
INTRODUCTION 

The Colorado Department of Public Health and the Environment (CDPHE) 
Guidelines on Individual Sewage Disposal Systems (Guidelines) and Adams 
County Health Department's ISDS Regulation I-96 allow use of the water 
balance method to size evapotranspiration beds. This guidance document has 
been prepared to assist engineers and regulators in understanding and 
applying the water balance method to the design and review of 
evapotranspiration systems. 

The guidance document presents the water balance design method in a 
spreadsheet format and explains the development of the spreadsheet and how 
to use it. 

The Hydrologic Evaluation of Landfill Performance (HELP) Model (1) was used 
to obtain evapotranspiration, precipitation, and runoff data to input into 
the water balance spreadsheet. HELP is a water-routing model for 
determining water balances. 

Figure 2.0, in the Appendix illustrates the relationships between the input 
and output data, the HELP Model, and the water balance spreadsheet. 

CONCEPT OF THE WATER BALANCE METHOD 

A water balance accounts for water entering the bed, water leaving the bed, 
and water storage within the bed. Sources of water into the bed include 
septic tank effluent and infiltration of rainwater and snowmelt. Water 
leaves the bed by absorption into soils, evaporation, and transpiration. 
Water is stored in the pore spaces (voids) in the gravel, sand, and topsoil 
within the bed. A water balance uses the equation: INITIAL WATER (or 

WATER FROM PREVIOUS MONTH)+ WATER IN - WATER OUT� WATER IN STORAGE. An 
evapotranspiration bed must provide sufficient storage capacity under all 
anticipated conditions, therefore, the Guidelines and Regulation I-96 
require that ET beds be sized to store all water during those months where 
WATER IN is greater than WATER OUT. 

Water is stored within the void sp·aces between the soil particles in the 
bed. Figure 1.1 illustrates that soils consist of a solid phase, a water 
phase and an air phase. Water and air occupy the pore spaces (voids). The 
void phase is referred to as porosity. 

Figure 1.2 indicates that for a 1 cubic foot sample of ET bed sand, that 
approximately 0.44 cubic foot consists of void space, if the sample were 
completely dried in an oven, to completely remove the "water phase", such 
that all void space were occupied entirely by air. The 0.44 cubic foot was 
determined from the HELP model default porosity for the default material 
texture 4, which corresponds to the ET bed sand. The HELP model inputs and 
outputs are discussed later in this document. 

Figure 1.3 indicates that the ET sand in a bed will always have some minimum 
moisture content. The HELP model determines that this minimum moisture 
content would be 0.28 cubic feet in the 1 cubic foot sample. The remaining 
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If 99% confidence level values are used, in conjunction with the peak daily 
flow in the worst case month, 100% of the bed capacity can be utilized. 

The cost savings resulting from a less conservative design should be 
evaluated against the consequences of a bed failure, even if failure is 
temporary. In addition, it is recommended that the engineer consider how 
applicable the data are to the site where the bed was located. 

The engineer must assess the quality of the data and determine which 
precipitation, runoff and ET values· to use: average values from HELP model. 
with "r�serve capacity in "worst case" month(s); 99% cot).fidence levels froni 
HELP Model, with lesser reserve, or 99% confidence levels from HELP Model, 
with peak flow in the "worst case" month, based on professional judgement 

and experience. 

The level of confidence in the data for the specific site should be 
carefully considered in determining how much "margin of safety" to provide 
in the form of percent of total storage utilized. Where their is less 
certainty in the data, greater reserve storage capacity should be provided 
in the bed. The additional cost associated with a more conservative design 
approach may more than offset the potential for a short term failure of the 
bed. 

The spreadsheets can be provided, upon request, provided the user has the 
appropriate hardware and software (Microsoft Excel) to run it successfully, 
and sends a blank disc to: 

Adams County Health Department 
7190 Colorado Blvd., Ste. 200
Commerce City, CO 80022

The file name for each of the spreadsheets (Figures 2A, 2.1-2.3, 3.1-3.3, 
and 4.1-4.3) is indicated in the lower left corner of each spreadsheet. 
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DISCLAIMER 

Neither the Tri-County Health Department nor any of its agents or employees 
undertake or assume any liability to the owner of the property, design 
engineer, or system installation contractor, in the event of failure of a 
system sized using this guidance manual and the water balance spreadsheet. 
This information should only be used as a guide for the water balance 
methodology; Good engineering judgement is essential is selecting .. the 
various parameters which determine the system size.• 
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