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On-Site Setback Distance Determination

1. Overview

1.1 Synopsis

The Phosphorus-Based On-Site Setback Determination Model (POSDM) is a technical and
scientific means to determine setback distances from surface water for domestic subsurface
sewage disposal (SSD) systems. This software tool takes into account effluent quality, drainfield
characteristics, aquifer characteristics, ground water quality, and surface water body
characteristics to calculate an appropriate setback distance from surface water. The model only
addresses phosphorus (P) as the constituent of concern. Prior to using this model, landowners
and/or their consultants must consider other wastewater constituents, such as nitrate and
pathogens, and obtain a determination from the Idaho Department of Environmental Quality
(DEQ) that the other wastewater constituents are deemed insignificant.

The model consists of three stages corresponding to the effluent (and thus the contaminate
transport) flow path:

1. Effluent application to the drainfield and soil sorption (removal) of P from effluent

2. Mixing of percolate discharging from the drainfield with ground water, and the
subsequent transport along the ground water flow path

3. Mixing of ground water discharging into the receiving surface water body.

The first stage of the model predicts how much P can be sorbed to the soils beneath the
distribution field before the soil P sorption capacity is fully utilized. The model also estimates the
P concentration and volume of percolate discharging to ground water. The higher the P fixing
capacity of the soil, the longer the site can be utilized.

The second stage of the model predicts resulting P concentrations as ground water and percolate
from the drainfield mix. As ground water travels downgradient from the drainfield, P
concentrations change both with distance and depth.

The resulting P concentration in ground water as it encounters a surface water body is used for
the third stage of the model. The third stage of the model consists of estimating the resulting P
impacts to the surface water body as ground water discharges into, and mixes with, the surface
water body.

Several possible compliance points can be considered with this model. These include (a) a
drainfield site life based on the P sorption capacity of the soils; (b) a maximum P concentration
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of percolate discharging from the drainfield; (c) a maximum ground water P concentration a
specified distance downgradient of the drainfield; (d) a mass discharge amount into a surface
water body; or (e) a maximum P concentration in a surface water body after mixing with
discharging ground water.

The POSDM design is a series of user-friendly spreadsheets where the required information can
be easily entered, and determination of appropriate setback distances to surface water calculated
and clearly displayed. The theory behind the model is complex. Consequently, parameter
selection and model use should only be pursued by environmental professionals (such as a
professional engineer or geologist) with expertise in environmental system modeling.

1.2 Introduction

Many properties in Idaho that are adjacent to surface water are not near municipal wastewater
collection and treatment facilities. Furthermore, some of these properties may not be large
enough to place an on-site wastewater drainfield the required distance away from the surface
water. This situation hinders installation of, or access to, suitable wastewater treatment facilities,
which prohibits building a structure supplied with pressurized water. It may be possible,
however, to utilize shorter setbacks that still appropriately protect public health and water
quality.

Recognizing the ever-advancing technology related to sewage disposal, the
“Individual/Subsurface Sewage Disposal Rules” (Idaho Administrative Procedures Act (IDAPA)
58.01.03) state that alternative systems may be permitted if in accordance with the Technical
Guidance Committee’s recommendation and approved by the Director. (IDAPA
58.01.03.004.10.) Disposal via a pressurized drainfield is an approved alternative system under
the Individual/Subsurface Sewage Disposal Rules. The Director may grant a variance from the
dimensional or construction requirements for a system in certain circumstances, e.g., where the
variance will not have an adverse impact on the public health or the environment (IDAPA
58.01.03.010.06(c)). This guidance document therefore assists real property owners and/or their
consultants in complying with the requirements for seeking a variance from the
Individual/Subsurface Sewage Disposal Rules’ separation distances (IDAPA 58.01.03.008.02(d))
for a system utilizing a pressurized drainfield. (IDAPA 58.01.03.010.) The modeling results will
help inform DEQ’s setback determinations based on site specific information.

The site and proposed system must not adversely impact the adjacent surface water. This
requires that the facility and wastewater system adequately address the following wastewater
constituents:

1. Total nitrogen
2. Pathogens
3. Phosphorus

Current permitting procedures adequately address nitrogen and will not be addressed in this
document. Refer to the current revision of the Nutrient-Pathogen (NP) Evaluation Program for
On-Site Wastewater Treatment Systems (DEQ 2002) for these topics. Be aware that an NP
evaluation, required to assess a system’s impact on ground and surface waters, may identify site
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limitations that require a nitrogen-reducing system be installed. Nitrogen-reducing systems do
not reduce P in the wastewater stream.

This model will address P sorption in the soils beneath an appropriately sized pressurized
drainfield. An appropriately sized drainfield is one that adheres to IDAPA 58.01.03.008.03
specified sizing, without drainfield reduction. This guidance is not intended to be used to
establish reductions in drainfield size, but rather to assess the capacity of the soil beneath the
drainfield to sequester P, so that any potential reduction in setback distance to surface water can
be realized. Drainfields may be configured with capping fill trenches, or drip distribution fields,
and must be pressure dosed. The intent for using pressurization is to place the effluent as near to
the soil’s surface as possible, in order to use all available soil sorption sites, and to evenly
distribute the effluent over the entire drainfield. Application of this model should be preceded by
a thorough site evaluation performed in conjunction with the local health district. Appropriate
soil sampling protocols (Appendix A) and soil P sorption analytical methods (Appendix B) must
be used. The physical system modeled is shown in Figure 1-1.

Schematic-General

Drainfield /

Figure 1-1. General schematic of the modeled flow path.

Three contaminant pathways are modeled as shown in Figure 1-2:

1. Phosphorus (P) movement through, and sorption in soils and resulting generation of
P-bearing percolate

2. Mixing of percolate with ground water and subsequent P advection and dispersion
during aquifer transport

3. Ground water mixing with surface water (either stream/river or lake/reservoir).
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Modeling Schematic
;

‘ 3 Percolate/
GW Mixing
m Loading to Drainfield .
‘ Discharge beyond drainfield

Advection’

o Dispersion
:
l Discharge to Surface Water
l P Breakthrough in percolate
GW/SW

Mixing

Figure 1-2. Schematic of the modeling steps.

The regulatory role is to (1) determine the point(s) of compliance, (2) set qualitative and
quantitative criteria at the point(s) of compliance, (3) evaluate numerical model outputs to
determine compliance with the established criteria, and (4) determine acceptability of a proposed
project. Points of compliance may include but may not be limited to the following:
a. Asite life (years) of a drainfield given its sorption capacity, P loading rate, and
number of years to reach its capacity.
b. A threshold percolate concentration exiting the drainfield soil profile, in milligrams of
P per liter (mg-P/L), that the system can reach before exceeding this threshold.
c. Athreshold ground water concentration (milligrams per liter [mg/L]) at a distance
from the drainfield that the installation must meet.
d. A mass discharge (pounds per year [Ib/yr]) limit into a surface water body
e. A surface water mixing concentration limit (mg-P/L) that must not be exceeded.

1.3 Preliminary Considerations

This section describes appropriate uses of the model, expertise required to run the model, the
Tier | nature of this simple model, and considerations for more complex Tier Il modeling.
Additionally, system compliance criteria will be presented.

1.3.1 Appropriate Uses of the Model

Until further notice, any use of this model for satisfaction of regulatory requirements, whether
for characterization, design, or estimation of impact as a result of ongoing operation of a facility,
for which output is submitted to the DEQ for review and approval, shall be preapproved by DEQ
before use. Submittals to DEQ including nonapproved uses of this model shall not be accepted.
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1.3.2 Tier | (Conservative) Model

As with any tool, there are limitations and appropriate uses. This model is what we will term a
Tier | model, meaning it is relatively simple mathematically, and it has internally set defaults that
are meant to yield conservative estimations and predictions of P impacts to the environment. If a
site-specific application of the model yields acceptable values that meet DEQ compliance
criteria, the acceptability of the project should be reasonably assured.

The Tier | model is applicable for relatively straightforward scenarios. Increasing
nonconformance to existing rule, guidance, or technology may necessitate more than a Tier |
analysis (section 1.3.3). This model would be inapplicable for use in hydrogeologic scenarios
that are inadequately characterized and do not present extremely limiting or unusual conditions.
Such conditions may be cause for DEQ to deem as inapplicable the use of this model. Such
conditions as generally described in this paragraph must be determined on a case-specific basis.

1.3.3 Approaches for a Tier Il Analysis

If the Tier I outputs show predicted noncompliance at specified compliance points, more
sophisticated, time-consuming approaches requiring additional expertise may be resorted to in
order to conduct more detailed analyses. Such approaches will be called Tier Il analyses. Tier Il
analyses may involve approaches that are outlined further in Appendix C.

1.3.4 Tier | Parameter Selection

Model output is only as good as the input parameters chosen. The modeler must have sufficient
expertise, or access to such expertise, in parameter selection for the different media being
modeled, such as the following:

e Drainfield design and operation
e Soils

e Hydrogeology

e Surface water hydrology

e Water quality issues

As discussed in detail below, documentation for all parameters selected must be provided to
adequately document the modeling effort and the corresponding results. Documentation includes
parameter sources and reasons why particular values were chosen.

The data utilized as inputs to the model should meet reasonable standards of quality. Contact
DEQ for further guidance on data quality requirements and other details regarding quality
assurance and quality control (QA/QC) that are pertinent for this application.

1.3.5 Compliance Criteria

Various site and system limitations must be taken into account prior to implementing this model
to determine surface water setback reduction for drainfield placement. Some of these criteria and
limitations include but are not necessarily restricted to the following:




On-Site Setback Distance Determination

Drainfields may not be placed closer than 100 feet from surface water.

Soil horizons that encounter seasonally high ground water are not suitable for
evaluation.

Drainfields that are increased in size to utilize the P sequestering capacity of the extra
soil to justify placement closer to surface water than IDAPA 58.01.03.008.02.d
allows, does not justify future wastewater flow increases (adding bedrooms,
increasing commercial wastewater flows).

1.4 Model Description

As discussed in section 1.2, the model incorporates three pathways and their corresponding
removal/attenuation mechanisms Figure 1-1:

1.

2.

3.

P movement through and sorption in soils, and resulting generation of P-bearing
percolate

Mixing of percolate with ground water and subsequent P advection and dispersion
during aquifer transport

Ground water mixing with surface water (either stream/river or lake/reservoir).

How these mechanisms are built into the model is discussed in this section. The general structure
of the tool uses several Excel spreadsheets in one workbook. Each spreadsheet deals with a
particular media that is being modeled, and inputs are placed on the top of the sheet, while
outputs of the particular sheet are below the inputs. The sheets and their function are described
below. Their interrelationships are shown in Figure 1-3.




On-Site Setback Distance Determination

Onsite Phosphorus Setback
Model <rev. 10/19/11>

Input Parameters

y

Input Soils Input Drainfield
Input Input Surface
Parameters Parameters Aquifer/Ground Water Parameters
Water

Parameters

It

Gravels and
Bulk Density

y
Input Soil Sorption Input Soil
Batch Test Data Profile Data:
Depth,
A

A

Develop P Isotherms
& Calculate Soil
Sorption Properties

Calculate Soil Horizon P
Sorption Capacities and
Drainfield Site Life \
‘ [ Calculate GW
s [P] Down
Gradient of
Installation

Calculate In-
Stream Mixing
[Pl and P
mass Load to
Stream

Figure 1-3. Model data input flow and subsequent output calculations.

Isotherm sheet—This sheet is where data from P sorption isotherm batch testing of soils is
entered. Sorption isotherms are plotted and P sorption capacities of soils are calculated.

Sorption sheet—Soil horizon information is entered here, in addition to wastewater P
concentrations [P]. Soil P sorption of the drainfield is calculated, along with a projected site-life.

Drainfield sheet—Soil class, number of bedrooms, wastewater flow, drainfield dimensions and
orientation along ground water flow path, and proposed setback distance to surface water are
entered.

Surface Water Mixing sheet—River or lake is entered, depth of water body, stream flow and
other parameters related to mixing of ground water and surface water are entered.

GW Transport sheet—Ground water quality information, aquifer parameters, and model domain
information are entered.

All Plots tab—All the graphics generated from the model appear in this tab.

Plot Data sheet—Most of the data utilized to create graphics in the All Plots tab are in this sheet.
This sheet is protected and not available for modification by the user.
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Utility Sheets tab—This tab indicates that the sheets beyond this tab relate to the inner workings
of the model. No inputs are in these sheets, and only intermediate outputs that do not need to be
displayed to the general user of the model are shown. These sheets are protected and not
available for modification by the user.
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2. Isotherm Sheet

2.1 Description

The Isotherm sheet, shown in Figure 2-1, is where soil P sorption batch test data are entered, and
where sorption isotherms are in turn generated from the data. This sheet has capacity to enter
five sets of data, presumably enough data sets to accommodate up to five soil horizons being
considered as the drainfield’s sorptive matrix (adsorbent). Figure 2-1 shows both the inputs and
outputs for one soil horizon. In brief, inputs of analytical data are shown in the yellow-colored
columns to the center left of the table. Calculations based upon those data appear in the blue
columns of the table. These calculations are used to create the four plots seen in the upper right
and along the bottom of Figure 2-1. As described below, these plots represent various forms of
two sorption isotherms—the Langmuir and Freundlich types (Bohn et al. 1979). The data, it is
hoped, will fit one or the other of these isotherm types. Estimates of sorption capacity from the
best fitting isotherm can then be made. The data inputs and outputs are described below:

Project Description --—> General Model Development Co
P Sorption Isotherm Data Entry Date:  1/23/2012 15:01 Instructions: Enter Batch Analyses Data on the Left.
Yellow Cells Only for Data Entry. All other Cells are Calculated. Then enter Intercept and Slope from Linear Trend Line to the right.
Horizon No. Horizon 1 Batch [0} C(eq) xim log(xm) | log(C) | Cl(xim) \ﬁcb/(hkc) kCd Langmuir
Sample ID W.BAY_#1_18-2! 1 0.079 -19 #NUM! | 110 [-0.0416 |6.37 12.34 Intercept = 0.0121
2 0.11 10.37  [1.015779|-0.95861 [0.0106  |8.7873 14.68 0.1600 Linear Langmuir Plot Slope = 0.0038
3 0.16 22 1.342423| -0.79588 |0.0073 12.5905 17.87 01400 o b= 263 mglkg
4 3.66 139.2 2.143639 0.563481 |0.0263 140.7259  [92.43 Ovjzuu K= 0.31405
5 15.84 187.46 2.272909 | 1.199755 (0.0845 219.1114 [199.47 0.1000
6 36.75 252.2 2.401745 1565257 |0.1457 242.1746  [310.28 § 0.0800 / C =1 +C
7 #NUM! #NUM! o o 0.00 S’ x/m Kb b
8 #NUM! #NUM! o o 0.00 0.0500
9 Mt [ som 0 0 0.00 0.0400 y =0.0038x +0.0121 slope=1/b
10 evar | emoc o @ fas 00200 F R? =0.9846 intercept = 1/Kb
11 #NUML | #NUME 0 [ 0.0000 . o " o 0
12 #NUML | #NUM! 0 0 0.00 (mg/t)
13 ANUM! [ #NUM! 0 0 0.00
14 #NUM! | #NUMIE 0 0 0.00
Freundiich
0 Sorption Plots Phase II: 0 (Theta) v. Equilibrium [P] s Linear Freundlich Plot i amzne ac
1 Slope = 0.525
A =
30 ) 8: 25 n= 1.90
i 1 Eor 2 / k= 46.77
2200 506 3
< Eos 15
B1s0 o4 ® /
E o L/ v —+—Raw Data £ 03] / (P)K 2 x/m = kCb = kct/n)
® 100 1f = Freundiich Plot 3 gz 6= a+r®n y =0.525x + 1.67
s0 4 Langmuir Plot =0l y 05— Ri-00531 - Iog(x/m) = 10g(k) + (b)Io(C)
ol ’ o 5 10 15 20 25 30 35 0 = logl) + (1/n)log(C)
o 10 20 40 C(me/t) -5 1 05 o 05 1 15 2 -S‘GDE =t :_ n
i) . intercept = log(k)

Figure 2-1. Soil sorption data input and P Isotherm generation sheet.
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2.2 Instructions for Use

2.2.1 Isotherm Sheet Inputs

The following describes the input parameters for this sheet. As with the other sheets, cells used
for inputs are colored yellow with red font.

1.

2.

3.

10.

Project Description: Enter a brief description of the project or scenario being
modeled.

Horizon No. (upper left of Figure 2-1): The number or other designation of the
horizon in the soil profile from which the sample was taken is entered here.

Sample ID: The unique sample 1D, as given by the sampler or the analytical
laboratory, is input below the Horizon No. input.

Batch (number): The batch number is pre-entered in the first column of the
data/calculation table (appearing in the upper left of Figure 2-1) in the column labeled
Batch. The batch represents a particular soil sorption test with a given aliquot
containing a specific predetermined initial concentration (C;) of phosphorus (P) (the
adsorbate). Depending on the method used, and the initial aliquot concentration
ranges to be employed, a variable number of batches may be analyzed. Utilization of
five or more batches is common (Appendix B ), but academic studies may employ
numerous batches (Leytem and Westermann 2003).

Initial Aliquot P Concentration (C;) (mg/L): In this column, enter the initial P
concentration (C;) (mg/L) (the adsorbate concentration) of the aliquot for each batch.
These cells are not currently involved in any calculations, but minor spreadsheet
modification may be employed to calculate the term, x/m, described in section
2.2.1(7). This is not anticipated to be necessary because the laboratory normally does
this calculation and typically reports x/m to the client.

Final (Equilibrium) Aliquot P Concentration (Ceq 0r C): In this column, enter the
final (equilibrium) P concentration (Ceq) (mMg/L) of the aliquot for each batch. These
cells are involved in this sheet’s calculations for the linearized Langmuir plot as well
as for plotting raw sorption data. These two plots are described in section 2.2.3.
Phosphorus Sorbed onto the Soil (x/m) (mg/kg): In this column, enter the amount
of P sorbed onto the soil sample (the adsorbent). The variables are defined as follows:
x is the mass of P (mg) sorbed onto the mass of soil ( adsorbent) in kilograms (kg).
The resulting ratio, x/m, is reported in units of mg P/kg soil.

Langmuir Intercept (1/Kb): The y intercept of the linear trendline plotted in the
linearized Langmuir plot (Figure 2-2) is entered in the upper right input area. The
Langmuir K is a constant related to the binding strength (Bohn et al. 1979). For
further discussion of the Langmuir equation and its linear form, see Bohn et al. 1979
and the inserted text box in the upper right of Figure 2-1.

Langmuir Slope (1/b) (kg soil/mg P): The slope of the linearized Langmuir
trendline is entered below the Langmuir intercept. The reciprocal of the Langmuir
slope (b) is the maximum amount of adsorbate that can be adsorbed onto the soil (the
adsorbent) (Bohn et. al 1979).

Freundlich Intercept (log(k)): the y intercept of the linear trendline plotted in the
linearized Freundlich plot (Figure 2-4) is entered in the lower right input area. The
value k is an empirical Freundlich constant. For further discussion of the Freundlich

10
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equation and its linear form, see Bohn et al. 1979, as well as the inserted text box in
the lower right of Figure 2-1.

11. Freundlich Slope (b or 1/n): The slope, b, of the linearized Freundlich trendline is

the reciprocal of the Freundlich empirical constant, n (Bohn et al. 1979). The slope, b,
is entered below the Freundlich intercept.

2.2.2 Isotherm Sheet Calculated Outputs

1.

2.

3.

Calculation: Log(x/m)—A calculation whose values are plotted against Log(C) so
that a linearized Freundlich isotherm may be plotted (Figure 2-4).

Calculation: Log(C)—A calculation whose values are plotted against Log(x/m) so
that a linearized Freundlich isotherm may be plotted (Figure 2-4).

Calculation: C/(x/m)—A calculation whose values are plotted against C so that a
linearized Langmuir isotherm may be plotted (see Figure 2-2 below). This expression
is actually the reciprocal of the solution/solid partition coefficient, Ky (K4 being
(x/m)/C).

Calculation: KCb/(1+KC)—A calculation whose values are plotted against C so that
a Langmuir isotherm for the particular soil sample analyzed may be plotted (see
Figure 2-5 belowg.

Calculation: kC"—A calculation made so that a Freundlich isotherm may be plotted
(Figure 2-5).

2.2.3 Isotherm Sheet Graphical Outputs

1.

Linearized Langmuir Plot: This plot (Figure 2-2) is semiautomatically generated by
plotting C versus C/(x/m). See the linearized equation on the middle right of Figure
2-1. The user must decide what data to utilize and then select the data set (i.e., the x
and y coordinate pairs) by editing the data set information. It is recommended that P
desorption data pairs (i.e., those with negative x/m values) be omitted. It is also
recommended that data pairs having initial P concentrations (C;) greater than 200
mg/L not be used (Appendix B). The reason for this is to standardize the allowable
concentrations employed when plotting the linearized Langmuir isotherm. This is
important because the calculated sorption maximum (section 2.2.3(3)) will often
increase when higher C; batch test values are used.
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Figure 2-2.

2.

Linearized Langmuir isotherm [C/(x/m) versus C] with best fit trendline.

Linearized Langmuir Plot Trendline — R? Value: A linear trendline and its
equation are automatically plotted along with the data as shown in Figure 2-2. Take
note of three items: R? value, slope, and intercept. The R? associated with goodness of
fit of the data to a linear trendline will appear in the plot area. It is often the case that
the closer the goodness of fit parameter is to 1.0, the better the linear trendline
matches the isotherm derived from the data, which increases one’s confidence in
using the linear trendline. In Devore (1995) correlation is considered strong,
moderate, and weak where the R? is 0.8-1, 0.5-0.8, and <0.5 respectively. This is not
always the case however, and other diagnostics may be necessary. See the important
discussion in Helsel (1992). If the Langmuir isotherm is not an adequate fit, try
another isotherm such as the Freundlich.

Linearized Langmuir Plot Trendline — bmax Or Reciprocal Intercept: The y
intercept (1/b) of the trendline appears in the equation in the plot area. The value b or
bmax calculated is the Langmuir byax Or the sorption maximum of the analyzed soil
matrix. It is the reciprocal of the y intercept and is expressed as mg-P/kg. The
calculated value appears in the upper right of Figure 2-1. This parameter is an
important input into the Phase | P sorption model in the Sorption sheet (section 3.2).
Linearized Langmuir Plot Trendline — K or Affinity of the Sorption Matrix: The
K value is a constant related to the binding strength of the adsorbate (P in this case) to
the adsorbent (the soil matrix) (Bohn et al. 1979). It is equal to the slope (1/b) divided
by the intercept (1/Kb). The slope of the trendline is calculated and appears in the
linear equation in the plot area. The K value is utilized in the Sorption sheet to
generate a theta versus. [P]eq curve, which is a normalized curve constructed by
plotting C versus. KC/(1+KC) as shown in Figure 2-3. The y axis is the fraction of
soil P sorption capacity utilized (a proportion) and the x axis is C (i.e., the equilibrium
P concentration). The significance of this plot will be explained in the Sorption sheet
documentation in section 3.4.
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Figure 2-3. Normalized Langmuir isotherm [Theta (8) versus C].

5. Linearized Freundlich Plot: This plot (Figure 2-4) is semiautomatically generated

by plotting the log(C) versus. log(x/m).

See the linearized equation on the lower right

of Figure 2-1. The user must decide what data to utilize and select the data set (i.e.,

the x and y coordinate pairs) by editing

the data set information. Phosphorus

desorption data pairs (i.e., those with negative x/m values) cannot be used (the log of
a negative number is undefined). It is recommended that data pairs with initial P
concentrations (C;) greater than 200 mg/L be omitted from the data to be plotted. The
reason for this is twofold. First, such a limit serves to keep initial concentrations no
more than an order of magnitude higher than expected in effluent concentrations.

Raw wastewater effluent [P] ranges fro

m 4-15 mg P/L (Lombardo 2006 ). Secondly,

this limit serves to standardize the allowable concentrations employed when plotting

the linearized Freundlich isotherm.

2.

1.
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Figure 2-4. Linearized Freundlich isotherm [log(x/m) versus log(C)] with best fit trendline.

6. Linearized Freundlich Plot Trendline — R? Value: The trendline is automatically

plotted along with the data. Take note o

f three items: R? value, slope, and intercept.

The R? associated with goodness of fit of the data to a linear trendline will appear in
the plot area. It is often the case that the closer the goodness of fit parameter is to 1.0,
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the better the linear trendline matches the isotherm derived from the data, which
increases one’s confidence in using the linear trendline. In Devore (1995), correlation
is considered strong, moderate, and weak where the R? is 0.8-1, 0.5-0.8, and <0.5
respectively. This is not always the case however, and other diagnostics may be
necessary. See the important discussion in Helsel (1992). If the Freundlich isotherm is
not an adequate fit, another isotherm such as the Langmuir should be chosen. One
thing to note when comparing R? values of linearized Langmuir and Freundlich plots
is that the Freundlich is a log/log plot and may result in better fits all other things
being equal.

Linearized Freundlich Plot Trendline — Intercept (b or 1/n): The y intercept of the
trendline appears in the equation in the plot area and is b or 1/n.

Linearized Freundlich Plot Trendline — k: The slope of the linearized Freundlich
plot is log(k) from which the value of k is derived.

Sorption Plots: In the lower left corner of Figure 2-1, a graphic contains three
sorption plots. This plot is reproduced below in Figure 2-5. The plots are
semiautomatically generated. The raw data sorption curve plots equilibrium P
concentration versus the amount of P sorbed onto the soil (C versus. x/m) (i.e., the
data as are generally reported from a laboratory). The Freundlich curve plots C versus
kC® (an expression of x/m with the data fitted to the Freundlich isotherm). The
Langmuir curve plots C versus KCb/(1+KC). The latter term is an expression of x/m
with the data fitted to the Langmuir isotherm. Notice the additional b term in the
numerator, which makes this curve a sorption curve rather than the normalized curve
discussed in section 2.2.3 (Figure 2-3) and section 3.4. Plotting all three curves here
enables the user to not only utilize the R? values in determining a best fitting
isotherm, but enables the user to visually see which isotherm best fits the raw data. In
certain cases, the user will be looking at what part of an isotherm appears to be fitting
best with the raw data, such as in the case where a particular P equilibrium
concentration is selected and calculations of the sorption capacity at that
concentration are being estimated.
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Figure 2-5. Sorption plots of soil sorption data, Langmuir and Freundlich isotherms [x/m versus

cl.
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3. Sorption Sheet

3.1 Description

The Sorption sheet takes soil P sorption capacities calculated in the Isotherm sheet and
determines P sorption capacities for soils in a drainfield and adjacent soils. Several subparts in
this sheet have different functions. These subparts are discussed separately. In brief, they are

1. Phase I: Site-Life P Sorption Maximum Tool. This tool utilizes P sorption
Langmuir maximums (bmax) calculated for each soil horizon in the Isotherm sheet, as
well as the wastewater P loading rate to calculate a drainfield ‘site-life’. This site-life
is the time it takes to use up the P sorption capacity at the rate of P addition to the
system.

2. Phase I1: Sorption/Percolate-P C.q Estimator for On-Site Drainfields Tool. This
tool estimates percolate P concentrations (Cp) throughout the operation period of the
drainfield. The longer the drainfield is in use the closer the C, approaches wastewater
phosphorus concentration (Cww). Percolate P concentrations change in response to the
amount of P that is sorbed, such that a given soil having little sorbed P, will have a
low equilibrium P concentration exiting the soil profile. As the amount of P sorbed
increases, the soil will exhibit increasingly a higher C,. Eventually the soil reaches
that P sorption capacity which is at an equilibrium concentration equal to the Cyu.
Since the percolate concentration changes over time, the time-weighted average
percolate concentration is calculated and that value is used for ground water mixing
and contaminant transport calculations described in section 6.1 and following.

3. P Desorption Capture Tool. This tool calculates an estimated mass of P that will be
desorbed from the soil matrix in a given number of years after drainfield
abandonment, assuming a given percolate volume and P concentration. This
estimated mass of desorbed P can be utilized in the model in one of three ways:

a. This mass may be added to the mass of P calculated to be sorbed onto the soil in
the Phase | analysis.

b. This mass of P may be added to the mass of P calculated to be sorbed onto the soil
in the Phase Il analysis.

c. This mass of P may be ignored and not added to either Phase | or Phase 11
sorption estimates.
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3.2 Phase I: Site-Life P Sorption Maximum Tool—Instructions for Use

As summarized above, this tool utilizes P sorption maximums (bnmax) calculated for each soil
horizon in the Isotherm sheet, as well as the wastewater P loading rate to calculate a drainfield
site-life. This site-life is the time it takes for the drainfield and adjacent area to exhaust (use up)
the predicted P sorption capacity at the given rate of P addition to the system. Three important
simplifying assumptions of the Phase | tool are

1. It assumes that the Langmuir isotherm fits the soil data analyzed, which is necessary
because only the Langmuir isotherm yields a byax.

2. Itassumes that all P applied to the system is sorbed and no P exits the system with
percolate until the maximum sorption capacity (bmax) IS exceeded.

3. Once bnax Is exceeded, it is assumed that the system at that point has failed and the
percolate P concentration ([P]) is assumed to be equal to the septic tank effluent [P]
being discharged to the drainfield.

A critical limitation of the Phase I tool is its inability to calculate a percolate P concentration
([P]), and subsequently to calculate mixed ground water [P] downgradient. This prevents the
Phase I tool from estimating a setback distance to surface water. Yet, the Phase | tool is able to
provide an estimate for the soil’s P sorption life, that is, how long the site will be able to be used
to sorb P discharged at the rate specified concentration in the effluent (Cyw) assuming no
percolate P losses.

This is not a besetting limitation if the Phase | tool is utilized in concert with the Phase 11 tool by
allowing a bmax sorption capacity for only a portion of the total soil profile, and then reverting to
the Phase 11 tool to set sorption capacities based on varying Ceq in the percolate. See Figure 3-1
and section 3.4 for further discussion.

Phase I: Site-Life P Sorption Max Tool for On-site Drainfields

Wastewater [P] (mg/L) [same for Phases | and II] 8.6 Sorption Multipliers

P removal (precipitation) in Septic Tank (20 - 30 %) 0% 1.5|Estimate 5 d results from 1 d test
WW vol/yr (million gallons/yr) 0.110 (1.5 recommended)

WW vol/yr (million gallons/ac-yr) 3.407 1.5|Est of long term sorption from 5 d test
Drainfield & Adjacent Area (acres) 0.032 (1.5 recommended)

Regulatory Site life Min (yr) [set @ 0 to bypass Phase I] 10 2.25|Composite Sorption Multiplier

P loading from WW/yr (Ib/ac-yr) [both Phases | and I1] 244.4

Soil Parameters Horizon 1 |Horizon 2 Horizon 3 Horizon 4 Horizon 5

(Db) Soil bulk density (g/cm3 1.45 1.45 1.45 1.45 1.45
Rock fragment content - > 2 mm by volume (a proportion) 0 0 0 0.2 0.4

(d) horizon depth (inches) 8 32 30 25 5

(d) Corrected horizon depth (inches) 8.0 32.0 30.0 20.0 3.0

(b) P Sorption max (mg/kg) 592 1500 900 1184 726

P Sorption Capacity per acre (Ib/ac) 1545 15660 8809 7727 710

P Sorbed Ib/ac at Regulatory Site Life 1545 898 0 0 0
Depth of Horizon Used (in) Reg Site Life 8.0 1.8 0.0 0.0 0.0
Total P Sorption (Ib/ac) 34452

Site life (years) 141.0

Are Regulatory Site Life Criterion Satisfied? Yes

Figure 3-1. Phase | site life P sorption maximum calculation tool.
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3.2.1 Sorption Phase | Sheet Inputs

The following describes the input parameters for this sheet. As with the other sheets, cells used
for inputs are colored yellow.

1. Wastewater Phosphorus Concentration (Cyyw) (mg/L): Enter the P concentration
([P]) of the wastewater effluent being discharged to the drainfield. Typical values for
Cww to septic tanks range from 1.2 to 16 mg-P/L according to Lombardo (2006) and
from 6 to 12 mg-P/L according to the Technical Guidance Manual (TGM) (section
3.2.1, Table 3-1) (DEQ 2013). Idaho’s Domestic Wastewater Phosphorus
Concentration Report (DEQ 2012) identified the upper confidence limit, at the 95%
confidence level, for the average total phosphorus concentration discharging from a
septic tank to the drainfield as 8.6 mg-P/L. This input is used for both Phase I and
Phase 11 analyses.

2. P Removal (Precipitation) in Septic Tank (typically 20%-30%0) (percent): Enter
an estimate for the percentage of effluent P that is precipitated in the septic tank prior
to distribution in the drainfield. Typical values range from 20% to 30% (Lombardo
2006). This field should only be used where the data are from raw wastewater
entering the septic tank. For cases where the model input utilizes data representing
clarified effluent post septic tank (8.6 mg-P/L), this value must be set to zero (0).

3. Regulatory Site Life (years): This input reflects the regulatory agency’s expectation
of how long the drainfield installation should effectively sorb effluent P loading.
Since SSD permits are permits to construct, and not operating permits, site-life issues
must be characterized during permitting, and the regulatory expectations for site life
must be established and stipulated as a criterion by the regulatory agency. Since
regulatory controls are only implemented prior to and during construction, it is here
that design criteria must demonstrate site-life capabilities with respect to P sorption.
If site-life criterion cannot be demonstrated, this would be grounds for permit denial
to construct.

If the modeler wants to by-pass the Phase | tool in order to use the Phase Il tool, zero
should be set for this input. If the modeler wishes to allow maximum sorption for a
portion of the soil profile, the site life can be set at a desired time for which this is to
be allowed. The excess P not sorbed via the Phase | conditions passes to the Phase Il
tool for sorption at an attenuated rate.

4. Soil Bulk Density (Dp) (g/cm?®): Enter the soil bulk density here. Consult Natural
Resources Conservation Service (NRCS) soil databases such as the NRCS Web Soil
Survey (WSS) for typical values for the soil series represented at the installation site.
See the following website: http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm.

Soil bulk densities can also be determined by laboratory analysis. The Dy, value is
necessary to convert soil volume into soil mass, since it is on a mass basis that P
sorption is calculated from isotherm batch analyses.

5. Rock Fragment Content (a proportion): Enter the rock fragment content of the soil
horizon here. The rock fragment content is that fraction of the soil that does not pass a
#10 mesh sieve (i.e., materials >2 mm in diameter [NRCS 2002]). This is estimated
on a volume basis, and the fraction includes coarse sand, gravel, cobbles, stones, and
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boulders. It is estimated on a volume basis as observed in the soil profile (NRCS
2002). For example, if half the volume of the soil is gravel, enter a value of 0.5. If the
coarse fragment content is determined by weighing what passes and does not pass
through a #10 sieve, this will be on a weight basis and can be converted to a volume
basis using NRCS guidance designed for that purpose (USDA-SCS no date).

6. Soil Horizon Depth (inches): Enter the soil horizon depth for each horizon being
considered in this analysis. Horizon depth information is obtained from
measurements done in the test pit(s).

7. Sorption Multiplier—estimating 5-day results from 1-day test: The sorption
values obtained from a 5-day isotherm batch test are generally greater than those
obtained from a 1-day test (Tofflemire and Chen 1977). Furthermore, values for P
sorption over a 14-month period including wet/dry cycles and time, are considerably
greater than those of the 5-day test. DEQ is adopting a method utilizing a 1-day test
(Graetz and Nair [2000] and University of Idaho [no date]) (Appendix B) since this
test is commonly done at many commercial laboratories. It is therefore important to
convert 1-day test values to 5-day test values, so that, in turn those extrapolated 5-day
values can be further converted to longer-term (14 month) estimates discussed in
Tofflemire and Chen (1977). From limited data available, it is estimated that a factor
around 1.5 is appropriate to convert 1-day test values into 5-day test values
(Tofflemire and Chen 1977).

8. Sorption Multiplier—estimating long-term sorption values from a 5-day test:
The sorption values obtained from long-term (14 month) studies are significantly
greater than a 5-day isotherm batch test. As mentioned above, this is due to slow
mineralization of the rapidly sorbed P due to wet/dry cycles, time, and other factors.
Five-day test values can be used to derive longer-term estimates as these latter values
reflect more of the reality of P sorption than do 5-day tests. Column studies for a
limited number of soils having varying pHs and clay contents were conducted in
Tofflemire and Chen (1977). From these limited data, mineralization factors appear
to increase with increasing pH and silt plus clay content, as shown in Table 3-1.

Table 3-1. Soil properties summary and P mineralization factors.

Soil Property Soils A and B Soil C
pH 5.5-6.5 8
% course> 2 millimeters (mm) 2-20 16
% silt + clay < 0.62 mm 1-16 44
% clay < 0.002 mm ~1 7
Mineralization factor 1.9

A conservative mineralization factor (Tofflemire and Chen 1977) suggests a value of 1.90.
Interpolation of these limited data must be done with caution.

3.2.2 Sorption Phase | Sheet Calculated Outputs

1. Wastewater Vol (million gallons/year): This calculation is the volume of
wastewater applied per year to the drainfield system. This calculation comes from
wastewater volume inputs entered in the Drainfield sheet as gallons/day.
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10.

Wastewater Vol (million gallons/acre-year): This calculation normalizes the
wastewater loading rate on a per acre basis. The drainfield and adjacent buffer area
(inches per square feet [in./ft?]) comes from the inputs entered in the Drainfield sheet
and depends upon the soil classification and the number of bedrooms in the proposed
home.

Drainfield and Adjacent Area (acres): The drainfield and adjacent buffer area
comes from the inputs entered in the Drainfield sheet as square feet in that sheet. Note
that for pressurized drip systems no adjacent area and associated soil P sorption
capacity are included.

P Loading from Wastewater per Year: A calculation based on the effluent volume
per year and the wastewater P concentration (Cyy). This loading rate is used in both
Phase | and Phase 1l analyses.

Corrected Soil Horizon Depth (inches): Each soil horizon depth is corrected for
coarse fragment content on a volume basis utilizing horizon depth inputs and coarse
fragment content. For example, if a soil volume is half course fragments and has a
depth of 10 inches, only 5 inches of soil is present once coarse fragments are
removed. Coarse fragments have negligible P sorption capacity necessitating this
correction.

P Sorption max (b or bmax) (Mg P/kg soil): This value is calculated for the soils in
each horizon by taking the reciprocal of the linearized Langmuir isotherm slope to
obtain the bmax (section 2.2.3(3)) and then applying the Composite Sorption
Multiplier factor to the bmax (section 3.2.2(7)).

Composite Sorption Multiplier: This cell calculates the composite multiplier by
combining the multiplier for the 1- to 5-day test (section 3.2.1(7)) and the multiplier
of the 5-day test to the 14-month column study discussed in section 3.2.1(8) (i.e.,
long-term conditions). These are combined by multiplying them together. This
composite multiplier is applied to the Langmuir byax calculated in the Isotherm sheet,
(section 2.2.3(3)). The resulting calculated P sorption max appears in the cells
labeled, P sorption max, described in section 3.2.2(6).

P Sorption Capacity per Acre (Ib/acre): This cell calculates a normalized value for
maximum P sorption on a per acre basis for the entire depth of each soil horizon,
using the P sorption max value (section 3.2.2(6)), acreage for the drainfield area (and
adjacent buffer area if applicable) (section 3.2.2(3)), and soil bulk density (D)
(section 3.2.1(4)) to convert soil horizon depth, a volume basis, to a mass basis. In
other words, this cell calculates the maximum P sorption capacity for each soil
horizon. These calculated values, as discussed below, are shown graphically, along
with the P sorption capacity predicted to be utilized (section 3.2.3(1)).

P Sorption at Regulatory Site Life (Ib/acre): This cell calculates how much of the
maximum P sorption capacity (determined in section 3.2.2(8)) is utilized given the
mass of P applied during the site life stipulated in section 3.2.1(3). These calculated
values, as discussed in section 3.2.3(1), are shown graphically in Figure 3-2, along
with the maximum P sorption capacity estimated in section 3.2.2(8).

Depth of Horizon Used During Regulatory Site Life (inches): This cell calculates
the depth of each corrected soil horizon that has been filled to capacity with sorbed P
during the stipulated regulatory site life (section 3.2.1(3)).
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11. Total P Sorption (capacity) (Ib/acre): This cell calculates the total P sorption
capacity (at bmax) by summing all soil horizon values (on a Ib/acre basis) calculated as
described in section 3.2.2(8).

12. Site Life (years): This cell calculates the site life of the system by dividing the total P
sorption (capacity) (section 3.2.2(11)) by the annual P loading from wastewater
(section 3.2.2(4)).

13. Site Life Satisfy Regulatory Criterion? (Yes/No): This cell compares the stipulated
site life (section 3.2.1(3)) and calculated site life (section 3.2.2(12)). If the former is
greater than the latter, this cell yields a No response. If the latter is greater than the
former (i.e., that the calculated site life exceeds that required by regulatory interests),
then the cell yields a Yes response.

3.2.3 Sorption Phase | Sheet Graphical Outputs

The Sorption Phase | sheet has two graphic outputs associated with it, the P sorption maximum
site-life histogram (Figure 3-2) and the site life versus wastewater effluent P concentration Cyy
plot (Figure 3-3).

1. P sorption Maximum Site-Life Histogram: This histogram (Figure 3-2) has two
sets of bars on the x-axis. The blue bar on the left represents the maximum P sorption
capacity for the particular soil horizon in Ib/acre. The red bar on the right shows how
much of each soil horizon’s P sorption capacity has been utilized for the scenario
modeled. Figure 3-2 shows five soil horizons ranging in capacity from approximately
1,750 Ib/acre to approximately 3,750 Ib/acre. It also shows that only the top four
horizons are being utilized, the top three utilized to their capacity, and horizon four to
less than half of its capacity.

Phase I: Sorption Makx Site Life Scenario
4000
3500 - B Horizon P Sorption Capacity

g 3000 # Horizon P Sorption Utilized

1
E 2500
c 2000 -
2
‘é 1500 -~
o
» 1000 -
a

500 -

Soil Horizons (from top [1] to bottom [5])

Figure 3-2. Phase 1 sorption capacity utilization histogram.

2. Site Life Versus Wastewater Effluent Phosphorus Concentration Cy,,: This graph
(Figure 3-3) is created from a data table function and shows how changes in
wastewater effluent P concentration affect the predicted system site life. As Cyw
increases, a higher P loading rate results and the maximum sorption capacity is filled
sooner. This in turn results in a shorter site life.
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Phase I: Site Life of Drainfield vs. Cww
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Figure 3-3. Phase | site life of drainfield versus wastewater P concentration (Cyw).

3.3 Desorption Tool—Instructions for Use

As summarized above and shown in Figure 3-4, this tool makes a rough estimate of the mass of
P that might be desorbed from a drainfield after the installation has been decommissioned for a
given number of years. This mass of P can be compared to the remaining sorption capacities of
each lower soil horizon to determine how many inches of each horizon would be needed to
capture (sorb) the soil P that is desorbing from upper horizons. As presented in section 3.1(3),
this mass of P may be added to the sorbed P totals for either Phase | or Phase Il analyses.
Reasons for choosing to add or not to add are discussed in the footnote to section 3.3.1(4).

Capturing Desorbed P After Decommission of Drainfield

Time After Decommissioning 50|yr

Est. Annual Percolation 14|inches/acre

Est. Desorption Perc [P] 1|mg/L

P Loss for Decom Period 158.5|Ib/acre

Add Desorbed P to Total P Applied? (y/n) No

Which Phase to Add Desorbed P? Phase Il

Reserve Depth for Phase | Perc P Capture inches/acre |in avail. for desorp
Horizon 1 0.7 21.6
Horizon 2 0.5 0.9
Horizon 3 0.4 0.6
Horizon 4 0.3 0.8
Horizon 5 0.6 0.9

Figure 3-4. Phosphorus desorption estimating tool.

3.3.1 Desorption Tool Inputs

The following describes the input parameters for this sheet. As with the other sheets, cells used
for inputs are colored yellow.
1. Time After Decommissioning (years): Enter the number of years after the drainfield
decommissioning over which one wants to estimate the mass of P desorbed.

21



On-Site Setback Distance Determination

2. Estimate of Annual Percolation Rate (inches/acre): Enter an estimate of the
amount of percolate (leaching) that would be expected under natural or irrigated
conditions as the case may be, after decommissioning. Such an estimate may be
calculated by conducting a hydraulic balance for the area. See the instructions for the
hydraulic/nutrient balance sheet in the spreadsheet model described in wastewater
reuse system modeling instructions (DEQ 2009).

3. Estimated Percolate P concentration [P] Perc (mg/L): Enter an estimate of the P
concentration of the percolate. This parameter depends on many factors including pH,
soil texture and mineralogy, carbonate content, initial P content of the soil, infiltration
rate, elapsed time since start of infiltration, and conditions under which a particular
study was conducted. Zurawsky et al. (2004) studied drainfield P leachability in soils
both near infiltration zones (zone soils) and in soils at depth (~3 feet) below the
infiltration zones (deep soils). In tension saturated (field capacity) conditions, acid
soils yielded [P] ~0.01 mg/L for both zone and deep soils; neutral soils varied from
1.5 mg/L (zone) to 0.38 mg/L (deep); and calcareous soils varied from 6.5 (zone) to
2.2 (deep). Since P accumulated in zone soils, it might be thought that desorption
phenomenon at abandoned installations might yield [P] more reflective of deep soils.
McDowell and Sharply (2001, Figure 5) show that lysimeter drainage waters vary in
[P] from ~0 to 1.5 as soil test P (STP) varies from low to high (~10 to 600 mg-P/kg).
Parkhurst et al. (2003, Figure 7) conducted column studies with contaminated
drainfield sediments. As increased pore volumes of uncontaminated water pass
through contaminated sediments, desorbed [P] in eluent decreases from an initial
concentration of 0.77 mg/L to 0.15 mg/L and gradually decreases to <0.03 mg/L.
Lentz and Westerman (2001) observed percolate [P] in an agricultural setting ranging
from 0.1 to 2.0 mg/L, averaging 0.58 mg/L.

4. Add Desorbed P to Total P Applied (Yes/No): This input cell is a toggle switch,
either enabling or disabling the desorption function. This function estimates the mass
of P that would desorb over a given number of years after drainfield abandonment.
This toggle switch allows the user, when choosing Yes, to add this mass of P as a
lump quantity to the soil matrix so that it occupies a certain P sorption capacity of the
final amount of P added to the system. If the user chooses No, this estimated P
desorbed mass is not added to the total P applied to the system.*

5. Which Phase to Add Desorbed P: From the drop-down list, enter which operational
phase the desorbed P will be added to; either Phase | or Phase II.

3.3.2 Desorption Tool Outputs

1. Reserve Horizon Depths for Phase | Percolate P Capture (inches): This
calculation yields the number of inches in each soil horizon that would be necessary
to capture the mass of P that is estimated to be desorbed during the decommissioned
period. These calculations are based on calculated Langmuir bmax capacities.

1 The reason for not including desorbed P is to avoid double-counting applied and sorbed P. The desorbed P was applied once and sorbed on the
soil matrix. That same P, via desorption, is solubilized and translocated elsewhere in (or below) the soil profile. The reason for including the
desorbed P is determining whether enough sorption capacity is left in the soil matrix, below the depth where P sorption ceased during operation,

which can sorb and thus capture the desorbed P mass after decommissioning.
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2. Available Horizon Depths for Phase | Percolate P Capture (inches): The column
to the right of reserve horizon depths shows how many inches of each soil horizon
remain available for P sorption (i.e., that part of the soil horizon not having its
sorption capacity exhausted). These values are calculated as the difference between
corrected soil horizon depth (section 3.2.2(5)) and depth of horizon used (filled)
during site life (section 3.2.2(10)).

3.4 Phase II: Sorption/Percolate P C.q Estimator for On-Site
Drainfields—Instructions for Use

As summarized above, the Phase Il sorption/percolate-P Cq estimator for the on-site drainfield
tool estimates percolate P concentrations (Cp, or Ceq) throughout the operational period of the
drainfield. The longer the drainfield is in use the closer the C, approaches Cy. Percolate P
concentrations change in response to the amount of P that is sorbed, such that a given soil having
little sorbed P, will have a low equilibrium P concentration. Increasing the amount of P sorbed,
the soil will exhibit increasingly higher percolate equilibrium P concentrations until the soil
reaches that P sorption capacity that is at an equilibrium concentration equal to the effluent P
concentration (Figure 3-5). Since the percolate concentration changes over time, the time-
weighted average percolate concentration is calculated, and that value is used for ground water
mixing and contaminant transport calculations described in section 6.1 and following.

Changing percolate concentration as a result of increasing P sorption of the soil is best explained
by examining Figure 3-5.

Phase II: 0 (Theta) v. Equilibrium [P]
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Figure 3-5. Normalized Langmuir isotherm [Theta (8) versus C].

The x-axis in Figure 3-5 is the P concentration (Ceq) that is in equilibrium with a corresponding
amount of P sorbed on the soil (y-axis). The y-axis is a normalized scale—from 0 to 1—that
represents the fraction of the soil sorption capacity that is filled and is represented by the symbol
theta (0). If 6 = 0.5, this means 50% of the sorption capacity is filled. If 6 = 1, this means that
100% of the sorption capacity is filled—meaning that bmax has been reached. The curve on this
plot shows that the fraction of the bmax that is occupied by sorbed P (y-axis) increases as the
amount of P available for sorption increases. As the amount of P available for sorption increases,
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the Ceq, after the sorption reaction takes place, will also be higher, and this increase in Ceq is what
is seen on the x-axis. The theta curve in Figure 3-5 is calculated by utilizing Equation 3-1:

0 = KCeq/(l + KCeq) ii%l:re]\(tai;m 3-1. Normalizing the Langmuir

As will be discussed in section 3.4.1(2), this plot will be used in determining the C¢q of the
system during its operational life for purposes of determining a percolate concentration that will
then serve as an input into the ground water mixing and contaminant transport part of the model.
After the percolate mixes with ground water, the constituents in the mixed percolate/ground
water subsequently undergo advection and dispersion along the ground water flow path and
presumably attenuate to an acceptable ground water P concentration at distance downgradient
from the source. The following is an example of how this plot would be used in a Phase 11
analysis.

A facility treats an effluent with a [P] of 9 mg/L, and it operates for 30 years. At, or sometime
before, the end of its operational life, the percolate concentration (Ceq Or C,) comes to an
equilibrium of 9 mg/L (in this case the same concentration as the effluent). Reading up from the
value of 9 on the x-axis shows a 0 value of ~ 0.75. If the byax Value is 100 mg-P/kg soil, then the
sorption capacity at this equilibrium concentration is 0.75 * 100 = 75 mg-P/kg. It is assumed—
and this is the fundamental assumption in the Phase 11 analysis—that the operational site life
will determine the amount of P sorbed (i.e., the fraction of bnax utilized) and the amount of P
sorbed will in turn determine the eventual percolate concentration.

Figure 3-6 provides the Phase 11 sorption/percolate-P Ceq estimator for on-site drainfields.

Phase II: Sorption / Percolate-P Ceq Estimator for On-site Drainfields

Operation Period under Phase |l Assumptions (years) 20

Operation Period under Phase Il Assumptions (re-enter above value) 20 Sorption Multipliers

Time-Weighted Percolate [P] (mg/L) over Op Period 0.21 1.5|Estimate 5 d results from 1 d test

Maximum Percolate [P] (mg/L) over Op period 0.645 (1.5 recommended)

Enter Time-Weighted or Maximum Percolate [P] -> 1.71 1.5|Est of long term sorption from 5 d test

(1.5 recommend)

2.25|Composite Sorption Multiplier

Soil Parameters Horizon 1 |Horizon 2 Horizon 3 Horizon 4 Horizon 5

Isotherm Best Fit Choice Langmuir Freundlich  |Freundlich Freundlich  |Langmuir

(d) corrected horizon depth avail (inches) 0.0 30.2 30.0 20.0 3.0

(C/(x/m) Langmuir y axis (L/mg) 0.014551| 0.0088675| 0.0142125| 0.0063255 0.0172995

(b) P Sorption (Langmuir) (mg/kg) 100 164 102 229 84

(b) P Sorption (Freundlich) (mg/kg) 84 127 207 191 81

P Sorption Capacity per acre (Ib/ac) 0 1247 2029 1249 82

P Sorbed Ib/ac 0 1247 2029 1249 82

Depth of Horizon Utilized (inches) 0.0 30.2 30.0 20.0 3.0

Total P Sorption (Ib/ac) 4607

Operating Time (years) till Max Perc [P] is reached 18.9

Figure 3-6. Phase Il sorption/percolate P concentration (Ceq) estimating tool for on-site drainfields.

3.4.1 Sorption Phase Il Sheet Inputs and Outputs

The following describes the input parameters for this sheet. As with the other sheets, cells used
for inputs are colored yellow. It will be noted at the outset that all of the output cells in the Phase
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Il analysis have the same definitions as those in the Phase | analysis, and their calculated values
are carried from the Phase | to the Phase Il analysis. Certain cell values that are inputs to the
Phase | analysis—effluent wastewater P concentration (Cyw), Soil bulk density (Dy), coarse
fragment content, and observed soil horizon depths—are utilized in the Phase Il analysis since
these parameter values do not change with Phase | or Phase 11 analyses.

Two input cells in the Phase I analysis—the sorption multipliers— remain as input cells in the
Phase Il analysis. This allows the modeler the flexibility to choose different multipliers for either
Phase | or Phase Il analyses, if necessary.

There are three additional input parameters in the Phase Il analysis, Phase Il operation period,
percolate [P], and isotherm form. These parameters are described below:

1. Operation Period under Phase Il Assumptions (years): Enter the expected time
that this drainfield will be in operation. This input reflects the regulatory agency’s
expectation as to how long the drainfield installation should effectively sorb the P
loading from wastewater under Phase Il sorption conditions/capacities. It may be
decided that the site life will be split between Phase | and Phase Il operation. For
example, it may be allowed for an installation to operate for 10 years under Phase I
sorption capacities, and then for 20 years at Phase Il capacities (totaling 30 years). If
this is the case, then one would enter the remaining years (e.g., 20 years) that
operation is expected under Phase Il parameters. If Phase | is bypassed (by entering
zero, see section 3.2.1(3)), then enter the regulatory site life here (e.g., 30 years). Re-
Enter Operation Period under Phase Il Assumptions (years): Re-enter the value
entered in 1 above (in order to avoid a circular reference in data table functions).

2. Percolate [P] (i.e., Cp) Selected for Ground Water Mixing and Contaminant
Transport Calculations (mg/L): Enter the percolate [P] (i.e., Cp) that will be used in
ground water mixing and contaminant transport calculations as described in section
6.1 and following. Output cells (described below) provide two recommended values.
The first is a time-weighted average percolate concentration value. This is an average
of all the equilibrium percolate P concentrations that have been generated by the
system for the operation period input above, based on the amount of time that the
percolate was at a given concentration. The second value provided is the maximum
percolate P concentration that resulted during the operation period. The time-
weighted value may better express the dynamic nature of the percolate quality and
gives credit to the sorptive capacity of the soil to mitigate and reduce P loss.

3. Isotherm Best Fit: Choose from the drop-down list either a Langmuir or a
Freundlich isotherm to use in calculating P sorption capacity for each horizon under
consideration. To make this choice, the modeler must examine the isotherm plots on
the Isotherm sheet (section 2.2.3, Figure 2-2, Figure 2-4, and Figure 2-5) for each
horizon being considered. Those plots will help determine which of the isotherms is
the better fit to the raw data at the particular Ceq range being considered. The
concentration range under consideration is typically governed by the effluent
concentration. For example, if the effluent concentration is 9 mg-P/L, the range under
consideration would be from 0 to 9 mg-P/L. Note that for the Phase | analysis no
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isotherm choice is provided. This is because only the Langmuir isotherm with its
ability to calculate a bmax is utilized.

3.4.2 Sorption Phase Il Sheet Outputs

The Sorption Phase 11 sheet has two outputs associated with it, not otherwise defined in Phase |
descriptions:

1. Time-Weighted Percolate [P] (Ceq) over the Operational Life (mg/L): This is the
calculated time-weighted percolate [P] (Ceq) that will result over the operational life
of the facility. See the explanation in section 3.4, introduction and in section 3.4.1(2).

2. Maximum Percolate [P] (Ceq) over the Operational Life (mg/L): This is the
calculated maximum percolate [P] (Ceq) that will result over the operational life of the
facility. See the explanation in section 3.4, introduction and in section 3.4.1(2).

3.4.3 Sorption Phase Il Sheet Graphical Outputs

The Sorption Phase I sheet has two graphic outputs associated with it:

e The Phase Il soil horizon P sorption capacities and utilization for the selected operational
life (Figure 3-7)
e P percolate concentration (Ceq) maximums and time-weighted values throughout the site
operational life (Figure 3-8).
1. Phase Il Soil Horizon P Sorption Capacities and Utilization for Selected
Operational Life: This histogram, like the Phase I graphic, has two sets of bars on
the x-axis, the blue and red bar representing the P sorption capacity, and the P
sorption capacity utilized respectively (in Ib/ac). Both of these values are determined
for each soil horizon for a selected operational life under Phase Il assumptions. The
operational life determines the particular Ce, that will develop over the operational
life, and the C¢q, as discussed in section 3.4, introduction, will reflect the mass of
sorbed P in the soil. That being the case, both the P sorption capacity (blue bar) and
the P sorption capacity utilized (red hatched bar) will be identical (i.e., the predicted
and utilized capacities are the same). Figure 3-7 shows five soil horizons ranging in
capacity from ~950 Ib/acre in the upper horizon to ~320 Ib/acre in lower horizons.

Phase Il: Soil Horizon P Sorption Capacities and Utilization for Operational Life
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Figure 3-7. Phase Il soil horizon P sorption capacities and utilization for selected operational life.
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2. Phosphorus Percolate Concentration (Ceq) Versus Operational Life: This graphic
(Figure 3-8) shows how the percolate P concentration (Ceq) changes during the
operational life of the drainfield. This phenomenon is shown in Figure 3-5. As the
proportion of the sorption capacity is filled, or as 6 increases (y axis), the equilibrium
concentration (Ceq) increases. Thus, as the facility is operated throughout its
operational life, there is a calculated increase in Ceq, shown in the blue solid line in
Figure 3-8. If the facility is operated long enough, there will come a time when the
predicted equilibrium concentration (Ceq) Will reach that of the effluent (Cww). At that
point, the C¢q cannot become greater than the Cy, , the amount sorbed to the soil will
not increase, and the Ceq Will plateau, as is seen in Figure 3-8.

The red dashed line in Figure 3-8 is labeled time-weighted C.,. For every year that the
facility is in operation, a Ceq is calculated that will reflect—not the maximum as in
the blue line—a value that consists of an average of the concentrations that the
facility has been discharging, weighting them on a time basis. A time-weighted
calculation is thought to be more representative than the maximum percolate
concentration that the facility has been discharging over the operational life. The
modeler may then select from either of these values to represent the percolate
concentration in the ground water mixing/contaminant transport model.

Phase lI: P Percolate Conc (Ceq) v. Operational Life

10
_ 8 -
3. /
£ / -
§2 /4,”—
‘—-—"’:r"/—'—”
0 - - T T T T T )

0 5 10 15 20 25 30 35
= = Time-Weighted P Ceq = === Maximum P Ceq

Figure 3-8. Phase Il site life of drainfield versus maximum and time-weighted equilibrium [P] (Ceg).
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4. Drainfield Sheet

4.1 Description

The Drainfield sheet is shown in Figure 4-1. It contains all the input parameters and outputs
pertinent to the design and proposed operation of the on-site system being modeled. The inputs
pertain primarily to wastewater flow, soil type, setback distances, and drainfield geometry and
orientation. Certain critical outputs (i.e., outputs that are compared with allowable limits) include
flow to drainfield, and ground water concentration at the discharge point to surface water.

Drainfield configurations are limited to pressurized dispersal areas installed as shallow as
possible in the soil column. The two acceptable pressurized dispersal configurations include drip
dispersal systems and capping fill trenches. Drip dispersal places the effluent in the plant’s root
zone, providing nutrient uptake to help limit phosphorus transport to the aquifer. It should be
noted that no credit for nutrient uptake by plants is allowed in the model, or will be granted on
the installation permit, because it is not feasible to regulate harvested vegetative materials above
a residential subsurface disposal system (e.g., the homeowner may mulch the grass and DEQ
cannot require lawn clipping removal from the property). Additionally, placement of the effluent
this high in the soil column maximizes the soil available for sorption. Finally, using a pressurized
dispersal system ensures that the effluent will be dispersed evenly over the entire drainfield
during each dosing event. Capping fill trenches also provide these attributes but may not support
plant nutrient uptake as well as drip dispersal systems can. Reference to one dispersal area
configuration does not preclude use of the alternative configuration.

Drip dispersal systems are documented in the TGM, chapter 4. The area requirements depend
upon the soil classification and the number of bedrooms in the home. Furthermore, to maximize
the available soil and ensure that the drainfield undergoes periodic wetting and drying, which
enhances the phosphorus sequestration, both primary and replacement dispersal fields will be
required to be installed if a reduced separation distance to surface water is being
assessed/requested. Additionally, primary and replacement dispersal fields may be increased in
size to provide additional phosphorus sorption sites, since IDAPA 58.01.03.008.03 specified
drainfield area is a minimum value. No matter what the proposed drainfield ends up looking like,
the model must reflect the proposed system configuration.

A drip dispersal field for a 4 bedroom (300 gallons per day [gpd] wastewater) home located on a
type B-1 soil (0.6 gpd/ft?) will require 1,000 ft* for the distribution area. This amount of area is
arrived at using Equation 4-1:
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Area = (300 GPD) = (2 dispersal fields)/(0.6 GPD/ft?) = 1,000ft?>  Equation 4-1. Calculation
of drip dispersal field

area.

Drainfield coverage is ensured due to the requirement that the drip lines are placed 2 feet on
center across the entire drainfield. Drip dispersal field construction requirements are fully
described in the TGM, Section 4.7, Drip Distribution System.

On-Site Drainfield Inputs
Enter Inputs in Yellow Cells. 'Critical' Calculation Results Appear in Blue Cells
Go to Transport Inputs and Enter Parameters

Project Description > Martin Subdivision, Lot 5, Twin Falls ID

Date > 6/13/2013 15:44

Parameter Units Value Comments

Soil Class none B-2[Martindale 9/2011 (AJ Dwngrd from B-2)
Residential (select # of bedrooms) / Commercial (select 86) none 4|{Martindale 9/2011

Select System Type none Drip Eligible for P setback reductions

WW flow to drainfield (Minimum Required) gpd 300(Don't overwrite cell

WW flow to drainfield gpd 300({per TGM

Required Setback to Surface Water ft 200({Don't overwrite cell

Proposed Setback to Surface Water ft 196|Assume this value

Minimum Drainfield Area (primary + replacement drainfields) ft2 1333|Don't overwrite cell

Drainfield Area Proposed ft2 1400(Martindale 9/2011 (AJ 20x30 -> 26x36)
For Drip Enter Zero in Cell D21 ft2 O[Adjacent area required for Cap and Fill
Width of Entire Drainfield Perpendicular to GW flow ft 70|Site map geometry

Required WW Application Rate (gpd/ft2) gpd/ft2 0.45

Modeled WW Application Rate to Trench gpd/ft2 0.21

Flow Criteria Check gpd per ft2 trench -> Meets gpd/ft2 Criterion

Drainfield Area ft2 1400

Ground Water Setback Calculations

Ground Water Velocity (mean Kh) ft/d 2.4

Grnd Water Time of Travel to Setback distance (yr) yr 0.22

Grnd Water Time of Travel to Setback distance (d) d 80

Ground Water [P] Selection: Max [P] gw or Depth Weighted  |none Max Conc

Surface Water Type none stream/river

Depth / Distance Weighted [P] mg/L 0.070

GW [P] Max Conc Disch to Surface Water - mg/L 0.150(|Use Mean Kh value

Selected [P]g,, value mg/L 0.150

Ground Water [P] Acceptibility Acceptible: [P] less than limit

Figure 4-1. Drainfield data input sheet.

4.1.1 Drainfield Sheet Inputs

The following describes the input parameters for the Drainfield sheet. As with the other sheets,
cells used for inputs are colored yellow with red font.
1. Soil Class: The soil class is entered from a drop-down list of choices that are limited
to those soil classes defined and listed in the TGM, section 2.1.2, Table 2-4.
2. Residential/Commercial: Select the residence’s number of bedrooms from the drop-
down list, from 1 to 6 bedrooms. If the facility is a commercial operation, or a Large
Soil Absorption System (LSAS), select 86.
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. Select Drip/Cap and Fill/Gravity: As discussed in section 4.1, only pressurized
systems (drip or cap and fill) are considered for setback variances based on P loading.
The gravity option is retained as a selection only for the evaluation of existing
systems (i.e., for case-study purposes or other site-specific analyses). A drip selection
directs one to insert a value of zero for recommended adjacent area. A cap and fill
selection directs one to insert a value for required adjacent area. The minimum
dispersal area for trenches includes only the trench bottom infiltrative area. Since
trenches must be placed no closer than 6 feet apart, this additional area must be
accounted for when a cap and fill drainfield configuration is selected. This adjacent
area is typically two times the minimum dispersal area requirement.

. Wastewater Flow to Drainfield (Minimum Required) (gpd): The value appearing
in this cell is not entered but is retrieved from a lookup table based upon the number
of bedrooms entered in section 4.1.1(2) (IDAPA 58.01.03.007.08). If commercial,
numerical value 86, is chosen, a TBD appears in this cell. Commercial should also be
selected if the system is a LSAS.

. Wastewater Flow to Drainfield (Proposed) (gpd): Enter the proposed flow rate for
the scenario being modeled. The recommended rate appearing in the cell above
should be consulted when making this choice. Flow rates that deviate from IDAPA
58.01.03.007.07 specified minimums appearing in the cell above must be justified.
All commercial and LSAS flows should be arrived at using the flows listed in IDAPA
58.01.03.007.08, unless justification is provided from flows that are significantly
different. All flows differing from IDAPA 58.01.03.007 will be reviewed and
approved/rejected by DEQ during the assessment of the model’s results.

Required Setback Distance to Surface Water (feet): The value appearing in this
cell is not entered but is retrieved from a lookup table based upon the soil class
(TGM, section 2.2.2, Table 2-8) entered in section 4.1.1(1).

Proposed Setback Distance to Surface Water (feet): Enter the proposed setback
distance for the scenario being modeled. The recommended distance appearing in the
cell above (section 4.1.1(6)) should be consulted when making this choice. The
distance entered should represent the shortest horizontal distance from the adjacent
surface water to the distribution field’s perimeter. In no instance shall the separation
distance between the drainfield and the surface water be less than 100 feet.
Minimum Drainfield Area (primary + replacement drainfields) (ft®): The value
appearing in this cell is not entered but is calculated by dividing the proposed
wastewater flow entered in 4.1.1(5) by the Long-Term Application Rate (LTAR)
affiliated with the soil class entered in 4.1.1(1) and then doubling the area due to the
requirement that both pressurized distribution fields are installed during initial
construction. Both drainfields must be utilized upon placing the system into service.
This use will allow the undosed areas within the drainfield a longer drying time
between doses, which will assist with phosphorus adsorption.

Drainfield Area Proposed (ft?): Enter the proposed trench area for the scenario
being modeled. The recommended area appearing in the cell above (section 4.1.1(8))
is IDAPA 58.01.03.007 required minimum area to be designated for drainfield use.
The proposed drainfield area must equal or exceed the recommended drainfield area
in order to properly assess a suitable surface water setback reduction. Current IDAPA
58.01.03.007 requirements are minimum values. Increasing the drainfield size to
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obtain more phosphorus adsorbing soil in order to obtain a setback reduction is
acceptable. Additional drainfield area, once designated for surface water setback
distance reduction, cannot be utilized to accommodate increases in future wastewater
flow from the structure.

10. Width of Entire Drainfield Perpendicular to Ground Water Flow (feet): Enter
the total width of the pressurized drainfield area perpendicular to ground water flow.
A representative pressurized drainfield configuration designed for installation in a
type A soil is provided in Figure 4-2. This input in part determines the cross-sectional
area of ground water discharge and thus the flow of ground water (Qqw) that is used in
mixing and contaminant transport calculations. The lower this input is, generally the
higher the calculated mixed ground water concentration (Cnix) iS; S0, if either the
ground water flow direction or installation orientation is not known, the conservative
assumption would be to input the lesser of length or width of the installation.

Typical Drip Distribution Field configurations for a 4 bedroom home installed in type A soil.

Type A soil: 1.0 GPD/ft? Drip

7 Distribution

Distribution é | jTes
Manifold o, P

Zone ‘
Valve

Drip

Laterals
on 2 foot ‘ [
centers

Return

Manifold H 100 ‘ 10° ’¥

Figure 4-2. Typical drip distribution field geometry.

4.1.2 Drainfield Sheet Calculated Outputs

1. Required Application Rate to Field (gpd/ft?): The value appearing in this cell is
retrieved from a lookup table based upon the soil class (TGM, section 2.3, Table 2-9)
entered in section 4.1.1(1).

2. Modeled Application Rate to Field (gpd/ft?): This is a calculation based upon the
entered effluent flow (section 4.1.1(5)) divided by the entered drainfield area (section
4.1.1(9)).

3. Flow Criterion Check: This output compares the required application rate (section
4.1.2(1)) to the calculated rate (section 4.1.2(2)) for the proposed scenario. If the
calculated rate is equal to or less than the required rate, the adjacent cell format
becomes green and the cell indicates that an acceptable rate is proposed. If the
calculated rate is above the required rate, the adjacent cell format becomes red and
the cell indicates that an unacceptable rate is proposed.

4. Drainfield Area (ft%): This value is the sum of the Drainfield Area Proposed and the
Adjacent Area Proposed. This area is used in the Ground Water Transport sheet
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10.

11.

12.

13.

(section 6.1) to derive a length of the site along the ground water flow path that is in
turn used in the calculation of the mixing zone depth.

Ground Water Velocity (mean Ky,) (ft/d): This output is calculated using the mean
Kn value of the range of Ky, input in the GW Transport sheet (section 6.2.1.1(8)). This
velocity is utilized to calculate aquifer travel times (in both years and days) to the
proposed setback distance. The calculated time is used as one of the options in the
selection of time elapsed from the commencement of drainfield operation. The other
options, calculated in the GW Transport sheet (section 6.2.1.2(6)) include designated
site life, infinite time, or other specified time span.

Ground Water Time of Travel to Setback Distance (years): This calculation is
made by dividing the setback distance entered in section 4.1.1(7) by the ground water
velocity calculated in section 4.1.2(5), and expressed in years.

Ground Water Time of Travel to Setback Distance (days): This calculation is
made by dividing the setback distance entered in section 4.1.1(7) by the aquifer
velocity calculated in section 4.1.2(5), and expressed in days.

Ground Water P Concentration Selection—Maximum or Weighted: This cell
shows which ground water concentration was selected in the Surface Water Mixing
sheet to be utilized in mixing calculations. See section 5.2.1(9) for further discussion.
Select Surface Water Type: This cell shows which surface water type was selected
in the Surface Water Mixing sheet between one of the two choices: streams and
rivers, or lakes and reservoirs. For further discussion, see section 5.2.1(9) and section
5.3.1(13).

Depth/Distance Weighted [P]: See explanation of this depth and distance weighting
of the ground water P concentration in the cross-sectional area of discharge in section
5.2.1(9). The calculated value of the depth and distance-weighted P concentration
appears here.

Ground Water [P] Maximum Concentration Discharge to Surface Water
(mg/L): This calculation is made using Domenico equations. The calculation yields
the value at the top of the water table at the point of concern specified in the GW
Transp sheet (section 6.2.1.2(1)). The point of concern is (generally) set at x =
setback distance, y = 0 (the plume centerline), and z = 0 (the top of the water table).
Selected [P]qw Value: The value of either the depth and distance weighted [P]qw OF
the maximum [P]qw appears here depending on what option was selected in the input
described in section 5.2.1(9) or section 5.3.1(13)

Ground Water [P] Acceptability: This output compares the maximum ground water
P concentration allowed (input in the GW Transport sheet, section 6.2.1.1(7)) to the
modeled concentration at the setback distance for the proposed scenario. If the
calculated concentration is equal to or less than the allowable concentration, the cell
format becomes green and the cell indicates that an acceptable modeled concentration
can be achieved at the setback distance. If the calculated concentration is above the
allowable concentration, the cell format becomes red and the cell indicates that an
acceptable modeled concentration cannot be achieved at the setback distance and the
cell indicates that an unacceptable concentration is predicted.
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5. Surface Water Mixing Sheet

5.1 Description

The Surface Water Mixing sheet calculates both mass discharge of P from ground water into a
surface water body as well as instream mixed concentration of P from ground water discharging
into a surface water body. A limit for either a mass discharge or instream mixed concentration is
set and the modeled output is compared to the set limit to determine acceptability of the modeled
scenario. There are two areas on the sheet, one for rivers and streams, and another for reservoirs
and lakes. This is due to the two types of water bodies each requiring different approaches and
assumptions associated with discharge and mixing calculations.

5.2 Surface Water Mixing Sheet—Streams and Rivers

The following describes the input parameters for the Surface Water Mixing sheet—Streams and
Rivers, which is shown in Figure 5-1. As with the other sheets, cells used for inputs are colored
yellow with red font.

Project Description -------------=------------" > General Model Development Copy
Date > 2/15/2012 14:14
‘Select Surface Water Type -> ‘stream/river

Surface Water Mixing - Stream /River
Parameter Abbreviation Value Comments/Notes
Surface Water Inputs - Stream / River Spkn R. USGS 12419000 SPOKANE RIVER NR POST FALLS ID
Depth of Stream (ft) d 15
Flow - [30Q5] or [M30D5Y] cfs 30Q5 844
Optional Custom Flow (if needed) - 345
Upstream [P] (mg/L) C(sw) 0.0090000| http://nwis.waterdata.usgs.gov/id/nwis/qwdata/?site_no=12419000&agency_cd=USGS&inventory_output=08&r(
Allowable limit [P] to sw from this source C(sw-allowed) 0.0090050
Allowable mass flux from this source lb/yr m(sw-allowed) 3|mijc value arbitrary
Mixing Zone Calculation
GW Discharge Width (ft) w 90|From inspection of plume width plot - calculated
GW Discharge Area (ft"2) A 1350
GW Flow (ft"3/d) Qgw 4455
GW Flow (cfs) Qgw 0.0516
Select Either the Max [PJgw or Depth Weighted  |Selection Weighted Conc |By selecting 'Weighted Conc', a [Plgw is calculated that is weighted by depth (see vertical profile plot) and by plume width profile at Setback (
Depth / Distance Weighted [P]gw 0.208
Selected [P]gw value [Plgw 0.2082
Mixing [P] - Flow [30Q5] Cmix - 30Q5 0.0090122
Mixing [P] - Optional Custom Flow - 0.0090298
Mass Loading (Ibfyr) M(sw) 0.83|Meets P Loading Limit

Figure 5-1. Surface water mixing data input sheet—streams and rivers.
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5.2.1 Streams and Rivers Inputs

1. Select Surface Water Type: Select from the drop-down list in the top center of the
sheet (Figure 5-1) one of the two choices: streams and rivers, or lakes and reservoirs.
Enter streams and rivers. The top area of this sheet will prompt the user to enter data
and observe outputs from the Streams and Rivers portion of the sheet and ignore
those in the Lakes and Reservoirs portion of the sheet.

2. Surface Water Inputs—Stream/River: Enter the name, or segment, of the stream or
river being modeled. In the Comments cell to the right, enter documentation for the
parameter selection, such as particular stream identification numbers, website
locations of information obtained, etc. At the outset, it should be determined whether
this water body is a gaining or losing stream (i.e., whether ground water is
discharging into the stream, or whether the stream is discharging to ground water).
Keep in mind this property of a stream may be seasonal. If the stream is a losing
stream, there will be no mixing of ground water with surface water at any time of the
year, and completion of the Surface Water Mixing Sheet is not necessary.

3. Depth of Stream (feet): Enter the maximum depth of the stream at low flow (30Q5)
conditions (section 5.2.1(4)). The depth of the stream defines the depth dimension of
the portion of the discharging ground water plume to be used in mixing calculations.
For example, if the ground water contaminant plume is 22 feet deep at the surface
water boundary, but the stream is only 15 feet deep, only the upper 15 feet of the
discharging ground water plume will be used in mixing calculations. The remainder
of the plume is assumed to bypass the surface water body and is not used in mixing
calculations. It must be noted that ground water flow to a stream described here is
greatly simplified and is likely much more complicated and beyond the scope of this
document to discuss. A site visit during low flow conditions may be required to
determine the appropriate depth.

4. 30 Q5 Flow cubic feet per second (cfs): Enter the low annual stream flow rate for
the period of record that is representative of the scenario being modeled. The 30Q5
flow rate represents the 30-day average low flow based upon a 5-year recurrence
period. This flow rate will be used in calculating the instream ground water/surface
water mixing P concentration and will (most likely) yield more conservative (higher)
mixed concentration values than average flows. Generally, but not always, 30Q5
conditions occur in the late summer or fall. Values for 30Q5 flows may be found by
utilizing the United States Geological Survey (USGS) StreamStats utility (Hortness
2006) found at the following website: http://water.usgs.gov/osw/streamstats/

The United States Environmental Protection Agency (EPA) program DFlow will
generate other flows such as 30Q10 (which may be close enough for modeling
purposes) at a stream gage site but does not generate 30Q5 flow statistics. See the
following website: http://water.epa.gov/scitech/datait/models/dflow/index.cfm

5. Optional Custom Flow (cfs): If another flow scenario besides the 30Q5 scenario is
desired, this flow can be entered here. Provide justification and information source in
the Comments/Notes cell.

6. Upstream P concentration (mg/L): Enter an estimate of the upstream P
concentration for low (30Q5) flow conditions and for the period of record that
represents the scenario being modeled. Sources of these data include EPA Storet

34


http://water.usgs.gov/osw/streamstats/
http://water.epa.gov/scitech/datait/models/dflow/index.cfm

On-Site Setback Distance Determination

Database at http://www.epa.gov/storet/dbtop.html, USGS National Water Information
System (NWIS) at http://waterdata.usgs.gov/nwis, and local data that may not be in a
database or accessible online, including discharge monitoring reports and consultant
reports. Document the source of this information in the Comments/Notes cell.

7. Allowable Instream Mixed [P] (mg/L): Enter the instream P concentration limit that
is allowed during the time period of the low-flow conditions specified in section
5.2.1(4) (e.g., late summer or fall, growing season, etc.). This value will be compared
to the mixed concentrations modeled to determine whether the limit would be met in
the modeled scenario. For narrative criteria for excess nutrients and oxygen-bearing
materials, see IDAPA 58.01.02.200.06 and 07.

8. Allowable Mass Flux (Mass Loading) of P into Stream (lb/year): Enter the
allowable mass flux (mass loading) of P that is allowed during the time period of the
low-flow conditions specified in section 5.2.1(4) (e.g., late summer or fall, growing
season, etc.). This value will be compared to the mass loading values modeled
(section 5.2.2(9)) to determine whether the limit would be met in the modeled
scenario. The basis for this limit may be derived from a total maximum daily load
(TMDL) completed for the water body, or other basis.

9. Ground Water P Concentration Selection—Maximum or Weighted: This drop-
down list allows the user to specify which ground water concentration to be utilized
in mixing calculations. By selecting Maximum Conc, the maximum ground water
concentration at the point of discharge to surface water is used. This concentration is
that at the top of the water table and on the plume centerline. By selecting Weighted
Conc, a concentration is calculated that attenuates the maximum concentration in two
ways. First, the concentration is depth-weighted, meaning an average concentration
(rather, an attenuation factor) is calculated for the entire vertical gradient from the top
of the water table to the depth of the stream. Second, since the ground water
concentration decreases as a function of the distance away from the plume centerline,
an attenuation factor is calculated for this also. The maximum concentration is
modified by these factors in order to arrive at an estimate of the concentration in the
entire cross-sectional area of the ground water plume that is discharging to surface
water.

5.2.2 Streams and Rivers Outputs

1. Ground Water Plume Discharge Width (feet): The width of the P plume at the
ground water discharge point to surface water is calculated and the value appears
here. This width can be visually determined by inspecting Plot #3 in the All Plots
sheet (Figure 5-2). This plot shows the ground water P concentration from the plume
centerline laterally until it reaches background levels. The lateral distance calculated
is doubled since the plume is on both sides of the plume centerline.
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Figure 5-2. Ground water plume discharge width at setback distance.

2.

Ground Water Discharge Area (ft?): The value appearing in this cell is the product
of the ground water plume width (section 5.2.2(1)) and the stream depth (section
5.2.1(3)). This is the cross-sectional area of ground water discharging into the stream.
Ground Water Flow (Qgw) into Surface Water (ft*/day): This calculation is the
product of the mean hydraulic conductivity (Ky), the hydraulic gradient (i), and the
cross-sectional area (A), or, Qgw = KniA.

Ground Water Flow (Qgw) into Surface Water (cfs): This is the same as section
5.2.2(3) except expressed in cubic feet per second.

Depth/Distance Weighted Ground Water P Concentration (mg/L): See
explanation of this depth and distance weighting of the ground water P concentration
in the cross-sectional area of discharge in section 5.2.1(9). The calculated value of the
depth and distance weighted P concentration appears here.

Selected Ground Water P Concentration (mg/L): Depending on whether
Maximum or Weighted was selected in section 5.2.1(9), the maximum ground water
P concentration value, or the weighted value (section 5.2.2(5)) appears here and is
used for further mixing and mass discharge calculations.

Instream Mixing P Concentration—Low Annual [30Q5] Flow (mg/L): Appearing
here is the calculated mixed concentration of the low annual stream flow and
concentration with the discharging ground water flow and concentration. The cell to
the immediate right shows the result of the comparison with the P concentration limit
set in section 5.2.1(7). If the calculated value is less than or equal to the limit, the cell
format turns green and the statement, Meets [P] Limit, appears. If the calculated value
exceeds the limit, the cell format turns red and the statement, Does not Meet [P]
Limit, appears.

Instream Mixing P Concentration—Custom Flow Conditions (mg/L): Appearing
here is the calculated fully mixed concentration of the high annual stream flow and
concentration with the discharging ground water flow and concentration. The cell to
the immediate right shows the result of the comparison with the P concentration limit
set in section 5.2.1(7). If the calculated value is less than or equal to the limit, the cell
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format turns green and the statement, Meets [P] Limit, appears. If the calculated value
exceeds the limit, the cell format turns red and the statement, Does not Meet [P]
Limit, appears.

Mass Loading of P to Stream (Ib/year): This value is the mass of P discharging into
the stream from ground water through the cross-sectional area previously determined
(section 5.2.2(6) and section 5.2.2(2)). The cell to the immediate right shows the
results of the comparison with the P mass loading limit set in section 5.2.1(8). If the
calculated value is less than or equal to the limit, the cell format turns green and the
statement, Meets [P] Loading Limit, appears. If the calculated value exceeds the limit,
the cell format turns red and the statement, Does not Meet [P] Loading Limit,
appears.

5.3 Surface Water Mixing Sheet—Lakes and Reservoirs

The follow

Reservaoirs,

colored yel

ing describes the input parameters for the Surface Water Mixing sheet—Lakes and
which is shown in Figure 5-3. As with the other sheets, cells used for inputs are
low with red font.

Surface Water Mixing - Lake / Reservoir

Lake/Res [P] (mg/L)

Parameter Abbreviation Value Comments/Notes
Surface Water Inputs - Lake/Reservoir Lakewood Cove |Martindale 9/2011
Shoreline Gradient into Lake/Reseroir degrees 12|mjc - assumed
Depth of Lake/Res - Recommended ft 23.4|<----Recommended Value. Do not overwrite.
Depth of Lake/Res in Mixing Area (ft) d 1.6 |http://www.fyinorthidaho.com/lake_river_facts
Area of Lake/Reservoir (acres) A(L/R) 150|assume S. half of Windy Bay is 700" x 9,300' = 6,510,000 = 150 acres
Fraction of Lake/Res Area for Mixing A(f) 0.10(0.10 required value by DEQ rule
Approx # of Onsite Systems near Lake Syst(os) 33|Martindale map shows ~20 systems on 1,500' shoreline; 124 systems along 9,300 ft
Lake/Res Annual Turnover Rate R(t) 1|i.e. number of lake volumes displaced per year
Lake/Res Mixing Volume (ft3) Q(sw) 31680

Allowable limit [P] to sw from this source  |C(sw-allowed) 0.020|mjc arbitrary
Allowable mass flux from this source Ib/yr m(sw-allowed) 2|mic arbitrar:

0.0155|DEQ, Nov 22, 2000, p. 42 (for Lower Twin Lk; need to locate source for Lake CDA data)

Mixing Zone Dimensions in Lake / Res (areal)|

Distance into Lake / Res (ft) L 220
Mixing Zone Calculation
GW Discharge Width (ft) w 90|Also assumed to be the Shoreling Width (ft)
GW Discharge Area (ft"2) A 144
GW Flow (ft"3/d) Qow 4455
GW Flow (ft3/yr) Qaw 1626075
Select Either the Max [P]gw or Depth Weighted | Selection Weighted Conc |By selecting 'Weighted Conc', a [P]gw is calculated that is weighted by depth (see vertical profile plot) and by plume width profile at Setback |
Depth / Distance Weighted ]P] Plagw 0.222
Selected [P]gw value [Plgw 0.222
Mixing [P] Cmix 0.21792
Mass Loading to Lake / Res (Ib/yr) M(sw) 2.22
Figure 5-3. Surface water mixing data input sheet—lakes and reservoirs.

5.3.1 Lakes and Reservoirs Inputs

1.

Select Surface Water Type: Enter from the drop-down list in the top center of the
sheet (section 5.2.1(1) and Figure 5-1) one of the two choices: streams and rivers, or
lakes and reservoirs. Enter lakes and reservoirs. The top area of this sheet will prompt
the user to enter data and observe outputs from the Streams and Rivers portion of the
sheet and ignore those in the Streams and Rivers portion of the sheet.

Lake or Reservoir: Enter the name, or subarea such as a bay, of the lake or reservoir
being modeled. In the Comments cell to the right, enter any other documentation for
the parameter selection, such as particular identification numbers, website locations
etc. At the outset, it should be determined whether this water body (hereafter referred
to as lake for convenience) is a gaining or losing water body (i.e., whether ground
water is discharging into the lake, or whether the lake is discharging to ground water).
If the lake is a losing body, there will be no mixing of ground water with surface
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water and the basic assumption of the Surface Water Mixing Sheet is not satisfied,
and no ground water/surface water mixing or mass loading can be calculated. Do not
use this sheet.

3. Shoreline Gradient into the Lake/Reservoir (degrees): Enter the angle (0, slope) at
which the lake bottom makes with the water surface in degrees (Figure 5-4). The
depth of the lake/reservoir mixing zone is determined by the formula
d = (L/2)*tan 0,
where:

a. d is depth of the lake along the shoreline where mixing will be calculated

b. L is the length of the surface area of the mixing zone obtained by calculation from
the ground water plume discharge width (sections 5.2.2(1) and section 5.3.2(3)).
Dividing L by 2 yields an average depth of the mixing zone. If the lake bottom is
steep and abrupt, this calculation may not be appropriate. Both this calculation
and the recommendation in section 5.3.1(4) may be ignored and a custom depth
entered in section 5.3.1(5).

Lake MiXing Zone <- Ground Shoreline Surface
Depth CaICUIation <- Lake Water Surface

\ <- Lake Bottom from Shoreline

’ <- Depth of Mixing Zone
L = Length of Areal Mixing Zone of Lake

[ |

0
D = Depth of Lake Mixing Zone
2*D = twice the depth of

the Lake Mixing Zone

0 =the angle the lake bottom makes with the lake water surface
tan(0) = opposite/adjacent = L/(2*D)
D = depth of lake mixing zone = L/[2*[tan(0)]

Figure 5-4. Method for calculating lake mixing zone depth.

4. Depth of Lake/Reservoir—Recommended (feet): The result of the calculation d =
(L/2)*tan 0, appears here as a recommended value to enter into section 5.3.1(5) input
described below.

5. Depth of the Lake/Reservoir in the Mixing Area (feet): Enter the depth of the lake
calculated in section 5.3.1(4) or other estimate as appropriate (Figure 5-4). The
manner in which this area is determined is discussed in section 5.3.1(6), (7) and (8)
below. The depth of the lake defines the depth dimension of the portion of the
discharging ground water plume to be used in mixing calculations. For example, if
the ground water contaminant plume is 22 feet deep at the point of surface water
discharge and if the lake is 5 feet deep, only the upper 5 feet of the discharging
ground water plume will be used in mixing calculations. The remainder of the plume
is assumed to bypass the surface water body and is not used in mixing calculations. It
must be noted that ground water flow to a lake described here is greatly simplified
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10.

11.

and is likely much more complicated and beyond the scope of this document to
discuss.

Note: Stratification of the water column in lakes often takes place, and such
stratification may change seasonally. This seasonal stratification may result in
restricted mixing of the water column. No attempt has been made to incorporate this
phenomenon into mixing calculations.

Area of the Lake/Reservoir (acres): Enter the acreage of the lake here. If a subarea
(such as a bay) of a larger lake like Lake Coeur d’Alene is being modeled, enter the
bay’s acreage.

Fraction of the Lake/Reservoir (Surface) Allowed for Mixing: Enter the fraction
of the surface area of the lake that is allowed for mixing. A value less than or equal to
0.10 is required (IDAPA 58.01.02.060.01.1(i)).

Approximate Number of On-Site Systems on the Lake: Enter an estimate of the
number of on-site systems that are near the lake’s shore, or are planned to be installed
along the shoreline of the lake. The reason for this input is to mathematically split the
lake up into several smaller parts so that each on-site system is associated with its
own virtual lake, not comprising the entire lake, but rather comprising its share of the
lake.

Lake/Reservoir Annual Displacement Rate (number): Enter an estimate of the
number of lake volumes displaced per year for the period of record of interest. This is
calculated by dividing lake volume by annual discharge rate: Vake/Quisch. A rough
estimate of the volume of a lake can be made by taking the area of the lake, assuming
a circular shape and deriving the radius. Then assume an hemispherical three-
dimensional shape and, using a maximum depth, find the volume of the hemisphere.
A value for the discharge from a lake may be obtained in many cases from stream
gaging stations. An example of a lake displacement calculation is as follows: given a
lake volume of 200 million gallons (MG) and its annual discharge of 100 MG/year,
the displacement rate is 200 MG/100 MG/year = 2 years. As a rough rule of thumb,
displacement rate of most lakes is less than 1 year, larger lakes (such as Lake Coeur
d’Alene) are greater than 1 year. It must be noted that the displacement rate of a
reservoir can be highly variable, depending upon how they are managed from year to
year. DEQ has a database containing certain information on several lakes in Idaho
that is only available internally. Larger lakes will have USGS gages to measure
discharge but most other lakes will not.

Lake/Reservoir P Concentration ([P]) (mg/L): Enter an estimate of the lake P
concentration for the period of record and season (if applicable) that represents the
scenario being modeled. If the lake is thermally stratified, one may want to restrict
this mixing analysis to the upper mixed layer (epilimnion).

Allowable Lake/Reservoir Mixed P Concentration ([P]) (mg/L) from this Source:
Enter the lake P concentration limit that is allowed. This value will be compared to
the mixed concentrations modeled to determine whether the limit would be met in the
modeled scenario. This might be a seasonal (i.e., summer) limit when septic usage is
high and temperatures are warmer.
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12.

13.

Allowable Mass Flux (Mass Loading) of P into Lake (Ib/year): Enter the mass flux
(mass loading) of P that is allowed. This value will be compared to the mass loading
values modeled to determine whether the limit would be met in the modeled scenario.
Ground Water P Concentration Selection—Maximum or Weighted: This drop-
down list allows the user to specify which ground water concentration to be utilized
in mixing calculations. By selecting Maximum Conc, the maximum ground water
concentration at the point of discharge to surface water is used. This concentration is
that at the top of the water table and on the plume centerline. By selecting Weighted
Conc, a concentration is calculated that attenuates the maximum concentration in two
ways. First, the concentration is depth-weighted, meaning an average concentration
(rather, an attenuation factor) is calculated for the entire vertical gradient from the top
of the water table to the depth of the lake. Second, since the ground water
concentration decreases as a function of the distance away from the plume centerline,
an attenuation factor is calculated for this also. The maximum concentration is
modified by these factors in order to arrive at an estimate of the concentration in the
entire cross-sectional area of the ground water plume that is discharging to surface
water.

5.3.2 Lakes and Reservoirs Outputs

1.

Lake/Reservoir Mixing Volume (cubic feet per year [ft*/year]): This volume is
calculated by dividing the lake acreage (section 5.3.1(6)) by the number of on-site
systems on the lake (section 5.3.1(8)), then multiplying this value by the fraction of
the lake surface allowed for mixing (section 5.3.1(7)). Then, this value is multiplied
by the depth of the mixing zone area (section 5.3.1(5)) to obtain a preliminary mixing
volume. Lastly, the value is multiplied by the lake turnover (displacement) rate
calculated in section 5.3.1(9) to obtain the mixing volume.

Mixing Zone Dimensions (Shoreline)—Width (Ground Water Discharge Width)
(feet): The width of the P plume at the ground water discharge point to the lake is
calculated and the value appears here. As discussed for streams, this width can be
visually determined by inspecting Plot #3 in the All Plots sheet (Figure 5-2). This plot
shows the ground water P concentration from the plume centerline laterally until it
reaches background levels. The lateral distance calculated is doubled since the plume
is on both sides of the plume centerline.

Mixing Zone Dimensions (Distance into Lake) (feet): This cell is calculated by first
dividing the lake area (section 5.3.1(6)) by the number of other on-site systems on the
lake (section 5.3.1(8)). This value is multiplied by the fraction of the lake allowed for
mixing (section 5.3.1(7)). The resulting value is multiplied by 43,560 to convert acres
to ft%. Then the value is divided by the shoreline width (ground water discharge
width) (section 5.3.2(2) to yield length.

Ground Water Discharge Area (ft?): The value appearing in this cell is the product
of the ground water plume width (section 5.3.2(2)) and the lake mixing zone depth
(section 5.3.1(5)). This is the cross-sectional area of ground water discharging into
the lake.

Ground Water Flow (Qgw) into Surface Water (cubic feet per day [ft%/d]): This
calculation is the product of the mean hydraulic conductivity (Ky), the hydraulic
gradient (i), and the cross-sectional area (A), or, Qgw = KniA.
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10.

Ground Water Flow (Qgw) into Surface Water (ft*/year): This is the same as
section 5.3.2(5) except expressed in cubic feet per year.

Depth- and Distance-Weighted Ground Water P Concentration (mg/L): See
explanation of this depth and distance weighting of the ground water P concentration
in the cross-sectional area of discharge in section 5.3.1(13). The calculated value of
the depth- and distance-weighted P concentration appears here.

Selected Ground Water P Concentration (mg/L): Depending on whether
Maximum or Weighted was selected in section 5.3.1(13), the maximum ground water
P concentration value, or the weighted value (section 5.3.2(7)) appears here and is
used for further mixing and mass discharge calculations. Repeat the selection made
on the Drainfield Sheet here.

Lake Mixing P Concentration ([P]) (mg/L): Appearing here is the calculated mixed
concentration of the lake mixing volume (section 5.3.2(1)) and concentration (section
5.3.1(10)) with the discharging ground water flow (section 5.3.2(5) and (6)) and
concentration (section 5.3.2(8)). In the cell to the immediate right, compare the cell
value with the P concentration limit set in section 5.3.1(11) above. If the calculated
value is less than or equal to the limit, the cell format turns green and the statement,
Meets [P] Limit, appears. If the calculated value exceeds the limit, the cell format
turns red and the statement, Does not Meet [P] Limit, appears.

P Mass Loading to Lake/Reservoir (Ib/yr): The value appearing is the mass of P
discharging into the lake carried by ground water (section 5.3.2(4) and section
5.3.2(8)). The cell to the immediate right compares the cell value with the P mass
loading limit set in section 5.3.1(12). If the calculated value is less than or equal to
the limit, the cell format turns green and the statement, Meets [P] Loading Limit,
appears. If the calculated value exceeds the limit, the cell format turns red and the
statement, Does not Meet [P] Loading Limit, appears.
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6. Contaminant Transport Module

6.1 Description

This spreadsheet module is an adaptation of the Nutrient-Pathogen Evaluation Program for On-
Site Wastewater Treatment Systems (DEQ 2002), which in turn is an adaptation of the
Pennsylvania Department of Environmental Protection (2002) Quick Domenico.xlIs
implementation of the Domenico (1987) analytical solution for multidimensional transport of a
decaying contaminant species. Adaptations include the following:

1.

Inclusion of a procedure to estimate the mixing zone depth in ground water of
contaminants beneath the wastewater land treatment source area. This procedure is
taken from Equation 38 in the EPA Soil Screening Guidance, Technical Background
Document (EPA 1996). This mixing zone depth, along with the estimated width of
the source perpendicular to ground water flow, provides the dimensions of the
rectangular patch source used in the Domenico solution.

Inclusion of a mass-balance mixing calculation to estimate the source zone chemical
concentration in ground water resulting from the mixing of site percolate and
upgradient ground water. The chemical concentration of the upgradient ground water
is assumed to be zero. This provides a relative increase over the site-specific
background value for the constituent of concern.

Inclusion of the Xu and Eckstein (1995) empirical equations for estimation of
longitudinal dispersivity, as corrected by Al-Suwaiyan (1996).

Inclusion of charts plotting the vertical concentration profile at a specified distance
downgradient from the source and the centerline concentration profile. The charts
show the absolute concentration change with background chemical concentrations
added in, and show five scenarios for Ky between the upper and lower ranges
specified by the user.

The following describes the input parameters for the Ground Water Transport sheet, which is
shown in Figure 6-1. As with the other sheets, cells used for inputs are colored yellow with red

font.
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INPUTS: GW Contaminant Transport Model: ADVECTIVE TRANSPORT
WITH THREE DIMENSIONAL DISPERSION AND 1ST ORDER DECAY and RETARDATION <Rev 8/11/2010>
Note: All Inputs are in Rows 6 - 54 and are in Cells with Red Font.

Project Description: Windy Bay Case Study; Pmt 92-28-77004

Date: 5/15/2012

Prepared by: M. Cook

Contaminant: Phosphorus

Mixing Zone Depth Calculation Inputs Symbol |Units Input Data Sources and Comments
Onsite Installation Length Parallel to GW Flow L feet 51.00|From Drainfield Inputs Sheet
Onsite Installation Width Perpendicular to GW Flow w feet [ 36.00|From Drainfield Inputs Sheet
Percolate Volume Qp inchesfac [ 47.8|Calculated from Drainfield Sheet
Percolate Constituent Concentration: Cp mg/L r 1.2

Upgradient GW Concentration: Cgw mg/L 0.05|estimated

Allowable INCREASE above Bkgrd at Setback Distance delta-Cgw|mg/L 0.1{mijc: arbitrary

Ground Water [P] Limit at Setback Distance C(lim) mg/L 0.15

Aquifer Hydraulic Conductivity: ~ Upper Range K feet/day 5|Stevens April 2011, p. 8, Thl 6.
Aquifer Hydraulic Conductivity: Lower Range K feet/day 1|Stevens April 2011, p. 8, Thl 6.
Aquifer Hydraulic Gradient i unitless 0.006(Stevens April 2011, p. 10
Aquifer Material Driscoll, 1987 - Sand

Aquifer Porosity ( Suggested values, range in percent) ne unitless 25 — 40%|Suggested value. Don't overwrite
Aquifer Effective Porosity (enter suggested or other value as a perc(ne unitless 43%|Stevens April 2011, p.9, Thl 6.
Aquifer Thickness da feet 15|Stevens April 2011, p. 7, Thl 4.

Model Domain & Other Spatial Inputs
Spatial Coordinates of Concern (Origin is plume centerline at DG discharge boundary

X (longitudinal) X feet 100|X coord at required distance from surface water.

Y (latitudinal/transverse) y feet 0

Z (depth) z feet 0|
Depth of Vertical Profile to Calculate and Observe z feet 25(Stevens April 2011, p. 7, Thl 4.
Time that the Source is Discharging d days Infinite worse case

15728|<------- Ignore This Entry

Selected Time that the Source is Discharging d days [ 1000000{Do not Overwrite Cell
AREAL Model Calculation Domain 2739.7|
(dinensions of area modeled)

Length (ft) L feet 500]assumed mjc

Width (ft W feet 200]assumed mjc

Figure 6-1. Ground water contaminant transport data input sheet.

6.2 Contaminant Transport Module—Instructions for Use

6.2.1 Contaminant Transport Module Inputs

This section provides descriptions of the following:

e The required aquifer parameters
e Ground water quality
e Ground water impact analysis inputs

General instructions for inserting these parameters into the model are also provided.

1. Data Sources and Comments: The column titled, Data Sources and Comments, is a
space where the user should document sources and rationale for input parameters
chosen.

2. Project Description: The Project info appearing here is carried over from the
Isotherm sheet (section 2.2.1(1)). This label should include a description of the
scenario that is being run, and how a particular scenario may differ from other
scenarios.

3. Run Date: The time/date stamp is automatically calculated for the particular model
run.

4. Prepared By: Enter users name.

Contaminant: Enter contaminant being modeled.

o
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6.2.1.1 Mixing Zone Depth Calculated Inputs and Selected Outputs

1.

10.

11.

12.

On-Site Installation Length Parallel to GW Flow (feet)—Calculated Cell: The
length of the on-site installation parallel to ground water flow is calculated by
dividing the total drainfield area (section 4.1.2(4)) by the width of the on-site
installation perpendicular to ground water flow (section 4.1.1(10)).

On-Site Installation Width Perpendicular to GW Flow (feet)—Calculated Cell:
The value of this cell appearing here is brought from the Drainfield sheet

(section 4.1.1(10)).

Percolate Volume (Qp) Calculated Cell (inches/acre-year): The value of this cell is
calculated using the daily flow to the drainfield (section 4.1.1(5)) and the total
drainfield area (section 4.1.1(9)) entered in the Drainfield sheet, to calculate flow in
inches/acre-year.

Percolate Constituent (P) Concentration (C, or Ceq) (Mg/L): The value of this cell
is brought from the P equilibrium concentration assigned to the system in the Phase Il
analysis in the Sorption sheet (section 3.4.1(2)).

Upgradient Ground Water Phosphorus Concentration (Cgw ) (Mg/L): Enter a
value for the upgradient ground water phosphorus concentration. The upgradient
(background) concentration is shown on centerline and vertical plots for reference.
Allowable Increase in Ground Water Phosphorus Concentration (mg/L): Enter a
value for the allowable increase above upgradient (background) ground water
phosphorus concentration.

Ground Water [P] Model Threshold Value at Setback Distance (mg/L)—
Calculated Cell: The value appearing here is the sum of the upgradient concentration
plus the allowable increase (section 6.2.1.1(5) and (6)), thus yielding the model
threshold value. The concentration limit is shown on centerline and vertical plots for
reference.

Aquifer Hydraulic Conductivity (Ky) (upper and lower range): Enter these values
in the next two cells in ft/d. Uncertainty exists when estimating this parameter. See
the Guidance for Reclamation and Reuse of Municipal and Industrial Wastewater
(DEQ 2007) sections 2.5.3 through 2.5.8 and DEQ 2007 section 2.1.4.2.2 for further
information on K, values. See the DEQ 2007 section 7.7.5.2.2 for a detailed
discussion of how aquifer parameters are used in mixing zone calculations. This
model generates five different K; scenarios, including those of the upper and lower
range, as well as three intermediate values, and plots the results.

Aquifer Hydraulic Gradient (i) (unitless): Enter the aquifer gradient here. The
gradient is derived from potentiometric maps or other sources. Document the source
of the gradient value used in the Data Sources and Comments column.

Aquifer Material: From the drop-down list, select the aquifer material. A suggested
porosity will appear below.

Aquifer Porosity (suggested values) (n)—Calculated Cell: A suggested aquifer
porosity value appears in this cell, which is based upon the aquifer material chosen in
section 6.2.1.1(10). Values are based upon those found in Freeze and Cherry (1979),
Driscoll (1987) and Domenico and Schwartz (1998).

Aquifer Effective Porosity (ne): Enter an aquifer effective porosity here. See

DEQ 2007, Sections 2.1.4.2.2 and 2.5.9 for further information on n, values. Note
that standard tables for aquifer parameters list porosities, not effective porosities. The

44



On-Site Setback Distance Determination

modeler should use best professional judgment when using porosity values, or
modifying them as needed to reflect effective porosity.

13. Aquifer Thickness (b): This is the thickness of the aquifer, not the mixing zone
depth (which is calculated from various aquifer parameters and site geometry).
Geological studies and/or well logs should be consulted for aquifer thickness
information. Aquifer thickness is plotted on vertical profile plots (section 6.2.1.2(2))
for reference. If aquifer thickness is greater than the depth of vertical profile to be
observed (section 6.2.1.2(2)), then aquifer thickness will set the scale of the vertical
plots. If aquifer thickness is less than the depth of vertical profile to be observed, then
depth of vertical profile to be observed will set the scale of the vertical plots.

Note that at the bottom left of the Inputs area in this sheet there are two cells that alert
the user if significant dispersion of the constituent of concern is occurring below the
specified depth of the aquifer (which would represent an unrealistic scenario). In this
model, depth of vertical dispersion cannot be limited so it must be manually checked.
If the constituent dispersion exceeds aquifer thickness these cells will be displayed in
red, and if the aquifer thickness exceeds the constituent dispersion, these cells will be
displayed in green.

6.2.1.2 Ground Water Transport Calculated Inputs

On the Inputs worksheet, input parameters related to ground water contaminant transport
modeling include the following:

1. Spatial Coordinates (x,y,z) of Concern: The user specifies a point in space (i.e., in
the contaminant plume) by entering coordinates (X, y, z). Figure 6-2 shows the
coordinate system of a contaminant plume. The coordinate system consists of the
following:

The x Axis—Calculated Cell: This cell has a value brought in from the Drainfield
sheet (section 4.1.1(7)) and is the proposed setback distance from the on-site
installation to a surface water body. The x axis is parallel to the direction of ground
water flow through the center of the site, passing through the origin and is positive
downgradient along the plume centerline (i.e., the x value specified refers to the
distance downgradient from the source discharge boundary).

The y Axis: This axis is perpendicular to ground water flow along the downgradient
boundary of the wastewater land treatment site (i.e., the y value specified refers to the
distance from the center of the source area in a horizontal direction perpendicular to
the direction of ground water flow). Zero is located at the midpoint (center) of the site
at the downgradient boundary.

The z Axis: This axis is depth below the water table surface. The water table surface
is at z = 0. Positive numbers represent depth below the water table.

A constituent concentration at the selected (X, y, z) coordinate of concern is
calculated in Domenico Outputs sheet (section 6.2.2.1). This may be a point of
compliance or a location where ground water criteria should be met.
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Figure 6-2. Coordinate system for a contaminant plume.

2. Depth of Vertical Profile to Calculate and Observe: This entry determines over

what thickness of the aquifer, starting at the water table, the chemical concentrations

will be calculated by the model. If depth of vertical profile to be observed is greater

than aquifer thickness (section 6.2.1.1(13)), depth of vertical profile to be observed
will set the scale of the vertical plots. If depth of vertical profile to be observed is less
than aquifer thickness, then aquifer thickness will set the scale of the vertical plots.

Initially, set the depth of vertical profile to observe slightly greater than the aquifer

depth.

Location and Time Information: The location and time information inputs are used

to calculate the predicted chemical concentration at a specific location away from the

source at a specific time after source release begins. The time is specified in days
from the start of chemical release. If steady-state conditions are to be simulated, the
value for time should be set at an appropriately large value. Steady state conditions
are reached when concentration profiles no longer change with increasing time. Other
values of time should be input if certain time frames need to be considered.

Time that the Source is Discharging: The drop-down list allows many options for

the user to select the length of time the source is discharging. All values except Other

are automatically calculated from data already entered in other sheets. The options are
as follows:

a. Infinite, as discussed above, is reckoned as 1 million days and will yield the worst
case scenario of the system achieving steady state conditions. Other options
include the following:

b. Setting the time to the regulatory site life allowed by the agency (Phase I plus
Phase Il operational lives)

c. The installation site life as determined by the maximum (Phase I) P sorption
capacity (section 3.2) determined in the Isotherm sheet (section 2) utilizing the
Langmuir isotherm

d. The time until P breakthrough where C, = Cyw under Phase Il conditions (see
section 3.4)

e. The ground water travel time from the installation to the setback distance

f.  An Other time frame selected by the user.

Field for Other Time Frame Entry: If the Other drop-down list selection is chosen,
in the cell below the list, a place to enter (in days) the time that the source is
discharging appears. Enter the time where designated.
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6. Selected Time that the Source is Discharging—Calculated Cell: The value for the
menu option chosen appears in this cell.

7. AREAL Model Calculation Domain: The planar (length and width) dimensions of
the area to be modeled are input in these two cells. They are selected in relation to the
center of the source and extend in both the x and y directions, as shown in Figure 6-2,
delineating one-half of the symmetrical plume. The model performs contaminant
transport calculates within this area. The length input determines the x scale
dimension on the plume centerline profile plot. See Figure 6-3 and the discussion in
section 6.2.2(1).

6.2.2 Contaminant Transport Module Graphical Outputs

All graphical outputs discussed in this section are found in the All Plots sheet. Data used to make
the plots drawn from the various locations where they are generated and are shown in the Plot
Data sheet.

1. Centerline Profile Graph: Provides graphical representations of the horizontal (x)
distribution of the constituent of concerns’ chemical concentration, including
background ground water concentrations, for five K;, scenarios. See Figure 6-3 for an
example of the Centerline Profile output. It shows concentration distributions for the
centerline of the plume (y = 0) downgradient from the source to a distance determined
by the length value input for the model domain. This concentration profile will be
calculated at the z value chosen in the coordinate of concern; if z = 0, the
concentrations will be calculated for the top of the water table. See Coordinate of
Concern inputs in section 6.2.1.2(1). Notice in the plot the following marker lines:

a. The green vertical dashed line representing the setback distance

b. The red horizontal long-dashed line representing the ground water constituent
limit

c. The blue horizontal short-dashed line represents upgradient or background ground
water quality.
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PLOT #1. Plume Centerline Concentration Profile at Coord. of Concern (x,-,z) and Model Domain
Length (Phosphorus).
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Figure 6-3. Plume centerline P concentrations downgradient of the source.

2. Vertical Profile graph: Provides graphical representation of the vertical distribution
of the constituent of concern’s chemical concentration, including background ground
water concentration, for five Ky, scenarios. See Figure 6-4 for an example of the
vertical profile output. The vertical plot shows the concentration distribution from the
water table (z = 0) to a specified depth at a (x, y) coordinate down-gradient of the
source, specified in the Coordinate of Concern inputs in Section 6.2.1.2(1). Notice in
the plot the following ‘marker’ lines:

a. The brown horizontal dashed line represents the aquifer depth.

b. The red vertical long-dashed line represents the ground water constituent
limit.

c. The blue vertical short-dashed line represents the up-gradient or background
ground water quality.
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PLOT #2. Vertical Concentration Profile at Coord. of Concern (x,y,-) (Phosphorus).
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Figure 6-4. Vertical P concentration gradients at the setback distance.

6.2.2.1 Utility Sheets

There are 10 sheets to the right of the Utility Sheets tab. Five of them are labeled IP_N(1)
through IP_N(5). These five sheets perform the ground water contaminant transport calculations.
One sheet is utilized for each of the five Ky, (hydraulic conductivity) values being evaluated. For
our purposes the constituent is phosphorus.

The second set of five sheets are labeled IP_TDS(1) through IP_TDS(5). These five sheets also
perform ground water contaminant transport calculations. One sheet is utilized for each of the
five K}, values being evaluated.

Each of these nine sheets has an identical format (the sheet, IP_N(1), is arranged differently).
Examining sheet IP_N(2) for example, there are several calculation areas that are delimited by
black borders. These areas are discussed as they appear from the top to the bottom of the sheet.

1. The first area summarizes Mixing Zone Depth Calculation Inputs and Ground Water
Transport Calculation Inputs. (Begin at cell B2.)

2. The second area shows various aquifer modeling calculation outputs. (Begin at cell
B51.)

3. The third area shows Domenico dispersion calculation outputs for both the plume
centerline and vertical profile (these are in the yellow shaded cells). (Begin at cell
B74.)

4. The fourth area shows Mixing Zone Model Output Calculations. (Begin at cell B102.)
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. The fifth area has the Domenico Calculations (i.e., the advection/dispersion
calculations). (Begin at cell B141.)

. The sixth and last area contains Miscellaneous Calculations and Lists. These are the

lookup tables from which drop-down list choices derive. (Begin at cell 205.)
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Appendix A—Soil Sampling for P Sorption Characterization

Surface site characterization and subsurface site characterization of test pits for on-site septic
systems will generally conform to the following American Society for Testing and Materials
(ASTM) designations, except where rule or guidance indicate otherwise:

e Designation: D5879 — 95. Standard Practice for Surface Site Characterization for On-Site
Septic Systems

e Designation: D5921 — 96. Standard Practice for Subsurface Site Characterization of Test
Pits for On-Site Septic Systems

Sampling of soils for P sorption analysis should follow an approved quality assurance project
plan to ensure adequate accuracy, precision, and representativeness of the samples. Contact The
Idaho Department of Environmental Quality for further guidance.

Appendix B—Phosphorus Sorption Isotherm Methods
B.1 Graetz and Nair (2000) P Sorption Isotherm Method

From: Graetz, D.A. and V.D. Nair. 2000. Phosphorus Sorption Isotherm Determination. In
Pierzynski, G.M. ed. 2000. Methods of Phosphorus Analysis for Soils, Sediments,
Residuals, and Waters. Southern Cooperative Series Bulletin No. 396.
http://www.soil.ncsu.edu/seral7/publications/seral7-2/pm_cover.htm

URL http://www.seral7.ext.vt.edu/Documents/P_Methods2ndEdition2009.pdf

Contact Information

Gary M. Pierzynski, Editor
Department of Agronomy

2004 Throckmorton Plant Sciences Ctr.
Kansas State University

Manhattan, KS 66506-5501

ISBN: 1-58161-396-2

Phosphorus Sorption Isotherm Determination
D.A. Graetz, University of Florida
V.D. Nair, University of Florida

Introduction:

Phosphorus (P) retention by soils is an important parameter for understanding soil fertility
problems, as well as for determining the environmental fate of P. The P adsorption capacity of a
soil or sediment is generally determined by batch-type experiments in which soils or sediments
are equilibrated with solutions varying in initial concentrations of P. Equations such as the
Langmuir, Freundlich and Tempkin models have been used to describe the relationship between
the amount of P adsorbed to the P in solution at equilibrium (Berkheiser et al., 1980; Nair et al.,
1984).
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Advantages of the batch technique include: the soil and solution are easily separated, a large
volume of solution is available for analysis, and the methodology can be easily adapted as a
routine laboratory procedure. Disadvantages include difficulties in measuring the kinetics of the
sorption reaction and optimizing the mixing of solution and soil without particle breakdown
(Burgoa et al. 1990). Despite the disadvantages, the batch technique has been, and still is, widely
used to describe P sorption in soils and sediments.

Nair et al. (1984) noted that P sorption varies with soil/solution ratio, ionic strength and cation
species of the supporting electrolyte, time of equilibration, range of initial P concentrations,
volume of soil suspension to head space volume in the equilibration tube, rate and type of
shaking, and type and extent of solid/solution separation after equilibration. Although most
researchers use a similar basic procedure for measuring P adsorption, there is considerable
variation observed among studies with regard to the above parameters. This variation often
makes comparisons of results among studies difficult. Thus, Nair et al. (1984) proposed a
standard P adsorption procedure that would produce consistent results over a wide range of soils.
This procedure was evaluated, revised, tested among laboratories and was eventually proposed as
a standardized P adsorption procedure. This procedure as described below is proposed as the
standard procedure recommended by the SERA-IEG 17 group.

Equipment:
1. Shaker: End-over-end type
2. Filter Apparatus: Vacuum filter system using 0.45 or 0.2 um filters
3. Equilibration tubes: 50 mL or other size to provide at least 50% head space
4. Spectrophotometer: Manual or automated system capable of measuring at 880 nm

Reagents:

1. Electrolyte: 0.01 M CaClz, unbuffered

2. Microbial inhibitor: Chloroform

3. Inorganic P solutions: Selected concentrations as KH2PO4 or NaH2POa4 (in 0.01 M
CaClz containing: 20 g/L chloroform)

Procedure:

1. Air-dry soil samples and screen through a 2 mm sieve to remove roots and other
debris.

2. Add 0.5to 1.0 g air-dried soil to a 50 mL equilibration tube.

3. Add sufficient 0.01 M CaCl:2 solution containing 0, 0.2, 0.5, 1, 5, and 10 mg P/L as

KH2PO4 or NaH2PO4, to produce a soil:solution ratio of 1:25. The range of P values

could vary from 0 to 100 mg P/L (0, 0.01, 0.1, 5, 10, 25, 50 and 100 mg P/L) and the

soil/solution ratio could be as low as 1:10 depending on the sorption capacity and the

P concentrations of the soils in the study.

Place equilibration tubes on a mechanical shaker for 24 hat 25+ 1 -C.

Allow the soil suspension to settle for an hour and filter the supernatant through a

0.45 um membrane filter.

6. Analyze the filtrate for soluble reactive P (SRP) on a spectrophotometer at a
wavelength of 880 nm.

ok
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Calculations and Recommended Presentation of Results:

Two of the often used isotherms are the Langmuir and the Freundlich isotherms; the Langmuir
having an advantage over the Freundlich in that it provides valuable information on the P
sorption maximum, Smax and a constant k, related to the P bonding energy.

The Langmuir equation

The linearized Langmuir adsorption equation is:
c__t ¢
< =

kSmax Smax

where:
S =S'+ So, the total amount of P retained, mg/kg
S' = P retained by the solid phase, mg/kg
So = P originally sorbed on the solid phase (previously adsorbed P), mg/kg
C = concentration of P after 24 h equilibration, mg/L
Smax = P sorption maximum, mg/kg, and
k = a constant related to the bonding energy, L/mg P.

The linearized form of the Langmuir equation, as presented herein, is the most commonly used
procedure to determine the sorption parameters for P because of its ease of use. The Langmuir
equation in its nonlinear form may provide more accurate sorption parameters but fitting this
model to experimental data requires a “trial and error’” approach which is relatively difficult to
accomplish. However, recent development of optimization programs to solve the nonlinear
equation provides an opportunity to more easily utilize the nonlinear equation in P sorption
studies (Bolster and Hornberger, 2007; Schulthess, 2007).

The Freundlich equation

The linear form is:
logS =logK + nlogC

where:
K is the adsorption constant, expressed as mg P/kg,
n is a constant expressed as L/kg, and
C and S are as defined previously.

A plot of log S against log C will give a straight line with log K as the intercept, and n as the
slope.

Previously adsorbed P (also referred to as native sorbed P)

Adsorption data should be corrected for previously adsorbed P (So). For the calculation of
previously sorbed P, Nair et al. (1984) used isotopically exchangeable P (Holford et al., 1974)
prior to calculations by the Langmuir, Freundlich and Tempkin procedures. Other procedures
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used to calculate the previously adsorbed P include oxalate-extractable P (Freese et al., 1992;
Yuan and Lavkulich, 1994), anion-impregnated membrane (AEM) technology (Cooperband and
Logan, 1994) and using the least squares fit method (Graetz and Nair, 1995; Nair et al., 1998;
Reddy et al., 1998). Sallade and Sims (1997) used Mehlich 1 extractable P as a measure of
previously sorbed P.

Investigations by Villapando (1997) have indicated a good agreement among native sorbed P
values estimated by the least squares fit method, oxalate extractions, and the AEM technology.
At this point, it appears that selection of the method for determination of native sorbed P would
depend on the nature of the soils in the study and reproducibility of the results. The procedure for
calculation of So using the least square fit method is based on the linear relationship between S'
and C at low equilibrium P concentrations. The relationship can be described by:

S'=K'C-S5,

where:
K'= the linear adsorption coefficient, and all other parameters are as defined earlier.

(Note: It is recommended that the linear portion of the isotherm have an r? value 0.95 or better).
Equilibrium P Concentration

The “equilibrium P concentration at zero sorption” (EPCo) represents the P concentration
maintained in a solution by a solid phase (soil or sediment) when the rates of P adsorption and
desorption are the same (Pierzynski et al., 1994). Values for EPCo can be determined graphically
from isotherm plots of P sorbed vs. P in solution at equilibrium. From the calculations given
above, EPCo is the value of C when S'= 0.

Comments:

The above procedure was developed to provide a standardized procedure with a fixed set of
conditions that could be followed rigorously by any laboratory. The procedure uses a low and
narrow range of dissolved inorganic P concentrations because these are the concentrations likely
to be encountered in natural systems and because higher concentrations may result in
precipitation of P solid phases. However, higher concentrations of P (up to 100 mg/L) and/or
lower soil:solution ratios (1:10) have been used for isotherm determinations on soils and
sediments (Mozaffari and Sims, 1994; Sallade and Sims, 1997; Nair et al., 1998; Reddy et al.,
1998). A 0.01 M KC1 solution may be used as the background electrolyte to avoid precipitation
of Ca in neutral and alkaline soils.

Toluene and chloroform have been shown to increase the dissolved P concentration in the
supernatant, apparently due to lysis of microbial cells, and thus, some researchers do not try to
inhibit microbial growth (Reddy et al., 1998).

Most adsorption studies are conducted under aerobic conditions. However, with certain studies it
iS more appropriate to use anaerobic conditions, as they more closely represent the natural
environments of the soils or sediments. Reddy et al. (1998) pre-incubated sediment/soil samples
in the dark at 25 C under a N, atmosphere, to create anaerobic conditions. Adsorption

57



On-Site Setback Distance Determination

experiments were then conducted, performing all equilibrations and extractions in an O,-free
atmosphere.
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B.2 University of Idaho P Sorption Isotherm Method (University of
Idaho (no date)

Abstract:

This procedure is used to determine the amount of phosphorus a soil can adsorb. Phosphate
moves to plant roots by diffusion, and the concentration of phosphate in the soil solution is one
factor that determines this movement. It has been found that the average plant sustains maximum
growth at a solution phosphate concentration of 0.2 ug/mL. Soil tests can indicate a phosphorus
deficiency, but are of limited value for predicting the actual amount of phosphorus a soil requires
to maintain optimum P availability. This is due to the fact that standard soil tests do not account
for P sorption by Fe, Al, and Ca soil constituents.

A phosphorus sorption isotherm can be used to describe the relationship between available and
adsorbed P in soils. A known amount of soil is allowed to react with a succession of P solutions
over a period of 24 h. The difference between the initial and final (equilibrium) P concentrations
is used to calculate the amount of sorbed P. The final solution P concentration is plotted against
the sorbed P. The resulting plot, known as the sorption isotherm, can be used to determine the
amount of fertilizer P required for maximum growth. Approximately 10 g of dried and ground
soil are needed for this procedure. Detection limits are not applicable in this procedure.

I. Equipment and Apparatus:

Analytical balance (Mettler PC440 or equivalent)

50 mL plastic centrifuge tubes

Reciprocal shaker

Filter funnels: Polypropylene (Nagle 4252) 65 mm (Fisher catalog # 10-348A, or
equivalent)

E. 125 mL Wheaton bottles

F. Filter paper: 15 cm pleated, grade 542, or equivalent

G. ICP-AES

oCowx>

Il. Instrument Operating Parameters
Optima 3200RL ICP-AES (see SOP.52.045.xx for more information)

A. Instrument parameters, Table 1, are subject to change; see instrument method for current
operating conditions. Load desired method. Select the desired elements by the
enable/disable menu option.
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Table 1: ICP-AES Operating Conditions

Plasma: 15 L/min

Auxiliary: 0.5 L/min

Nebulizer: 0.80 L/min

Power: 1300 W

Flow Rate: 1.5 mL/min

Wash Time: 60 sec

Wash Rate: 2.00 mL/min

B. Start the torch and allow the system to warm up for about 60 min. Note: Do not adjust the
tension on the sample introduction line unless absolutely necessary.

C. Tune the ICP-AES by calibrating the instrument and checking the position of wavelength
measurement against the actual emission peak (See Table 2). Adjust the position to best
measure the peak (approximately the middle of the peak). Recalibrate before beginning

analysis.

Table 2: Element for Optima 3200RL.:

Element

Emission Wavelength (nm)

P

213.6

NOTE: The wavelength may vary slightly day to day due to instrument conditions.

D. Interelement Corrections (IEC) and background corrections: see IEC file under Model

Builder.

I11. Reagents

A. Calcium chloride (Granular, CaCl,-2H,0, Organic Residue Analysis, USP/FCC Grade,
VWR Order # JT1336-01 or Fisher Order # C70-500, or equivalent).

B. 0.01 M calcium chloride solution: Weigh 2.92 g CaCl,-2H,0 and transfer toa 2 L
volumetric flask. Mix and make to volume with Type | or 1l water.

C. Stock phosphorus solution, 1000 pg P/mL - Dissolve 4.3943 g oven dried KH,PO,4
(Certified ACS, Fisher Order # P288-500 or Baker Analyzed Reagent, VWR Order #
JT3252-1 or equivalent) in 500 mL of 0.01 M CacCl, solution. Make to 1 L volume with

0.01M CaCl, solution.

D. Working Phosphorus solutions: prepare according to the following table.
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Desired P Conc. (pug/mL) Volume of 1000 mg/L | Final Volume (L)
Stock P Solution (mL)

5) ) 1

25 25 1

50 50 1

100 100 1

200 200 1

1 Adjust to final volume ina 1 L volumetric flask with 0.01 M CacCl, solution.
IV. Standards

Calibration standards:
A. Primary standard: 10,000 pg P /mL
ICP/AES grade (AESAR order #14415, or equivalent).

B. Typical calibration curve: 0, 10, and 100 pg/mL in 0.01 M CaCls,.
A standard dilution worksheet is located at: P:\bench\inorgan\soil\piso.xIs (tab: Dilution
P) for assistance in preparing the standards.

Note: This calibration is a suggestion and is not necessarily used for the analysis. Record the
actual calibration curve used on the dilution calibration worksheet.

V. Sample Preparation

A.Weigh 1.000 + 0.003 g of dried and ground sample (see SMM.85.410.xx, Soil Drying
and Grinding) into each of a set of ten 50 mL centrifuge tubes. (Five phosphorous
concentrations will be run, each concentration in duplicate; therefore, a total of 10
centrifuge tubes will be needed for each sample.)

Note: Rock percentage needs to be taken into account for a drainage field sample. Calculate the
decimal fraction of the soil to be weighed using the following formula (g soil / total g soil +
rock). The number obtained is the amount of sample (g) to be weighed into the centrifuge tubes.
A spreadsheet for calculating the amount of soil for the analysis is located at
P:\soil\spdshts\pisowt.xls.

B. Add 25 mL of the working phosphorus solutions (5, 25, 50, 100 and 200 ug P/mL) to the
centrifuge tubes.

C. Cap, wrap with Parafilm, and place the centrifuge tubes on a reciprocating shaker so that
the sample is being shaken lengthwise in the tube.

D. Shake for 24 h.

E. Remove from the shaker and filter into 125 mL bottles with 15 cm filter paper.
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F. Submit for analysis on the ICP.
NOTE: Samples may be kept up to one week if refrigerated.
VI. Sample Analysis

A. Determine equilibrium P concentration on the ICP.

B. Plot adsorbed P pg/g (Y) vs solution P pg/mL (X).
VII. Calculations

A. Use the Excel spreadsheet to calculate and plot the amount of phosphorus sorbed vs. the
amount of phosphorus remaining in solution. The Excel spreadsheets are located at
P:\soil\spdshts\pisocalc.xls, pisoa.xlc, pisob.xlc, pisoc.xlc, pisod.xlc, pisoe.xlc,
pisor.xlc, and pisorpt.xIs.

B. Plot X axis, amount of P remaining in solution in pg P/mL.

C. Plot Y axis, amount of P sorbed by soil in pg P/g:

mL working
ugP = standard X (concentration of working standard —
g soil g soil concentration of P remaining in solution)

VIII. Quality Control and Corrective Action

Note: at least 10% of each analytical batch will consist of QC samples. At a minimum, each
batch will contain a set of reagent blanks, one check standard, and a reference material. Samples
are run in duplicate (assuming there is sufficient sample quantity). Additional QC samples (i.e.
matrix spikes) may be required by client request.

A. Reagent (working solution) blanks

Analyze “blank” working solutions (no soil), at each concentration used (5, 25, 50, 100,
200 pug P/mL). If a solution does not fall within 10% of the known concentration it does
not pass QC.

B. Check standard

If the measured analyte concentration in a check standard differs from the known
concentration by more than 10%, the check standard has not passed QC.

C. Reference material

House Reference Materials — if the measured analyte concentration falls outside the
acceptance range (plus or minus 2 standard deviations of the average), the reference
material has not passed QC.
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D.

Duplicate

If the measured analyte concentration of the duplicates differs by more than 10%, the
duplicates have not passed QC.

. Corrective Action

1. Values of all QC samples are to be recorded on the Quality Control Report. Values
outside of the acceptance range will be indicated.

2. Quality control results are to be considered as a package, rather than individual
results. Hence, a single failure (i.e. a single QC sample not passing) may not
constitute an overall failure of the analytical batch.

3. If, in the professional judgment of the Laboratory Director or Group Leader, the
overall quality control is acceptable (i.e. meets both ASL and, if applicable, client
data quality objectives), the QC Report will be initialed and dated indicating the
results have been reviewed and are to be reported.

4. If, in the professional judgment of the Laboratory Director or Group Leader, the
overall quality control is unacceptable, the chemist will be instructed to rerun all or
part of the analytical batch. Unused data will be retained in the raw data packet, with
an explanation regarding any actions taken.

5. Inrecognition of the variety of analytical tests conducted by ASL, and the unique
challenges influencing the accuracy and precision of certain tests, chemists are
permitted to exercise professional judgment when evaluating QC during an analytical
run. However, unusual QC results should always be discussed with the Laboratory
Director or Group Leader.

IX. Documentation Requirements

A.

D.
E.

Instrument information for phosphorous isotherms is recorded in the ICP log book, which
is located next to the ICP.

The in-house reference material results are recorded on the phosphorus isotherm QC
sheet and the ICP computer printout.

. The sample phosphorus isotherm values are recorded onto the ICP computer printout.

The phosphorus isotherm bench sheet can be found at P:\bench\inorgan\soil\piso.xIs.

The phosphorus isotherm QC sheets can be found at P:\qcsheets\inorgan\soil\piso.xIs.

X. Safety and Health

Consult Material Safety Data Sheets for information on reagents.

XI. References

Nair, P.S., Logan, T.J., Sharpley, A.N., Sommers, L.E. Tabatabai, M.A. and Yuan, T.L. 1984.

Intralaboratory comparison of a standardized phosphorus procedure. J. Environ. Qual.,
Vol. 13 No. 4:571-593.
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XI1. Validation

The phosphorus isotherm values have a long history of in-house reference material quality
control.

Revision History

SMM.85.120.05 Two year review update.
Revision History — Added.
18 MQecm water replaced by Type I or I water.

Removed Leeman ICP information and added Optima ICP information.
Added standard dilution information.
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Appendix C—Ground Water Modeling: Considerations for
Tier Il Applications

From: Gary Stevens, P.G., Coeur d’Alene Regional Office, Idaho Department of Environmental
Quality.

Water Quality Impact Evaluation Elements

This section describes the elements of a Water Quality Impact Evaluation (WQIE), the minimum
data set required and guidelines to help determine how detailed an evaluation is required for the
development.

General

The general steps in completing a WQIE involve;

Data Collection

Development of Conceptual Model

Fate & Transport Model Selection

Construction, Calibration and Simulations Using Fate & Transport Model
Model Documentation

Data Collection

In order to characterize subsurface conditions all existing available information should be
collected within the development boundaries and the surrounding areas. Typical sources of data
include;

Geology/Hydrogeology
1. ldaho Department of Water Resources

The IDWR is responsible for permitting new water wells in the State of Idaho. All
drillers that complete new water wells must submit a Well Driller’s Report that
includes well construction, depth to water and a lithologic description. These are
organized by location using a PLS system and are available at the local IDWR office
or on-line at; http://www.idwr.idaho.gov/water/well/search.htm

2. National Resource Conservation Service

The NRCS performs soil surveys mapping the soil types and characteristics for a
given area. The soils are given a numeric rating regarding the limitations of the soils
for use in various activities including subsurface wastewater disposal. The surveys are
organized by county and are available at the local NRCS offices or on-line at;
http://websoilsurvey.nrcs.usda.gov/app/

3. Idaho Geological Survey
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The IGS collects and interprets geologic and mineral data for areas within Idaho and
publishes reports and maps using this data. The data is available at the 1GS office at
the University of Idaho in Moscow, Idaho or on-line at;
http://www.idahogeology.org/

4. Idaho Department of Environmental Quality

DEQ enforces various state environmental regulations and administers a number of
federal environmental protection laws. As part of these activities DEQ also collects,
compiles and interprets ground and surface water quality data throughout the state.
These data are available to the public and can be accessed by contacting the local
DEQ office or on-line at; http://www.deq.state.id.us/

5. Idaho State Department of Agriculture

The ISDA role is to protect the public, animals, and environment through regulation
and education. The Agricultural Water Quality Program implements agricultural
monitoring and protection programs with public and private partners to protect
ground and surface water quality. As part of these activities the ISDA collects,
compiles and interprets ground water and surface water quality data as it relates to
agriculture. These data are available to the public and can be accessed by contacting
the ISDA office in Boise, Idaho or on-line at; http://www.agri.state.id.us/index.php

6. U.S. Geological Survey

The USGS is a federal organization that collects, compiles and interprets geological
and hydrogeological data as well as ground and surface water quality data. These data
are available to the public and can be accessed by contacting the a USGS office or on-
line at; http://www.usgs.gov/

7. ldaho Universities

Idaho has a number of universities that conduct research regarding the geology and
hydrogeology within the state. These data are available to the public and can be
accessed by contacting the respective universities;

a. University of Idaho — Moscow, Idaho
http://www.uidaho.edu/

b. Boise State University — Boise, ldaho
http://www.boisestate.edu/

c. ldaho State University — Pocatello, Idaho
http://www.isu.edu/

Surface Water

1. The USGS is a federal organization that collects, compiles and interprets surface
water flow and quality data. These data are available to the public and can be
accessed by contacting the a USGS office or on-line at:
http://waterdata.usgs.gov/id/nwis/current/?type=flow
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2. DEQ also collects, compiles and interprets surface water quality data throughout the

state. These data are available to the public and can be accessed by contacting the
local DEQ office or on-line at;

Data:
http://www.deq.idaho.gov/water/data_reports/surface_water/tmdls/sba_tmdIl_master_|

ist.cfm#region

Administrative Rules
http://adm.idaho.gov/adminrules/rules/idapa58/0102.pdf

If there is limited existing available data it may be necessary for the applicant to obtain
site specific information from a site exploratory program. The types of site exploration
methods may include test pit excavations, completion of borehole/monitoring wells, cone
penetration tests (CPT) and surface geophysics. The reader is referred to the following for
further information and guidance regarding the development and methods for developing
an on-site subsurface exploratory program;

ASTM D 5921 — 96 Standard Practice for Subsurface Site Characterization of Test
Pits for On-Site Septic Systems.

ASTM D 5979-96 Standard Guide for Conceptualization and Characterization of
Ground-Water Systems

ASTM D 1586 REV A Standard Test Method for Standard Penetration Test (SPT)
and Split-Barrel Sampling of Soils

ASTM D6151 - 08 Standard Practice for Using Hollow-Stem Augers for
Geotechnical Exploration and Soil Sampling

ASTM STP 1101 Geophysical Applications for Geotechnical Investigations

ASTM D6429-99 Standard Guide for Selecting Surface Geophysical Methods

EPA, 2006. Characterization of Site Hydrogeology. State of Ohio, Environmental
Protection Agency, Division of Drinking and Ground Waters. Technical Manual for
Ground Water Investigations, Chapter 3.

EPA. 1987. A Compendium of Superfund Filed Operations Methods, Volume 1.
Michigan Department of Environmental Quality, May, 2006. RRD Operational
Memorandum No. 4, Interim Final. Site Characterization and Remediation
Verification — Attachment 7, Groundwater Modeling.

USGS, 1987. A Conceptual Framework for Ground-Water Solute-Transport Studies
with Emphasis on Physical Mechanisms of Solute Movement. USGS WRIR 87-4191.

Development of Conceptual Model

The conceptual model is a description of the relevant site-specific and regional subsurface
conditions that may influence the results of the fate and transport model. The conceptual model
should incorporate all the relevant site-specific information along with a description of any
simplifying assumptions. The more complex the subsurface conditions or boundary conditions
the more information will need to be incorporated into the conceptual model. The conceptual
model will be used as the basis for deciding the type of fate and transport model that will be
necessary to adequately incorporate the necessary complexities. The conceptual model may
include some or all of the following;

1.

Significant geologic/hydrogeologic units in the area
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2. The location, along with the lateral and vertical extent of any aquifers that may be
impacted by wastewater activities

3. The types of aquifers present; confined and/or unconfined.

4. The ground water flow rate and direction in each aquifer

5. Characteristics of the aquifers that include transmissivity, storativity, and porosity

6. Boundary conditions

7. Hydraulic connection to any surface water bodies

The conceptual model and all the relevant information is often shown as a
geological/hydrogeological cross section(s). The reader is referred to the following for further
information and guidance.

Fate and Transport Model Selection

The selection of the fate and transport model will be dependent on the conceptual model.
Different fate and transport models have limitations associated with the level of complexity that
each can accommodate. If the subsurface conditions exhibit complexities that need to be
characterized, as shown in the conceptual model, the selected fate and transport model must have
the ability to incorporate these complexities. The three types of models that will be discussed are:
1) mass balance model, 2) analytical model, and 3) numerical model.

Mass Balance Model

A mass balance model is the simplest model with the most limitations and assumptions. The
mass balance model is also referred to as a single cell model or black-box model and is
considered to have zero dimensions. The assumptions of a mass balance model are:

1. There is a single aquifer with constant thickness

2. The aquifer is homogeneous and isotropic

3. The boundary conditions are fixed for each stress period and independent of other
model inputs and outputs.

4. Changes in water quantity and quality are distributed equally over the entire model
domain for each stress period

5. Changes in water quantity and quality occur instantaneously over the entire model
domain for each stress period

6. The model cannot incorporate any aquifer parameters such as hydraulic conductivity,
transmissivity, flow rate, or direction.

7. The only model parameter that can be incorporated is storativity that is distributed
equally over the entire model domain.

The mass balance model is useful in developing a conceptual model and identifying additional
data needs. The mass balance model should not be used for determining regulatory compliance
regarding proposed wastewater projects and potential down gradient water quality impacts. A
mass balance model may be used to provide a general assessment on whether the proposed
development may pose a threat to ground and surface water resources.
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Analytical Model

An analytical model can be used to describe flow and transport in a homogeneous aquifer with
two-dimensional flow. The analytical model provides a mathematical solution to contaminant
fate and transport problems that incorporate some aquifer parameters and boundary conditions.
Properly configured analytical models can provide solutions for specific locations and times over
the model domain. Analytical models can incorporate more complex conditions than the mass
balance model described above. The assumptions of an analytical model are:

1. There is a single aquifer with constant thickness

2. The aquifer is homogeneous

3. Flow within the model domain is horizontal and both velocity and direction are
constant

4. The boundary conditions are fixed for each stress period and independent of other
model inputs and outputs.

The analytical model can incorporate the following:

1. Aquifer parameters such as hydraulic conductivity, storativity, flow rate, and
direction

2. The duration of a stress period can be explicitly defined

3. The contaminant concentration can be determined at specific locations within the
model domain

An analytical model can successfully be used for fate and transport problems regarding proposed
wastewater projects if the subsurface conditions are suitable and the complexity can be reduced
or simplified to meet the assumptions and limitations described above. Analytical solutions can
be categorized into approximate and exact solutions. Approximate solutions are easier to solve
mathematically but may result in errors due to the approximate nature of the solution. An
example of an approximate solution is the Domenico solution (Domenico, 1982). Exact solutions
are more difficult to solve mathematically but provide results with minimal mathematical error.
The magnitude of error introduced by using an approximate solution as compared to the exact
solution will be dependent on the subsurface conditions and the type of problem posed.
Examples of exact solutions are described by Wexlar (1992) and Galya (1987).

The Domenico solution is available from DEQ and has been incorporated into a spreadsheet
model. The Wexlar solution has similar model geometry to the Domenico of a vertical plane
source, while the Galya solution assumes a horizontal plane source. Please refer to the
referenced documents for limitations and proper use. Other computer software is available that
solves for fate and transport problems using the analytical technique, such as Stanmod which is
available through the U.S. Department of Agriculture, Salinity Laboratory. Commercial software
is also available that provides an analytical solution. These software include, but are not limited
to Solutrans and ATD123.

A more complicated type of model that incorporates analytical solutions is the analytical element
model (AEM). The AEM uses separate analytical solutions for the distinct flow and transport
processes (elements). The AEM then superimposes/combines the separate analyses to arrive at a
solution. A discussion of AEM models is beyond the scope of this guidance and the applicant
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should refer to a number of available references or consult an appropriate ground water
professional for further information.

Numerical Model

A numerical model divides the model domain into a number of small cells (discretization). Each
cell then is assigned flow and transport attributes. Boundary conditions are established by
defining fluxes into or out of certain cells. The computer program then solves a set of algebraic
equations that define ground water flow conditions. After the ground water flow direction and
velocities are defined for each cell within the model domain and the fluxes into and out of the
boundaries, a contaminant maybe introduced and similar computations are carried out. The entire
process can be completed for discrete time steps. The ground water flow and contaminant
conditions at the end of one time step are the initial conditions for the next. The entire process is
repeated until the end of the simulation time period, defined by the modeler, is reached.

There are few limitations using the numerical method and thus it is ideally suited for complex
subsurface conditions along with modeling flow directions, velocities, and boundary conditions
that may vary over time. The construction of a numerical model may be simple and quick or
complicated and timely depending on the conceptual model being represented. There are various
types of numerical models based on model domain discretization, such as finite difference or
finite element, and different mathematical solutions to solve the ground water flow and
contaminant transport problems posed. It is beyond the scope of this guidance to describe these
and the applicant should refer to a number of available references or consult an appropriate
ground water professional for further information.

Construction, Calibration and Simulations Using a Fate & Transport Model

The construction of the fate and transport model is based on the conceptual model. The
construction of an analytical model is facilitated by the number of underlying assumptions and
resulting limited number of inputs. The construction of a numerical model is more difficult as the
aquifer parameters and boundary conditions must be defined for each cell and time step across
the entire model domain.

If ground water flow direction, gradient and levels are calculated over time as in a numerical
model then calibration of the model should be conducted. Calibration consists of changing model
parameters until the model output matches measured values. The modeled results are often
displayed with measured values in a scattergram for comparison. In addition, residuals should be
calculated and reported in a tabulated format.

A sensitivity analysis consists of varying selected input parameters and measuring the resulting
changes in model output. The sensitivity analysis is performed to determine if the selected values
of input parameters used in the model are adequate for the purpose of the model or need to be
better defined and justified. The sensitivity analysis should be performed for both analytical and
numerical models.

The reader is referred to the following for further information and guidance regarding the
construction and use of fate and transport models;
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e ASTM D 5880 Standard Guide for Subsurface Flow and Transport Modeling

e ASTM D 5447 Standard Guide for the Application of a Ground-Water Flow Model to a
Site-Specific Problem

e ASTM D 5490 Standard Guide to Comparing Ground-Water Flow Model Simulations to
a Site Specific Problem

e ASTM D 5609 Standard Guide for Defining Boundary Conditions in Ground-Water Flow
Modeling

e ASTM D 5610 Standard Guide for Defining Initial Conditions in Ground-Water Flow
Modeling

e ASTM D 5611 Standard Guide for Conducting a Sensitivity Analysis for a Ground-Water
Flow Model Application

e EPA Fundamentals of Ground-Water Modeling, Ground Water Issue. EPA/540/S-92/005.

e EPA, 2007. Ground Water Flow and Fate and Transport Modeling. State of Ohio,
Environmental Protection Agency, Division of Drinking and Ground Waters. Technical
Manual for Ground Water Investigations, Chapter 14.

e USGS, Guidelines for Evaluating Ground-Water Flow Models. Scientific Investigations
Report 2004-5038—Version 1.01

e USGS, User's documentation for MODFLOW-96, an update to the U.S. Geological
Survey modular finite-difference ground-water flow model. U.S. Geological Survey
Open-File Report 96485, 56 p.

Model Documentation

Because of the quantity of data used and assumptions and decisions made during the design and
construction of a fate and transport model, it is imperative that the modeler document all the
necessary information. The model documentation should at a minimum include:

e Introduction

e Data Collection

e Conceptual Model Description

e Model Description and Relation to Conceptual Model
e Model Construction

e Model Simulation and Results

e Summary and Conclusions

The data collection documentation should include all data used to develop the conceptual model
and inputs used for the fate and transport model. If existing published data was used then the
appropriate references should be included. If any information was used from water well logs to
develop the conceptual model or used in calibration, then the Well Driller’s Reports should be
included in the report. Any data obtained as part of a subsurface exploratory program should be
included along with the description of all methods, equipment and analysis.

The conceptual model and its relation to the site specific subsurface conditions as indicated by
the existing data collected or obtained through site explorations should be included in the
documentation. The conceptual model can be presented as a geologic/hydrogeologic cross
section(s). Figures with the site and regional maps should be included with the following:

72



On-Site Setback Distance Determination

N

ok~

Development / property boundaries

Drain field locations

All water wells on the site and in the general vicinity. If pertinent the location and
extent of capture zones

All compliance points or boundaries

A measured potentiometric map or maps with the direction of ground water flow
indicated for each aquifer. All the monitoring and water wells that were used to
generate the map should be located with the water elevation for each well shown.
A justification of the model selection in relation to the conceptual model should be
included. The model configuration/construction description can be short if an
analytical model is used or very lengthy if a numerical model is constructed.

If a numerical model was used the following should be included:

1.

2.
3.

A site/regional surface map with development boundary indicated along with the
model grid or elements shown.

A site/regional surface map with all boundaries including drainfield(s).

A site/regional surface map containing aquifer parameters, such as hydraulic
conductivity, storativity, and dispersivity. Additional plan view maps for various
elevations may be necessary if these parameters vary with depth.

At least two cross sections orthogonal to each other showing model grid, aquifer
parameters and boundary conditions.

The model simulations and results should include the model outputs, along with any calibration
or sensitivity analysis, if completed. The model output documentation should include figures
with the following;

1.

2.

A modeled potentiometric map(s) for each aquifer with ground water flow direction
and velocity

A site/regional plan view map showing the contaminant plumes for each constituent
of concern. The contaminant plumes should include areal extent and concentration
gradients with at least five concentration divisions. The map should also include all
the compliance points/boundaries that are being considered.

At least two cross sections orthogonal to each other showing model areal extent and
concentrations gradient with at least five concentration divisions. The map should
also include all the compliance points/boundaries that are being considered.

The simulation results should be discussed in relation to compliance with the WQIE. The reader
is referred to ASTM D 5718 Standard Guide for Documenting a Ground-Water Flow Model
Application for further information and guidance.
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