr) for the entire watershed would be

 90cfs+(3sq. mi x 5csm)= 105 cfs.  A wide mosaic of burns (and resultant varying RCN’s) could not be handled by this method but may fit the homogenous assumption that the spreadsheet utilizes.  Again, sound judgement is called for, by the designer, to ensure that accurate modeling procedures are followed.  Call the State Conservation Engineer if there are any doubts as to the validity of the hydrologic assumptions made during your analysis.

Any issues/questions regarding the use of this spreadsheet should be directed to Geoff Cerrelli, Civil Engineer, Bozeman State Office :  (406) 587-6853 or email him at “geoff.cerrelli@mt.usda.gov”.

