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Abstract: Pollutant detachment rates have been determined for four chloride salts during simulated urban storm runoff.  Under rainfall and /or overland flow conditions, chloride mass flux was measured and related to boundary shear stress of the test surface.  Washoff coefficients, presumed to depend only on pollutant characteristics, were computed based on the slopes of dimensionless mass flux versus dimensionless time plots.  Washoff coefficients were found to vary among and between the chloride compounds studied.  In general, higher overland flow rates produced lower boundary shear and lower washoff coefficients.  The combination of simulated rainfall and overland flow resulted in an increased boundary shear and an increased washoff coefficient.  An empirical washoff coefficient based on a load characteristic curve derived from an exponential washoff relationship was also computed from the runoff data and compared with the previous washoff coefficient.  A linear correlation between these two washoff coefficients was observed.  The magnitude of the latter coefficient under simulated rainfall was consistent with reported values obtained from field data.
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Introduction

Significance of the Problem: Urban storm runoff can be considered to be a major non-point source of pollution for adjacent streams and rivers.  This is especially true in the Southwestern United States.  Severe thunderstorms produce large amounts of available water in a short period of time.  Urban areas are essentially impervious to this storm water as a result of their substantial amount of asphalt and concrete cover.  This lack of permeability, as well as reduced density of vegetation and, in some cases, absence of storm sewers, causes a large portion of the water to move overland, entraining previously deposited pollutants along the way.


Many pollutants, such as lead, rubber, and asbestos, are common on roadways, parking lots, sidewalks, and other semi-impervious man-made surfaces.  It would be helpful to develop a model capable of more accurately predicting expected concentrations of pollutants in runoff.  This would aid in the development of plans for treating or otherwise handling the contaminated storm water runoff.

Background: Most urban storm water quality models in use today view storm water pollution as a two-stage process of pollutant accumulation on catchment surfaces during dry weather periods and pollutant washoff during rainfall and subsequent runoff.  The first stage is usually described by linear or exponentially asymptotic functions; however, research by Vaze and Chiew (2002) demonstrated that typical storms remove only a portion of the total pollutant load on impervious surfaces.  As such, pollutant washoff becomes transport limited and governed mainly by rainfall and runoff characteristics (Vaze and Chiew 2003).  Therefore, understanding the factors driving pollutant washoff is key to developing better storm water quality models.  This second stage has been conceptualized as being dependent upon overland flow shear stress (Nakamura 1984), or raindrop and runoff energies (Vaze and Chiew 2003); however, the most common approach is to simply estimate pollutant washoff empirically by a first-order relationship, wherein the washoff rate depends linearly on the available accumulated pollutant mass, on the rainfall intensity, and/or the overland flow rate (Alley 1981; Millar 1999).  For example, the washoff algorithm used in the Storm Water Management Model (SWMM) uses an exponential relationship between pollutant washoff and runoff volume (Huber and Dickinson 1988).

According to Akan (1987), pollutant detachment models lack a physical basis.  To formulate more accurate storm water quality models, it is necessary to develop a better understanding of the physical processes involved in pollutant washoff.  Nakamura (1984) suggested that the pollutant detachment rate along an impermeable surface is proportional to the boundary shear stress of the overland flow and to the distribution density of the pollutant.  The washoff coefficient, herein known as k, was presumed to depend only on the pollutant characteristics.  Its value will not be affected by boundary roughness, the slope of the impervious surface, or the rate of overland flow.  This calibration parameter is not site-specific according to Akan (1987), unlike parameters of currently used models.  The boundary shear stress approach has been used in conjunction with a kinematic wave solution for pollutant transport over an impervious surface (Deletic et al. 1997; Singh 2002).  Previously, Richardson and Parr (1988) observed that mass flux of pollutants from a pervious surface is a function of boundary shear stress.  Their research determined that mass flux increased linearly as the product of shear velocity and the square root of media permeability increased.  The data also showed that there was no difference in the mass transport rate, when quantified by a coefficient of diffusion, for the soluble constituents of inorganic lithium chloride and organic disodium fluorescein.

Research Objectives: The primary objective of this research was to examine rates of pollutant detachment from an impermeable surface for various chloride compounds and determine their relationship with boundary shear stress.  Existing storm water quality models may be improved by incorporating such physically based parameters.  A secondary objective was to determine if the washoff coefficient was constant under varied conditions for the different inorganic salt compounds and, if not, try to identify controlling factors.

Research Methodology Overview: Experiments simulating urban runoff with and without rainfall were performed.  Four different chloride compounds were washed off of an impermeable surface in a laboratory flume.  For each set of runs at a particular flow rate, mass flux versus time was plotted in dimensionless form with data normalized to flow-related parameters.  Chloride washoff coefficients were computed using the respective slope of the semi-logarithm plot.  Non-flow-related factors, which may affect the solvability of the compounds during runoff, were examined in hopes of eliminating any discrepancies between different compounds.

Description of the Model: The rate of pollutant detachment, or flux, is assumed to be proportional to the shear stress at the flume bottom and the areal density of the pollutant (Nakamura 1984; Akan 1987; and Singh 2002),

N = dP/dt = - kSfYP                                                                 (1)

where


N = dP/dt = pollutant mass flux off the surface [M/L2T],


k = washoff coefficient based only on pollutant characteristics [L-1T-1],


Sf = friction slope or slope of the surface profile [L/L],


Y= flow depth [L], and


P = areal pollutant density [M/L2].

From Yoon and Wenzel (1971), the friction slope is defined as 


Sf = fV2/(8gY)                                                                      (2)

where


V = flow velocity [L/T],


f = Fanning friction factor [dimensionless], and


g = acceleration due to gravity [L/T2].

Substituting Eq. 2 into Eq. 1 allows one to relate pollutant mass flux to the friction factor, pollutant density, and flow velocity,


N = -kfV2P/8g                                                                       (3)

.

Since the objective was to measure mass flux as a function of boundary shear stress, it is necessary to quantify the relationship between the boundary shear stress and friction factor.  Yoon and Wenzel (1971) defined boundary shear stress as


( = (fV2/(8g)                                                                        (4)

where


( = boundary shear stress [M/LT2], and 


( = unit weight of water [M/L2T2].

However, note that the following relationship also applies (Chow 1959):

V2 = 8V*2/f                                                                         (5)

where


V* = shear velocity (L/T).

This shows that boundary shear stress is directly proportional to the square of the shear velocity.  Substituting Eq. 5 into Eq. 3 results in a mass flux in terms of shear velocity,

N = -kV*2P/g                                                                        (6)


To obtain the slope of the mass flux versus time relationship, one must define the rate of change of mass flux with time.  Taking the derivative of Eq. 6 and assuming k, g, and V* remain constant for a given pollutant and hydraulic runoff condition yields


dN/dt = -kV*2N/g                                                                    (7)

This is a first-order rate equation that plots linearly on semi-logarithmic coordinates.  Actual mass flux in terms of chloride concentration and flow rate is obtained using


N = CQ/A = CR                                                                   (8)

where


C = chloride concentration in the runoff [M/L3],


Q = flow rate [L3/T], 


A = area of the impervious surface [L2], and


R = rate of runoff [L/T].

To accommodate comparisons of experimental runs with different flow rates and varying total mass of chloride, one must convert the mass flux and time terms into a dimensionless form as a function of shear velocity,


N* = NY/(MV*)                                                                    (9)

where


N* = dimensionless flux,


Y = depth of flow [L], and


M = areal density of applied chloride [M/L2],

with

t* = tV*2/Dv                                                                       (10)

where 


t* = dimensionless time, and


Dv = vertical transport coefficient [L2/T].

These dimensionless quantities stems directly from an application of the Buckingham pi theorem, wherein mass flux is assumed to depend upon chloride areal density, depth of flow, flow velocity, boundary shear stress, water density, water viscosity, and a vertical transport coefficient.  A further explanation of this latter transport coefficient is contained in the results section. 

Differential forms can be formulated from Eqs. 9 and 10 as


dt = dt*Dv/V*2                                                                    (11)

and

 
dN = dN*MV*/Y                                                                  (12)

yielding the desired dimensionless form, or


dN*/dt* = -{kDv/g}N*                                                            (13)

The experimental runoff data, therefore, should collapse to a single straight line on a semi-logarithm plot when normalized by an appropriate vertical transport coefficient.  The slope, m, of this normalized plot is


m = -kDv/g                                                                         (14)

which yields a washoff coefficient expressed as


k = -mg/Dv                                                                       (15)

This washoff coefficient represents the slope of the mass flux versus time relationship, normalized by the vertical transport coefficient.  With a constant vertical transport coefficient, a higher rate of mass flux attenuation results in an increased washoff coefficient.

An empirical model may also be specified to describe pollutant washoff (Alley 1981; Millar 1999),

N = dP/dt = - wRP                                                                 (16)

where


w = washoff coefficient [L-1].

Unlike the Eq. 1 washoff coefficient, k, this latter washoff coefficient has no direct physical meaning; however, based on these two flux formulations of pollutant washoff, the washoff coefficients should be correlated with one another.  The washoff coefficient, w, may be estimated using a load characteristic curve derived from the exponential washoff equation (Alley 1981),

YF = {[1 – exp(-wVF)]/ [1 – exp(-wVT)]}                                                (17)

where


YF = fraction of total chloride load for a given runoff event [dimensionless],


VF = cumulative runoff volume up to a specified runoff time [L], and


VT = total runoff volume for runoff event [L].

Note that the value of w is catchment specific and varies with pollutant type and that positive values of w can only produce convex, advanced-type load characteristic curves, i.e. decreasing concentrations of a constituent with increasing time after runoff starts   (Alley 1981).   

Experimental Procedures

Description of the Apparatus: The equipment constructed for laboratory experiments consisted of a rectangular plexiglass flume with inside dimensions 2.44 m long by 20.3 cm wide, mounted in an angle iron framework.  The entire framework was leveled with bolts at each corner and leveling screws located at 30 cm intervals along the sides of the flume and lockdown bolts located between the leveling screws.  Cemented to the flume bottom with a clear adhesive was beach sand in the size range of 0.4 to 0.8 mm.  A module capable of generating simulated rainfall was suspended 1.0 m above the flume.  The module height was chosen arbitrarily, since Yoon and Wenzel (1971) have shown that the effect of rainfall intensity dominates over impact velocity effects.  The rainfall module could be raised or lowered as required.

Raindrops were produced with 3.8 cm long by 0.5 mm bore hypodermic needles installed on a 2.5 cm spacing diagonal grid.  The rainfall module was divided into two halves with 420 needles installed in each half.  To provide overland flow, a pump with a capacity of 23 Lpm supplied water to a perforated, horizontal pipe at the upstream end of the flume.  A second pump supplied water to the rainfall module to produce simulated rainfall over the test section, consisting of the downstream half of the flume.  Flowmeters were used for flow monitoring with occasional volumetric end of flume checks for flow verification.  The dimensions of the test section were 1.14 m long by 20.3 cm wide, providing 0.23 m2 of test runoff area.

For runs both with and without rainfall, the flow depths upstream and downstream across the test section were measured with Lory point gauges.  Depths could be measured to the nearest 0.1 mm.  The boundary shear stress was calculated indirectly for runs without rainfall.  When rainfall was added, the boundary shear stress was measured directly with the aid of a flush-mounted, platinum hot film sensor, TSI model 1237W.  The sensor was installed in a flush-mounted plug in the center of the test section and connected to a constant temperature anemometer, TSI model 1750.  The power required to maintain a constant temperature in the platinum film is directly related to the boundary shear stress at the center for the test section.  A chart recorder was used to record the voltage fluctuations caused by turbulence resulting from the drop impacts.  Boundary shear stress calculations using these two methods are discussed later.

Chloride concentrations were measured with an Orion combination electrode, model 9617B.  The chloride background from the tap water source of overland flow and simulated rainfall was subtracted out to yield true runoff concentrations.

Procedures With Overland Flow Only: Experiments were performed at flow rates of 2.27, 3.78, and 6.06 Lpm with NaCl and CaCl2*2H2O.  A single flow rate of 3.78 gpm was used for KCl and LiCl runs.  These flow rates were determined to be within the range of laminar flow conditions.  Shen and Li (1973) identified the upper limit of laminar flow as corresponding to a Reynolds number of approximately 900 for sheet flow over a smooth surface.  The range of Reynolds numbers for these experiments was 162 to 554.  At each flow rate, runoff data from three runs were averaged to compute the mass flux versus time values, except when using LiCl.  Here only one run at 3.78 Lpm was performed.  The respective chloride salt was applied to the test section prior to each run.

A typical run consisted of using a spray bottle to apply approximately 30 ml of a brine solution containing 10 g of chloride salt as chloride ion to the level test section, for an applied areal density of 43.3 g/m2.  Initially, a hair dryer was used to evaporate the water.  This was thought to be hastening the removal of sand, thereby, causing the test surface to become smoother with subsequent runs.  Salts used for later runs were allowed to air dry for a period of 12 to 24 hours, depending on the relative humidity in the laboratory.  To simulate overland flow, tap water was passed over the salt laden test section and 150 ml samples were taken at set intervals at the downstream end of the flume over a 10 to 20 min runoff period, or until chloride readings approached background.  Flow depths were measured at the upstream and downstream ends of the test section in order to compute the friction factor and Reynolds number.  To obtain the friction factor for non-rainfall runs, the following equation was used (Chow 1959):


f = 8gRhSf/V2                                                                      (18)

where


Rh = hydraulic radius = {WY/(2Y + W)} [L],


W = flume width [L],


Y = average flow depth [L].

Reynolds numbers were calculated to confirm that the flow regime was within the laminar range,


Re = RhV/(                                                                       (19)

with


( = kinematic viscosity of overland flow at inlet temperature [L2/T].


Eqs. 18 and 19 were used to calculate the friction factor and Reynolds number.  Values for dimensionless mass flux and dimensionless time were obtained from Eqs. 9 and 10.  The washoff coefficient, k, was then determined using Eqs. 14 and 15.  Eq. 17 was applied to estimate the washoff coefficient, w. 

Procedures With Overland Flow and Superimposed Rainfall: Duplicate runs with NaCl were performed at 1.89, 3.78, and 6.06 Lpm overland flow including the addition of simulated rainfall at a flow rate of 0.27 Lpm.  The rainfall intensity was 6.86 cm/hr over the test area.  These runs were again within the range of a laminar flow condition.  The flow rate of 1.89 Lpm was chosen inadvertently, instead of repeating the rate of 2.27 Lpm used for experiments without rainfall.

The rainfall was not allowed to come into contact with the salt laden test surface until the overland flow had traveled across the test section at the downstream end of the flume. In all runs, this time delay interval was on the order of a few seconds.  Samples were then obtained in a procedure similar to that employed without rainfall.  Because of the turbulence created by the drops, it was difficult to measure flow depths with the Lory gauges; therefore, averages of several readings during the test run were used to obtain reasonably accurate flow velocities.  During each run, the anemometer was turned on to provide an output of the voltage required to maintain a constant hot film temperature.  The procedures followed to measure boundary shear with the hot film probe and constant temperature anemometer were as described by Bellhouse and Schultz (1966), Kisisel et al. (1973), and Blinco and Simons (1974).

Recall that Eq. 4 relates shear stress to the friction factor.  The boundary shear stress from each rainfall run was measured with the hot film probe.  This value was input into Eq. 4 to determine the friction factor.  Dimensionless mass flux and dimensionless time values were calculated in the same manner as for non-rainfall runs.  Eqs. 14 and 15 and Eq. 17 were again applied to the runoff data to estimate a value for k and w, respectively.

Experimental Results

Frictional Resistance: Figure 1 displays the friction factor versus Reynolds number relationships obtained with each point representing an average of three runs for a given flow rate, except for the KCl and LiCL runs wherein only one flow rate was used with three runs and one run performed, respectively.  The lower line is the theoretical smooth relationship given by f = 24/Re.  Note that the frictional relationships for each salt experiment are essentially parallel to this smooth correlation.

Vertical Transport Coefficient: In an effort to describe the vertical movement of chloride ions away from the surface on which the chloride compounds were applied, an average vertical transport coefficient, Dv, was computed for each set of runs assuming an analogy between momentum and mass transfer as a function of frictional resistance.  From Jobson and Sayer (1970), the vertical distribution of momentum is described by:


Em/(YV*) = (1 - n)/{d(V/V*)/dn}                                                     (20)

where


Em = vertical momentum transfer coefficient [L2/T],


n = relative depth given by y/Y [L/L], and


y = vertical coordinate distance [L].

For laminar conditions and an assumed parabolic velocity distribution (Chow 1959),


V = Vs(2n - n2)                                                                    (21)

where

 
Vs = velocity at surface [L/T].

Combining Eqs. 20 and 21 and noting that Vs approximately equals 3V/2 for a parabolic velocity distribution produces the following relationship for the average vertical momentum transfer coefficient,


Dv = V*2Y/3V                                                                      (22)

Eq. 22 was used to normalize mass flux for all runs including simulated rainfall.  Although the flow regime was laminar as defined by the Reynolds number (Eq. 19), droplet impact visually imparted turbulence to the upper portion of the water layer, where vertical movement takes place.


Table 1 summarizes the variables describing the average flow conditions for each chloride salt washed off the test section.  Flow depth, Y, Reynolds number, Re, friction factor, f, and shear velocity, V*, are displayed for the corresponding flow rates.  Table 2 provides calculated values for the vertical transport coefficients as determined by Eq. 22 for each respective run.

Figures 2 through 5 are plots of dimensionless mass flux versus dimensionless time with only overland flow applied to the test section.  All of the plots have been normalized to flow-related parameters, including flow depth, viscosity, shear velocity, and the vertical transport coefficient.  Figures 2 and 3 show the runoff data for the salts NaCl and CaCl2*H2O at flow rates of 1.89, 3.78, and 6.06 Lpm, respectively.  Figure 4 compares chloride mass flux for the monovalent salts of NaCl, KCl, and LiCl at a 3.78 Lpm flow rate.  Additionally, a monovalent/divalent comparison for NaCl versus CaCl2*H2O at a flow rate of 3.78 Lpm is provided in Figure 5.  Similar trends were observed for the 2.27 and 6.06 Lpm flow rates.  The dimensionless mass flux versus dimensionless time relationship for NaCl with and without the addition of simulated rainfall at a 3.78 Lpm flow rate is shown in Figure 6.  Again, a similar trend was observed for the 6.06 Lpm flow rate. A direct comparison of the lower flow rate experiments was not possible (1.89 versus 2.27 Lpm, respectively); however, the same trend existed in the plotted data.  Figure 7 shows the runoff data for NaCl under simulated rainfall for the flowrates of 1.89, 3.78, and 6.06 Lpm, respectively.  

Discussion

Normalization of Mass Flux: The associated hydraulic parameters and methodology needed to estimate a vertical transport coefficient by Eq. 22 and normalize the runoff data appear to be valid within experimental error; therefore, the dimensionless mass flux plots for a given salt should have collapsed to a single line.  Some non-flow-related factors may have been operative as there was not complete coalescence of the runoff data (Figures 2 and 3).  Since the normalization method considered only flow-related parameters, additional normalization procedures were attempted by considering such non-flow-related characteristics as aqueous solubility, molecular weight, diffusivity, heats of solution, and ionic radius of the cation.  Nothing seemed to help collapse this data.  In contrast, Figure 7 shows excellent normalization agreement for NaCl with simulated rainfall.

Boundary Shear and Frictional Resistance: By examination of Figure 1, it is apparent that the f-Re relationships were parallel to the theoretical smooth line, but with a greater frictional resistance.  This suggests that the measured depths and shear velocities used for the normalization of the flux versus time plots should be reasonably accurate.  It appears that frictional resistance depends upon the type of chloride salt used.  However, it should be noted that the test surface was becoming progressively less rough as sand was being removed during runoff.  Sand grains were visually evident in the collected runoff samples.

The test surface was roughest for the NaCl runs without rainfall.  For the LiCl run, performed following runs with the other three salts, it is apparent that the test surface had become smoother.  The simulated rainfall runs were conducted last under the smoothest surface condition.  This surface roughness phenomenon, however, was accounted for in the normalization procedure.  Any salinity effect on viscosity would be negligible at the measured chloride concentrations in the collected runoff samples.    

Washoff Coefficients (k): Akan (1987) cautiously described the washoff coefficient k as depending only on the pollutant characteristics.  If this is interpreted to mean that different chloride compounds will behave differently, this study provides differing results.  Although efforts were made to normalize the data, the washoff coefficients shown in Table 2 were found to vary among and between chloride compounds.  Figure 4 shows that the chloride detachment behavior of monovalent salts ( NaCl, KCl, and LiCl) was similar.  In contrast, a divalent chloride salt CaCl2*H2O behaved significantly different than the monovalent salt NaCl with a much lower washoff coefficient and slower mass flux from the test surface. 

The results shown in Figures 2 and 3 would at first appear to contradict the presumption that the washoff coefficient for a particular salt should be independent of hydraulic conditions.  As shown in Table 2, the k values were not found to be constant.  If the above presumption is correct, this could indicate that the normalization procedure used did not account for all factors that influence pollutant washoff, especially in the overland flow runs.  In general, the higher overland flow rates produced lower washoff coefficients (k is inversely proportional to Dv in Eq. 15).  For comparison with Table 2, Akan (1987) obtained a washoff coefficient of 1,600 m-1s-1 for NaCl using a set of experimental data from Nakamura (1984).  The washoff coefficient was treated as a calibration parameter for overall, cumulative pollutant loadings.   


For uniform flow, the vertical transport coefficient from Eq. 22 is equivalent to kinematic viscosity.  If kinematic viscosity is used in place of the calculated vertical transport coefficient in Eq. 15, the relative trends in washoff coefficients remain the same.  Viscosity was essentially constant for these runs, since the water temperature varied by only ( 1 oC between runs.  The collapse of the runoff data to a single curve was better for the overland flow only runs and not as good for the overland flow with simulated rainfall using viscosity for normalization.  However, because this work involves non-uniform overland sheet flow, the equivalence between the vertical transport coefficient and viscosity is only an approximation.

 Washoff Coefficients (w): The washoff coefficients, w, are given in Table 2 and were estimated using a load characteristic curve method (Eq. 17) derived from applying the exponential washoff equation (Eq. 16).  The values in Table 2 vary over an order of magnitude (0.018 to 0.18 mm-1) with the overland flow with simulated rainfall values being the highest.  A routinely used washoff coefficient value in water quality simulation models is 0.18 mm-1 (Alley 1981; Millar 1999). This assumes that a 12.7 mm/hr runoff will wash away 90 percent of the pollutant in 1 hr.  Chloride detachment observed herein is consistent in magnitude with field values reported in the literature.  For example, Millar (1999) determined washoff coefficients of 0.14 and 0.21 mm-1 for catchment areas in south Florida and central Texas for total lead and suspended solids, respectively.  Similarly, Alley (1981) analyzed eight periods of rainfall runoff at a south Florida watershed and evaluated washoff coefficients for suspended solids, total nitrogen, and total lead.  The values ranged from 0.036 to 0.43, 0.031 to 0.24, and 0.005 to 0.24 mm-1, respectively.


Since the two washoff coefficients, k and w, are used to analyze the same runoff events, there should be a correlation between them.  Equating Eqs. 1 and 6 yields the following relationship:

k = wR(/(                                                        (23)

For a given rate of runoff (R) and constant unit weight of water ((), the boundary shear stress (() is constant and, thus, k is proportional to w.  Figure 8 shows a linear correlation for the present data.  

Simulated Rainfall and Washoff Coefficients: The effect of the addition of rainfall on the washoff rate for NaCl is illustrated in Figure 6.  The values for the washoff coefficient were found to be much higher for the runs with simulated rain compared to those without rainfall.  This casts some doubt on the postulate that the washoff coefficient is a function of pollutant characteristics and is not influenced by hydraulic conditions.


The chloride mass was washed off at a significantly higher rate than with only overland flow as shown in Table 2.  Yoon and Wenzel (1971) provide some insight as to why the washoff coefficient is higher with rainfall.  The raindrops retard the flow because a transfer of momentum is required to accelerate the drops from zero velocity in the horizontal direction up to the velocity of overland flow.  This produces higher friction factors and increased shear at the test surface.  The result is rapid attenuation of mass flux, corresponding to a high washoff coefficient.


It is also possible that rainfall-induced turbulence becomes less applicable with increasing overland flow rates.  Because the rainfall intensity was constant, increasing overland flow rates may cause the rainfall effect to become less pronounced.  The result would be an overestimation of the value of Dv at the higher flow rates.  One could speculate that the data for different flow rates should show some separation as with the non-rainfall runs, if the same unidentified parameters are in effect.  If the above describes what actually occurs, the washoff constant may not be variable for shallow overland flow with superimposed simulated rainfall.  While it appears superficially that the washoff coefficient is variable under these conditions, verification of constancy or variability will depend upon additional research.


The differences in the effect of the raindrops at different overland flow rates were not considered.  The average drop diameter at the point of release from the hypodermic needle was approximately 2.5 mm, based on use of a small-scale ruler.  Yoon and Wenzel (1971) determined that flow depth to drop diameter ratios of 0.5 to 2.0 resulted in the drops penetration to the impermeable surface in stagnant waters.  In this study, it is conceivable that the drops may have penetrated fully to the impervious surface for the overland flow runs at 1.89 Lpm, but probably not for the 2.27 or 6.06 Lpm runs.  This is another possible source of variability of k values.

Boundary Shear and Simulated Rainfall: The objective in using the anemometer was the direct measurement of boundary shear with the addition of simulated rainfall.  The turbulence created by the drop impacts made it difficult to accurately measure the friction slope by depth measurements.  Depth measurements were performed, nevertheless, in order to compute the flow velocity.  Evidence that the depth measurements were valid was provided by a good correlation between friction factors computed from the measured depths and those measured directly with the anemometer.  In Figure 2, the 1.89 Lpm datum was excluded when the regressed line was plotted.  It is possible that this point is in error, because of the large amount of rainfall-induced turbulence relative to the small flow depth.

Conclusions and Recommendations

The primary objective of this research was to examine pollutant detachment for various chloride compounds as a function of boundary shear stress under overland flow and simulated rainfall conditions.  The washoff coefficient that describes the chloride removal rate was similar for each monovalent chloride compound (NaCl, KCl, and LiCl) studied at the same rate of runoff.  In comparison detachment rates for the single divalent chloride compound CaCl2*H2O was approximately one-half the monovalent NaCl.  In general, the washoff coefficient decreased as the rate of runoff increased.  Although it was not possible to completely normalize the data for different flow rates in the dimensionless mass flux versus dimensionless time plots using a derived average vertical transport coefficient based on a momentum and mass transfer analogy, it appears that the approach did account for most of the hydraulic phenomena.  Because of the increase in boundary shear stress, the washoff coefficient increased significantly with superimposed simulated rainfall, manifesting in a sharp decrease in mass flux as the cumulative runoff volume increased. 


In order to clarify if the washoff coefficient is a function of only pollutant characteristics, similar studies should be performed under varied hydraulic conditions using overland flow and overland flow with superimposed simulated rainfall.  It would be useful to study salt compounds with a common cation and different anions to determine if washoff coefficients are correlated with any chemical and physical property, for example, LiBr and LiCl, or CaCl2 and CaBr2.  Additionally, more work is needed to ascertain differences in detachment rates between monovalent and divalent compounds, such NaCl and CaCl2, or NaBr and MgBr2.  Examining more complex substances, such as organics, also provides fertile grounds for research into pollutant detachment rates. 
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APPENDIX II: NOTATION

Symbol








Units
A

Test section surface area




L2

C 

Chloride concentration




M/L3
Dv

Vertical transport coefficient



L2/T

f

Fanning friction factor







g

Acceleration due to gravity



L/T2
k

Washoff coefficient




L-1T-1
m

Slope of dimensionless mass flux plot


L/L

M

Areal density of chloride




M/L2
n

Relative depth (y/Y)




L/L

N

Mass flux





M/L2/T

N*

Dimensionless mass flux




P

Areal pollutant density




M/L2
Q

Flow rate





L3/T

R

Rate of runoff





L/T
Re

Reynolds number

Rh

Hydraulic radius





L

Sf

Friction slope or slope of the surface profile


L/L

t           

Time






T

t*

Dimensionless time

V

Flow velocity





L/T

V*

Shear velocity





L/T

VF

Cumulative runoff volume as a depth


L

VT

Total runoff volume as a depth



L

w

Washoff coefficient




L-1
YF

Fraction of total chloride load for a given event

(

Unit weight of water




M/L2T2
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Fig. 1 Friction Factor versus Reynolds Number.
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Fig. 2 Dimensionless Mass Flux versus Dimensionless Time for NaCl as a Function of Flow Rate.
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Fig. 3 Dimensionless Mass Flux versus Dimensionless Time for CaCl2*H2O as Function of Flow Rate.
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Fig. 4 Dimensionless Mass Flux versus Dimensionless Time for Monovalent Chloride Compounds (NaCl, KCl, and LiCl) at 3.78 Lpm.
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Fig. 5 Dimensionless Mass Flux versus Dimensionless Time for NaCl versus CaCl2*H2O at 3.78 Lpm.
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Fig. 6 Dimensionless Mass Flux versus Dimensionless Time for Simulated Rainfall versus Without Simulated Rainfall at 3.78 Lpm.
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Fig. 7 Dimensionless Mass Flux versus Dimensionless Time for NaCl under Simulated Rainfall.
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Fig. 8 Correlation of Washoff Coefficients.

Table 1.  Experimental Test Parameters showing Flow Depth (Y), Reynolds Number (Re), Friction Factor (f) and Shear Velocity (V*).

	Salt
	Q (Lpm)
	Y (cm)
	Re
	f
	V* (cm/s)

	NaCl
	2.27
	0.47
	197
	0.355
	0.88

	
	3.78
	0.50
	341
	0.192
	1.05

	
	6.06
	0.56
	533
	0.115
	1.16

	
	
	
	
	
	

	NaCla
	1.89
	0.48
	165
	0.433
	0.79

	
	2.27
	0.57
	335
	0.314
	1.16

	
	6.06
	0.60
	535
	0.188
	1.37

	
	
	
	
	
	

	CaCl2
	2.27
	0.46
	197
	0.272
	0.76

	
	3.78
	0.48
	336
	0.153
	0.95

	
	6.06
	0.53
	533
	0.095
	1.07

	
	
	
	
	
	

	KCl
	3.78
	0.49
	321
	0.150
	0.87

	
	
	
	
	
	

	LiCl
	3.78
	0.50
	317
	0.115
	0.76


a with simulated rainfall (0.27 Lpm or 6.86 cm/hr)

Table 2.  Experiment Test Parameters and Results showing Flow Rate (Q), Vertical Transport Coefficients (Dv), Washoff Coefficients (k), and Washoff Coefficients (w).

	Salt
	Q (Lpm)
	Dv (m2/s)*106
	k (m-1s-1)
	w (mm-1)

	NaCl
	0.6
	2.90
	1348
	0.065

	
	1.0
	2.71
	972
	0.040

	
	1.6
	2.58
	1197
	0.038

	
	
	
	
	

	NaCla
	0.5
	2.94
	3894
	0.181

	
	1.0
	4.38
	2527
	0.127

	
	1.6
	4.21
	2608
	0.114

	
	
	
	
	

	CaCl2
	0.6
	2.18
	708
	0.025

	
	1.0
	2.11
	705
	0.024

	
	1.6
	2.08
	441
	0.018

	
	
	
	
	

	KCl
	1.0
	1.97
	1337
	0.038

	
	
	
	
	

	LiCl
	1.0
	1.52
	1830
	0.039


a simulated rainfall (0.27 Lpm or 6.86 cm/hr)
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7.0024281067

3.7183337481

0

0

0

1.1620122612

3.074128102

0.5870145996

0

0

0

0.1586036615

1.218303958

0.1655191785

0

0

0

0.2832775086



		SquaresX		SquaresY		Tstar		Nstar

		0.903		10.956		1.76E+00		2.80E+01

		1.557		10.611		3.03E+00		2.34E+01

		2.195		9.732		4.28E+00		1.49E+01

		3.139		8.585		6.11E+00		8.26E+00

		4.471		7.032		8.71E+00		3.72E+00

		7.922		3.442		1.54E+01		5.87E-01

		11.045		0.98		2.15E+01		1.66E-01

		StarsX		StarsY		Tstar		Nstar

		0.605		11.681		1.18E+00		4.06E+01

		1.001		11.294		1.95E+00		3.33E+01

		1.414		10.589		2.75E+00		2.32E+01

		2.034		9.724		3.96E+00		1.48E+01

		2.868		8.263		5.59E+00		7.00E+00

		3.694		6.662		7.20E+00		3.07E+00

		5.117		4.862		9.97E+00		1.22E+00

		7.166		2.025		1.40E+01		2.83E-01

		TriX		TriY		Tstar		Nstar

		1.159		11.558		2.26E+00		3.81E+01

		1.962		10.801		3.82E+00		2.58E+01

		2.79		9.878		5.44E+00		1.61E+01

		4.053		8.589		7.90E+00		8.28E+00

		5.733		6.626		1.12E+01		3.02E+00

		7.233		4.77		1.41E+01		1.16E+00

		10.042		0.897		1.96E+01		1.59E-01





		0

		0

		0

		0

		0

		0

		0



NaCl 3.78 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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NaCl 2.27 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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NaCl 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



		0		1.7829457364		1.7635658915

		0		2.9341085271		2.8352713178

		0		4.003875969		3.9069767442

		0		5.8585271318		5.6686046512

		0		8.1569767442		7.8972868217

		0		10.3372093023		10.1589147287

		0		14.3662790698		14.1143410853

				20.1279069767



NaCl 3.78 lpm (3 Runs)

KCl 3.78 lpm (3 Runs)

LiCl 3.78 lpm (1 Run)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

25.6518126867

40.7265759125

0

24.6813814392

44.5384030612

0

19.1547001999

36.9928733334

0

12.2270503513

21.2840786437

0

5.6481100468

10.8019678059

0

2.7694217222

5.7418152907

0

1.2058391024

1.8373167403

0.1509645602



		0		1.7829457364		1.7635658915

		0		2.9341085271		2.8352713178

		0		4.003875969		3.9069767442

		0		5.8585271318		5.6686046512

		0		8.1569767442		7.8972868217

		0		10.3372093023		10.1589147287

		0		14.3662790698		14.1143410853

				20.1279069767



NaCl

KCl

LiCl

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

25.6518126867

40.7265759125

0

24.6813814392

44.5384030612

0

19.1547001999

36.9928733334

0

12.2270503513

21.2840786437

0

5.6481100468

10.8019678059

0

2.7694217222

5.7418152907

0

1.2058391024

1.8373167403

0.1509645602
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										0



6.06 Lpm

3.78 Lpm

2.27 Lpm

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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		0.329		11.905		2.16E-01		1.05E+02		0.903		10.956		1.76E+00		2.80E+01

		1.037		11.423		6.80E-01		7.95E+01		1.557		10.611		3.03E+00		2.34E+01

		2.093		9.563		1.37E+00		2.68E+01		2.195		9.732		4.28E+00		1.49E+01

		3.473		7.699		2.28E+00		9.02E+00		3.139		8.585		6.11E+00		8.26E+00

		4.938		6.715		3.24E+00		5.07E+00		4.471		7.032		8.71E+00		3.72E+00

		0.246		11.618		1.61E-01		8.91E+01		7.922		3.442		1.54E+01		5.87E-01

		0.853		11.563		5.59E-01		8.63E+01		11.045		0.98		2.15E+01		1.66E-01

		1.695		10.195		1.11E+00		3.88E+01		0.605		11.681		1.18E+00		4.06E+01

		2.826		7.871		1.85E+00		9.97E+00		1.001		11.294		1.95E+00		3.33E+01

		3.967		6.512		2.60E+00		4.50E+00		1.414		10.589		2.75E+00		2.32E+01

		5.736		5.527		3.76E+00		2.53E+00		2.034		9.724		3.96E+00		1.48E+01

		0.373		11.618		2.45E-01		8.91E+01		2.868		8.263		5.59E+00		7.00E+00

		1.175		11.18		7.70E-01		6.90E+01		3.694		6.662		7.20E+00		3.07E+00

		2.287		9.302		1.50E+00		2.30E+01		5.117		4.862		9.97E+00		1.22E+00

		3.893		7.208		2.55E+00		6.77E+00		7.166		2.025		1.40E+01		2.83E-01

		5.513		5.844		3.62E+00		3.05E+00		1.159		11.558		2.26E+00		3.81E+01

										1.962		10.801		3.82E+00		2.58E+01

										2.79		9.878		5.44E+00		1.61E+01

										4.053		8.589		7.90E+00		8.28E+00

										5.733		6.626		1.12E+01		3.02E+00

										7.233		4.77		1.41E+01		1.16E+00

										10.042		0.897		1.96E+01		1.59E-01
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Chart6

		0.2157377049				1.7590909091

		0.68				3.0331168831

		1.3724590164				4.275974026

		2.2773770492				6.1149350649

		3.2380327869				8.7097402597

						15.4324675325

						21.5162337662



Simulated Rain

Without Simulated Rain

t* = tV*2/Dv x 10-3

N* = NY/MV* x 10+4

152.8412766947

27.9662937593

113.5846644638

23.4202417266

36.1263336954

14.9038279078

11.4619417068

8.2633465084

6.2526895108

3.7183337481

0.5870145996

0.1655191785



RawData

		Graph 1						Graph 2						Graph 3						Graph 4

		Squares						Squares						Squares						Squares

		0.329		11.905				0.92		10.788				0.988		10.336				0.903		10.956

		1.037		11.423				1.514		10.713				1.589		10.479				1.557		10.611

		2.093		9.563				2.066		10.22				2.266		10.104				2.195		9.732

		3.473		7.699				3.023		9.347				3.281		9.511				3.139		8.585

		4.938		6.715				4.209		7.845				4.601		8.567				4.471		7.032

		7.079		5.656				5.334		6.459				5.982		7.704				7.922		3.442

		9.948		3.58				7.413		4.842				8.301		6.375				11.045		0.98

		Stars						10.386		0.801				11.597		4.618				Stars

								Stars						Stars						0.605		11.681

		0.246		11.618				0.91		11.687				0.59		9.568				1.001		11.294

		0.853		11.563				1.463		11.861				1.006		9.973				1.414		10.589

		1.695		10.195				2.016		11.5				1.433		9.993				2.034		9.724

		2.826		7.871				2.925		10.425				1.983		9.713				2.868		8.263

		3.967		6.512				4.075		9.106				2.822		9.216				3.694		6.662

		5.736		5.527				5.242		7.877				3.617		8.511				5.117		4.862

		8.068		4.098				7.283		5.661				5.082		7.524				7.166		2.025

		10.379		2.566										7.145		6.124				Triangles

		Triangles												Triangles						1.159		11.558

		0.373		11.618										1.23		9.416				1.962		10.801

		1.175		11.18										2.056		9.629				2.79		9.878

		2.287		9.302										2.911		9.57				4.053		8.589

		3.893		7.208										4.176		9.251				5.733		6.626

		5.513		5.844										5.905		8.485				7.233		4.77

		7.96		4.785										7.572		7.596				10.042		0.897

		11.147		3.119										10.518		6.478

														14.807		5.095





NaClppt

		SquaresX		SquaresY		Tstar		Nstar

		0.329		11.905		2.16E-01		1.53E+02

		1.037		11.423		6.80E-01		1.14E+02

		2.093		9.563		1.37E+00		3.61E+01

		3.473		7.699		2.28E+00		1.15E+01

		4.938		6.715		3.24E+00		6.25E+00

		7.079		5.656		4.64E+00		3.26E+00

		9.948		3.58		6.52E+00		9.07E-01

		StarsX		StarsY		Tstar		Nstar

		0.246		11.618		1.90E-01		1.28E+02

		0.853		11.563		6.58E-01		1.24E+02

		1.695		10.195		1.31E+00		5.33E+01

		2.826		7.871		2.18E+00		1.27E+01

		3.967		6.512		3.06E+00		5.52E+00

		5.736		5.527		4.42E+00		3.01E+00

		8.068		4.098		6.22E+00		1.25E+00

		10.379		2.566		8.00E+00		4.86E-01

		TriX		TriY		Tstar		Nstar

		0.373		11.618		1.89E-01		1.28E+02

		1.175		11.18		5.96E-01		9.78E+01

		2.287		9.302		1.16E+00		3.08E+01

		3.893		7.208		1.98E+00		8.47E+00

		5.513		5.844		2.80E+00		3.66E+00

		7.96		4.785		4.04E+00		1.90E+00

		11.147		3.119		5.66E+00		6.83E-01





NaClppt
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NaCl 3.78 lpm (3 Runs)
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NaCl 1.89 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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CaCl2

		0

		0

		0

		0

		0

		0

		0



NaCl 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



NaCl

		0				1.1785714286

		0				1.95

		0				2.7545454545

		0				3.9623376623

		0				5.587012987

		0				7.1961038961

						9.9681818182

						13.9597402597



1.89 Lpm with rain

1.89 Lpm without rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

40.6011196887

0

33.2747847568

0

23.1567950385

0

14.8426453405

0

7.0024281067

0

3.074128102

1.218303958

0.2832775086



AllNaClppt

		0				2.2577922078

		0				3.8220779221

		0				5.4350649351

		0				7.8954545455

		0				11.1681818182

						14.0902597403

						19.5623376623



6.06 Lpm with rain

6.06 Lpm without rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

38.1127523624

0

25.823859487

0

16.0657779771

0

8.2803600801

0

3.0177456662

1.1620122612

0.1586036615



		0				1.7590909091

		0				3.0331168831

		0				4.275974026

		0				6.1149350649

		0				8.7097402597

						15.4324675325

						21.5162337662



Simulated Rain

Without Simulated Rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

27.9662937593

0

23.4202417266

0

14.9038279078

0

8.2633465084

0

3.7183337481

0.5870145996

0.1655191785



		SquaresX		SquaresY		Tstar		Nstar

		0.92		10.788		1.78E+00		2.57E+01

		1.514		10.713		2.93E+00		2.47E+01

		2.066		10.22		4.00E+00		1.92E+01

		3.023		9.347		5.86E+00		1.22E+01

		4.209		7.845		8.16E+00		5.65E+00

		5.334		6.459		1.03E+01		2.77E+00

		7.413		4.842		1.44E+01		1.21E+00

		10.386		0.801		2.01E+01		1.51E-01

		StarsX		StarsY		Tstar		Nstar

		0.91		11.687		1.76E+00		4.07E+01

		1.463		11.861		2.84E+00		4.45E+01

		2.016		11.5		3.91E+00		3.70E+01

		2.925		10.425		5.67E+00		2.13E+01

		4.075		9.106		7.90E+00		1.08E+01

		5.242		7.877		1.02E+01		5.74E+00

		7.283		5.661		1.41E+01		1.84E+00
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KCl 3.78 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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LiCl 3.78 lpm (1 Run)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0
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		SquaresX		SquaresY		Tstar		Nstar

		0.988		10.336		1.92E+00		2.03E+01

		1.589		10.479		3.10E+00		2.19E+01

		2.266		10.104		4.41E+00		1.80E+01

		3.281		9.511		6.39E+00		1.33E+01

		4.601		8.567		8.96E+00		8.19E+00

		5.982		7.704		1.17E+01		5.25E+00

		8.301		6.375		1.62E+01		2.65E+00

		11.597		4.618		2.26E+01		1.07E+00

		StarsX		StarsY		Tstar		Nstar

		0.59		9.568		1.15E+00		1.37E+01

		1.006		9.973		1.96E+00		1.69E+01

		1.433		9.993		2.79E+00		1.70E+01

		1.983		9.713		3.86E+00		1.48E+01

		2.822		9.216		5.50E+00		1.14E+01

		3.617		8.511		7.05E+00		7.95E+00

		5.082		7.524		9.90E+00		4.79E+00

		7.145		6.124		1.39E+01		2.33E+00

		TriX		TriY		Tstar		Nstar

		1.23		9.416		2.40E+00		1.27E+01

		2.056		9.629		4.01E+00		1.41E+01

		2.911		9.57		5.67E+00		1.37E+01

		4.176		9.251		8.14E+00		1.16E+01

		5.905		8.485		1.15E+01		7.85E+00

		7.572		7.596		1.48E+01		4.97E+00

		10.518		6.478		2.05E+01		2.80E+00

		14.807		5.095		2.88E+01		1.37E+00
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CaCl2 3.78 lpm (3 Runs)
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Dimensionless Flux x 10+4
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CaCl2 2.27 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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CaCl2 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0
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		0				1.7590909091

		0				3.0331168831

		0				4.275974026

		0				6.1149350649

		0				8.7097402597

		0				15.4324675325

		0				21.5162337662

		0



CaCl2

NaCl

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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		0				13.9597402597



CaCl2 2.27 Lpm

NaCl  2.27 Lpm

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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CaCl2 6.06 Lpm
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Dimensionless Flux x 10+4
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6.06 Lpm

3.78 Lpm

2.27 Lpm

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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		0		0		0		2.2577922078		1.1785714286		1.7590909091

		0		0		0		3.8220779221		1.95		3.0331168831

		0		0		0		5.4350649351		2.7545454545		4.275974026

		0		0		0		7.8954545455		3.9623376623		6.1149350649

		0		0		0		11.1681818182		5.587012987		8.7097402597

		0		0		0		14.0902597403		7.1961038961		15.4324675325

		0		0		0		19.5623376623		9.9681818182		21.5162337662

		0		0		0				13.9597402597



CaCl2

3.78 Lpm

2.27 Lpm

NaCl

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

38.1127523624

40.6011196887

27.9662937593

0

0

0

25.823859487

33.2747847568

23.4202417266

0

0

0

16.0657779771

23.1567950385

14.9038279078

0

0

0

8.2803600801

14.8426453405

8.2633465084

0

0

0

3.0177456662

7.0024281067

3.7183337481

0

0

0

1.1620122612

3.074128102

0.5870145996

0

0

0

0.1586036615

1.218303958

0.1655191785

0

0

0

0.2832775086



		SquaresX		SquaresY		Tstar		Nstar

		0.903		10.956		1.76E+00		2.80E+01

		1.557		10.611		3.03E+00		2.34E+01

		2.195		9.732		4.28E+00		1.49E+01

		3.139		8.585		6.11E+00		8.26E+00

		4.471		7.032		8.71E+00		3.72E+00

		7.922		3.442		1.54E+01		5.87E-01

		11.045		0.98		2.15E+01		1.66E-01

		StarsX		StarsY		Tstar		Nstar

		0.605		11.681		1.18E+00		4.06E+01

		1.001		11.294		1.95E+00		3.33E+01

		1.414		10.589		2.75E+00		2.32E+01

		2.034		9.724		3.96E+00		1.48E+01

		2.868		8.263		5.59E+00		7.00E+00

		3.694		6.662		7.20E+00		3.07E+00

		5.117		4.862		9.97E+00		1.22E+00

		7.166		2.025		1.40E+01		2.83E-01

		TriX		TriY		Tstar		Nstar

		1.159		11.558		2.26E+00		3.81E+01

		1.962		10.801		3.82E+00		2.58E+01

		2.79		9.878		5.44E+00		1.61E+01

		4.053		8.589		7.90E+00		8.28E+00

		5.733		6.626		1.12E+01		3.02E+00

		7.233		4.77		1.41E+01		1.16E+00

		10.042		0.897		1.96E+01		1.59E-01





		0

		0

		0

		0

		0

		0

		0



NaCl 3.78 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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NaCl 2.27 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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NaCl 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



		0		1.7829457364		1.7635658915

		0		2.9341085271		2.8352713178

		0		4.003875969		3.9069767442

		0		5.8585271318		5.6686046512

		0		8.1569767442		7.8972868217

		0		10.3372093023		10.1589147287

		0		14.3662790698		14.1143410853

				20.1279069767



NaCl 3.78 lpm (3 Runs)

KCl 3.78 lpm (3 Runs)

LiCl 3.78 lpm (1 Run)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

25.6518126867

40.7265759125

0

24.6813814392

44.5384030612

0

19.1547001999

36.9928733334

0

12.2270503513

21.2840786437

0

5.6481100468

10.8019678059

0

2.7694217222

5.7418152907

0

1.2058391024

1.8373167403

0.1509645602



		0		1.7829457364		1.7635658915

		0		2.9341085271		2.8352713178

		0		4.003875969		3.9069767442

		0		5.8585271318		5.6686046512

		0		8.1569767442		7.8972868217

		0		10.3372093023		10.1589147287

		0		14.3662790698		14.1143410853

				20.1279069767



NaCl

KCl

LiCl

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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5.6481100468

10.8019678059

0
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1.2058391024
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		0.329		11.905		2.16E-01		1.05E+02		0.903		10.956		1.76E+00		2.80E+01

		1.037		11.423		6.80E-01		7.95E+01		1.557		10.611		3.03E+00		2.34E+01

		2.093		9.563		1.37E+00		2.68E+01		2.195		9.732		4.28E+00		1.49E+01

		3.473		7.699		2.28E+00		9.02E+00		3.139		8.585		6.11E+00		8.26E+00

		4.938		6.715		3.24E+00		5.07E+00		4.471		7.032		8.71E+00		3.72E+00

		0.246		11.618		1.61E-01		8.91E+01		7.922		3.442		1.54E+01		5.87E-01

		0.853		11.563		5.59E-01		8.63E+01		11.045		0.98		2.15E+01		1.66E-01

		1.695		10.195		1.11E+00		3.88E+01		0.605		11.681		1.18E+00		4.06E+01

		2.826		7.871		1.85E+00		9.97E+00		1.001		11.294		1.95E+00		3.33E+01

		3.967		6.512		2.60E+00		4.50E+00		1.414		10.589		2.75E+00		2.32E+01

		5.736		5.527		3.76E+00		2.53E+00		2.034		9.724		3.96E+00		1.48E+01

		0.373		11.618		2.45E-01		8.91E+01		2.868		8.263		5.59E+00		7.00E+00

		1.175		11.18		7.70E-01		6.90E+01		3.694		6.662		7.20E+00		3.07E+00

		2.287		9.302		1.50E+00		2.30E+01		5.117		4.862		9.97E+00		1.22E+00

		3.893		7.208		2.55E+00		6.77E+00		7.166		2.025		1.40E+01		2.83E-01

		5.513		5.844		3.62E+00		3.05E+00		1.159		11.558		2.26E+00		3.81E+01

										1.962		10.801		3.82E+00		2.58E+01

										2.79		9.878		5.44E+00		1.61E+01

										4.053		8.589		7.90E+00		8.28E+00

										5.733		6.626		1.12E+01		3.02E+00

										7.233		4.77		1.41E+01		1.16E+00

										10.042		0.897		1.96E+01		1.59E-01
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Chart7

		0.1892876085				0.2157377049				0.1897022951

		0.5962813404				0.68				0.6577888525

		1.1605918515				1.3724590164				1.307095082

		1.9755942623				2.2773770492				2.1792629508

		2.7977013018				3.2380327869				3.0591422951

										4.4233022951



6.06 Lpm

3.78 Lpm

1.89 Lpm

t* = tV*2/Dv x 10-3

N* = NY/MV* x 10+4

128.0785842222

152.8412766947

128.0785842222

97.7967177056

113.5846644638

123.8128215115

30.7619592971

36.1263336954

53.3169719375

8.4709086882

11.4619417068

12.7427506318

3.6567876322

6.2526895108

5.5178549236

3.0082330268



RawData

		Graph 1						Graph 2						Graph 3						Graph 4

		Squares						Squares						Squares						Squares

		0.329		11.905				0.92		10.788				0.988		10.336				0.903		10.956

		1.037		11.423				1.514		10.713				1.589		10.479				1.557		10.611

		2.093		9.563				2.066		10.22				2.266		10.104				2.195		9.732

		3.473		7.699				3.023		9.347				3.281		9.511				3.139		8.585

		4.938		6.715				4.209		7.845				4.601		8.567				4.471		7.032

		7.079		5.656				5.334		6.459				5.982		7.704				7.922		3.442

		9.948		3.58				7.413		4.842				8.301		6.375				11.045		0.98

		Stars						10.386		0.801				11.597		4.618				Stars

								Stars						Stars						0.605		11.681

		0.246		11.618				0.91		11.687				0.59		9.568				1.001		11.294

		0.853		11.563				1.463		11.861				1.006		9.973				1.414		10.589

		1.695		10.195				2.016		11.5				1.433		9.993				2.034		9.724

		2.826		7.871				2.925		10.425				1.983		9.713				2.868		8.263

		3.967		6.512				4.075		9.106				2.822		9.216				3.694		6.662

		5.736		5.527				5.242		7.877				3.617		8.511				5.117		4.862

		8.068		4.098				7.283		5.661				5.082		7.524				7.166		2.025

		10.379		2.566										7.145		6.124				Triangles

		Triangles												Triangles						1.159		11.558

		0.373		11.618										1.23		9.416				1.962		10.801

		1.175		11.18										2.056		9.629				2.79		9.878

		2.287		9.302										2.911		9.57				4.053		8.589

		3.893		7.208										4.176		9.251				5.733		6.626

		5.513		5.844										5.905		8.485				7.233		4.77

		7.96		4.785										7.572		7.596				10.042		0.897

		11.147		3.119										10.518		6.478

														14.807		5.095





NaClppt

		SquaresX		SquaresY		Tstar		Nstar

		0.329		11.905		2.16E-01		1.53E+02

		1.037		11.423		6.80E-01		1.14E+02

		2.093		9.563		1.37E+00		3.61E+01

		3.473		7.699		2.28E+00		1.15E+01

		4.938		6.715		3.24E+00		6.25E+00

		7.079		5.656		4.64E+00		3.26E+00

		9.948		3.58		6.52E+00		9.07E-01

		StarsX		StarsY		Tstar		Nstar

		0.246		11.618		1.90E-01		1.28E+02

		0.853		11.563		6.58E-01		1.24E+02

		1.695		10.195		1.31E+00		5.33E+01

		2.826		7.871		2.18E+00		1.27E+01

		3.967		6.512		3.06E+00		5.52E+00

		5.736		5.527		4.42E+00		3.01E+00

		8.068		4.098		6.22E+00		1.25E+00

		10.379		2.566		8.00E+00		4.86E-01

		TriX		TriY		Tstar		Nstar

		0.373		11.618		1.89E-01		1.28E+02

		1.175		11.18		5.96E-01		9.78E+01

		2.287		9.302		1.16E+00		3.08E+01

		3.893		7.208		1.98E+00		8.47E+00

		5.513		5.844		2.80E+00		3.66E+00

		7.96		4.785		4.04E+00		1.90E+00

		11.147		3.119		5.66E+00		6.83E-01





NaClppt
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NaCl 3.78 lpm (3 Runs)
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NaCl 1.89 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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CaCl2
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NaCl 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



NaCl

		0				1.1785714286

		0				1.95

		0				2.7545454545

		0				3.9623376623

		0				5.587012987

		0				7.1961038961

						9.9681818182

						13.9597402597



1.89 Lpm with rain

1.89 Lpm without rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

40.6011196887

0

33.2747847568

0

23.1567950385

0

14.8426453405

0

7.0024281067

0

3.074128102

1.218303958

0.2832775086



AllNaClppt

		0				2.2577922078

		0				3.8220779221

		0				5.4350649351

		0				7.8954545455

		0				11.1681818182

						14.0902597403

						19.5623376623



6.06 Lpm with rain

6.06 Lpm without rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

38.1127523624

0

25.823859487

0

16.0657779771

0

8.2803600801

0

3.0177456662

1.1620122612

0.1586036615



		0				1.7590909091

		0				3.0331168831

		0				4.275974026

		0				6.1149350649

		0				8.7097402597

						15.4324675325

						21.5162337662



Simulated Rain

Without Simulated Rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

27.9662937593

0

23.4202417266

0

14.9038279078

0

8.2633465084

0

3.7183337481

0.5870145996

0.1655191785
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		SquaresX		SquaresY		Tstar		Nstar

		0.92		10.788		1.78E+00		2.57E+01

		1.514		10.713		2.93E+00		2.47E+01

		2.066		10.22		4.00E+00		1.92E+01

		3.023		9.347		5.86E+00		1.22E+01

		4.209		7.845		8.16E+00		5.65E+00

		5.334		6.459		1.03E+01		2.77E+00

		7.413		4.842		1.44E+01		1.21E+00

		10.386		0.801		2.01E+01		1.51E-01

		StarsX		StarsY		Tstar		Nstar

		0.91		11.687		1.76E+00		4.07E+01

		1.463		11.861		2.84E+00		4.45E+01

		2.016		11.5		3.91E+00		3.70E+01

		2.925		10.425		5.67E+00		2.13E+01

		4.075		9.106		7.90E+00		1.08E+01

		5.242		7.877		1.02E+01		5.74E+00

		7.283		5.661		1.41E+01		1.84E+00





		0

		0

		0

		0

		0

		0

		0



KCl 3.78 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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LiCl 3.78 lpm (1 Run)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0

0



		SquaresX		SquaresY		Tstar		Nstar

		0.988		10.336		1.92E+00		2.03E+01

		1.589		10.479		3.10E+00		2.19E+01

		2.266		10.104		4.41E+00		1.80E+01

		3.281		9.511		6.39E+00		1.33E+01

		4.601		8.567		8.96E+00		8.19E+00

		5.982		7.704		1.17E+01		5.25E+00

		8.301		6.375		1.62E+01		2.65E+00

		11.597		4.618		2.26E+01		1.07E+00

		StarsX		StarsY		Tstar		Nstar

		0.59		9.568		1.15E+00		1.37E+01

		1.006		9.973		1.96E+00		1.69E+01

		1.433		9.993		2.79E+00		1.70E+01

		1.983		9.713		3.86E+00		1.48E+01

		2.822		9.216		5.50E+00		1.14E+01

		3.617		8.511		7.05E+00		7.95E+00

		5.082		7.524		9.90E+00		4.79E+00

		7.145		6.124		1.39E+01		2.33E+00

		TriX		TriY		Tstar		Nstar

		1.23		9.416		2.40E+00		1.27E+01

		2.056		9.629		4.01E+00		1.41E+01

		2.911		9.57		5.67E+00		1.37E+01

		4.176		9.251		8.14E+00		1.16E+01

		5.905		8.485		1.15E+01		7.85E+00

		7.572		7.596		1.48E+01		4.97E+00

		10.518		6.478		2.05E+01		2.80E+00

		14.807		5.095		2.88E+01		1.37E+00
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CaCl2 3.78 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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		Flow		NaCl		CaCl2		KCl		LiCl		Ratio		NaClK		CaCl2K		KClK		LiCLK		w mm-1		K

		2.27		0.064909752		0.025418526						2.55		1348.22		707.87						0.064909752		1348.22

		3.78		0.039975696		0.023729802		0.037754055		0.039438165		1.68		972.08		704.86		1337.23		1830.57		0.039975696		972.08

		6.06		0.037551039		0.011763393						3.19		1197.00		440.71						0.037551039		1197

																						0.025418526		707.87

		Flow		NaClrain		Ratio		NaClrainK														0.023729802		704.86

		1.89		0.18130713		2.79		3894.15														0.011763393		440.71

		3.78		0.12683886		3.17		2527.1														0.18130713		3894.15

		6.06		0.114111141		3.04		2607.79														0.12683886		2527.1
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		Salt		Flowgpm		FlowLps		Depth		Vcms		f		Vscms		Dvlam		Dvlam		Dvave		fVdivY		kmass				fest

		NaCl		0.6		0.0379		0.47		3.96		0.355		0.88		3.06E-06		2.76E-06		2.91E-06		2.99		2.03E-03				0.394

				1		0.0631		0.50		6.21		0.192		1.05		2.96E-06		2.48E-06		2.72E-06		2.38		1.72E-03				0.229
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				1.6		0.1009		0.60		8.28		0.188		1.37		4.53E-06		3.89E-06		4.21E-06		2.59		2.24E-03				0.219
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		LiCl		1		0.0631		0.50		6.21		0.115		0.76		1.55E-06		1.49E-06		1.52E-06		1.43		1.15E-03				0.120
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		Triangles												Triangles						1.159		11.558

		0.373		11.618										1.23		9.416				1.962		10.801

		1.175		11.18										2.056		9.629				2.79		9.878

		2.287		9.302										2.911		9.57				4.053		8.589

		3.893		7.208										4.176		9.251				5.733		6.626

		5.513		5.844										5.905		8.485				7.233		4.77

		7.96		4.785										7.572		7.596				10.042		0.897

		11.147		3.119										10.518		6.478

														14.807		5.095





NaClppt

		SquaresX		SquaresY		Tstar		Nstar

		0.329		11.905		2.16E-01		1.53E+02

		1.037		11.423		6.80E-01		1.14E+02

		2.093		9.563		1.37E+00		3.61E+01

		3.473		7.699		2.28E+00		1.15E+01

		4.938		6.715		3.24E+00		6.25E+00

		7.079		5.656		4.64E+00		3.26E+00

		9.948		3.58		6.52E+00		9.07E-01

		StarsX		StarsY		Tstar		Nstar

		0.246		11.618		1.90E-01		1.28E+02

		0.853		11.563		6.58E-01		1.24E+02

		1.695		10.195		1.31E+00		5.33E+01

		2.826		7.871		2.18E+00		1.27E+01

		3.967		6.512		3.06E+00		5.52E+00

		5.736		5.527		4.42E+00		3.01E+00

		8.068		4.098		6.22E+00		1.25E+00

		10.379		2.566		8.00E+00		4.86E-01

		TriX		TriY		Tstar		Nstar

		0.373		11.618		1.89E-01		1.28E+02

		1.175		11.18		5.96E-01		9.78E+01

		2.287		9.302		1.16E+00		3.08E+01

		3.893		7.208		1.98E+00		8.47E+00

		5.513		5.844		2.80E+00		3.66E+00

		7.96		4.785		4.04E+00		1.90E+00

		11.147		3.119		5.66E+00		6.83E-01
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		SquaresX		SquaresY		Tstar		Nstar

		0.92		10.788		1.78E+00		2.57E+01

		1.514		10.713		2.93E+00		2.47E+01

		2.066		10.22		4.00E+00		1.92E+01

		3.023		9.347		5.86E+00		1.22E+01

		4.209		7.845		8.16E+00		5.65E+00

		5.334		6.459		1.03E+01		2.77E+00

		7.413		4.842		1.44E+01		1.21E+00

		10.386		0.801		2.01E+01		1.51E-01

		StarsX		StarsY		Tstar		Nstar

		0.91		11.687		1.76E+00		4.07E+01

		1.463		11.861		2.84E+00		4.45E+01

		2.016		11.5		3.91E+00		3.70E+01

		2.925		10.425		5.67E+00		2.13E+01

		4.075		9.106		7.90E+00		1.08E+01

		5.242		7.877		1.02E+01		5.74E+00

		7.283		5.661		1.41E+01		1.84E+00
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		SquaresX		SquaresY		Tstar		Nstar

		0.988		10.336		1.92E+00		2.03E+01

		1.589		10.479		3.10E+00		2.19E+01

		2.266		10.104		4.41E+00		1.80E+01

		3.281		9.511		6.39E+00		1.33E+01

		4.601		8.567		8.96E+00		8.19E+00

		5.982		7.704		1.17E+01		5.25E+00

		8.301		6.375		1.62E+01		2.65E+00

		11.597		4.618		2.26E+01		1.07E+00

		StarsX		StarsY		Tstar		Nstar

		0.59		9.568		1.15E+00		1.37E+01

		1.006		9.973		1.96E+00		1.69E+01

		1.433		9.993		2.79E+00		1.70E+01

		1.983		9.713		3.86E+00		1.48E+01

		2.822		9.216		5.50E+00		1.14E+01

		3.617		8.511		7.05E+00		7.95E+00

		5.082		7.524		9.90E+00		4.79E+00

		7.145		6.124		1.39E+01		2.33E+00

		TriX		TriY		Tstar		Nstar

		1.23		9.416		2.40E+00		1.27E+01

		2.056		9.629		4.01E+00		1.41E+01

		2.911		9.57		5.67E+00		1.37E+01

		4.176		9.251		8.14E+00		1.16E+01

		5.905		8.485		1.15E+01		7.85E+00

		7.572		7.596		1.48E+01		4.97E+00

		10.518		6.478		2.05E+01		2.80E+00

		14.807		5.095		2.88E+01		1.37E+00
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		0		0		0				13.9597402597



CaCl2

3.78 Lpm

2.27 Lpm

NaCl

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

38.1127523624

40.6011196887

27.9662937593

0

0

0

25.823859487

33.2747847568

23.4202417266

0

0

0

16.0657779771

23.1567950385

14.9038279078

0

0

0

8.2803600801

14.8426453405

8.2633465084

0

0

0

3.0177456662

7.0024281067

3.7183337481

0

0

0

1.1620122612

3.074128102

0.5870145996

0

0

0

0.1586036615

1.218303958

0.1655191785

0

0

0

0.2832775086



		SquaresX		SquaresY		Tstar		Nstar

		0.903		10.956		1.76E+00		2.80E+01

		1.557		10.611		3.03E+00		2.34E+01

		2.195		9.732		4.28E+00		1.49E+01

		3.139		8.585		6.11E+00		8.26E+00

		4.471		7.032		8.71E+00		3.72E+00

		7.922		3.442		1.54E+01		5.87E-01

		11.045		0.98		2.15E+01		1.66E-01

		StarsX		StarsY		Tstar		Nstar

		0.605		11.681		1.18E+00		4.06E+01

		1.001		11.294		1.95E+00		3.33E+01

		1.414		10.589		2.75E+00		2.32E+01

		2.034		9.724		3.96E+00		1.48E+01

		2.868		8.263		5.59E+00		7.00E+00

		3.694		6.662		7.20E+00		3.07E+00

		5.117		4.862		9.97E+00		1.22E+00

		7.166		2.025		1.40E+01		2.83E-01

		TriX		TriY		Tstar		Nstar

		1.159		11.558		2.26E+00		3.81E+01

		1.962		10.801		3.82E+00		2.58E+01

		2.79		9.878		5.44E+00		1.61E+01

		4.053		8.589		7.90E+00		8.28E+00

		5.733		6.626		1.12E+01		3.02E+00

		7.233		4.77		1.41E+01		1.16E+00

		10.042		0.897		1.96E+01		1.59E-01
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23.1567950385

8.2803600801

8.2633465084

14.8426453405

3.0177456662

3.7183337481

7.0024281067

1.1620122612

0.5870145996

3.074128102

0.1586036615

0.1655191785

1.218303958

0.2832775086



RawData

		Graph 1						Graph 2						Graph 3						Graph 4

		Squares						Squares						Squares						Squares

		0.329		11.905				0.92		10.788				0.988		10.336				0.903		10.956

		1.037		11.423				1.514		10.713				1.589		10.479				1.557		10.611

		2.093		9.563				2.066		10.22				2.266		10.104				2.195		9.732

		3.473		7.699				3.023		9.347				3.281		9.511				3.139		8.585

		4.938		6.715				4.209		7.845				4.601		8.567				4.471		7.032

		7.079		5.656				5.334		6.459				5.982		7.704				7.922		3.442

		9.948		3.58				7.413		4.842				8.301		6.375				11.045		0.98

		Stars						10.386		0.801				11.597		4.618				Stars

								Stars						Stars						0.605		11.681

		0.246		11.618				0.91		11.687				0.59		9.568				1.001		11.294

		0.853		11.563				1.463		11.861				1.006		9.973				1.414		10.589

		1.695		10.195				2.016		11.5				1.433		9.993				2.034		9.724

		2.826		7.871				2.925		10.425				1.983		9.713				2.868		8.263

		3.967		6.512				4.075		9.106				2.822		9.216				3.694		6.662

		5.736		5.527				5.242		7.877				3.617		8.511				5.117		4.862

		8.068		4.098				7.283		5.661				5.082		7.524				7.166		2.025

		10.379		2.566										7.145		6.124				Triangles

		Triangles												Triangles						1.159		11.558

		0.373		11.618										1.23		9.416				1.962		10.801

		1.175		11.18										2.056		9.629				2.79		9.878

		2.287		9.302										2.911		9.57				4.053		8.589

		3.893		7.208										4.176		9.251				5.733		6.626

		5.513		5.844										5.905		8.485				7.233		4.77

		7.96		4.785										7.572		7.596				10.042		0.897

		11.147		3.119										10.518		6.478

														14.807		5.095





NaClppt

		SquaresX		SquaresY		Tstar		Nstar

		0.329		11.905		2.16E-01		1.53E+02

		1.037		11.423		6.80E-01		1.14E+02

		2.093		9.563		1.37E+00		3.61E+01

		3.473		7.699		2.28E+00		1.15E+01

		4.938		6.715		3.24E+00		6.25E+00

		7.079		5.656		4.64E+00		3.26E+00

		9.948		3.58		6.52E+00		9.07E-01

		StarsX		StarsY		Tstar		Nstar

		0.246		11.618		1.90E-01		1.28E+02

		0.853		11.563		6.58E-01		1.24E+02

		1.695		10.195		1.31E+00		5.33E+01

		2.826		7.871		2.18E+00		1.27E+01

		3.967		6.512		3.06E+00		5.52E+00

		5.736		5.527		4.42E+00		3.01E+00

		8.068		4.098		6.22E+00		1.25E+00

		10.379		2.566		8.00E+00		4.86E-01

		TriX		TriY		Tstar		Nstar

		0.373		11.618		1.89E-01		1.28E+02

		1.175		11.18		5.96E-01		9.78E+01

		2.287		9.302		1.16E+00		3.08E+01

		3.893		7.208		1.98E+00		8.47E+00

		5.513		5.844		2.80E+00		3.66E+00

		7.96		4.785		4.04E+00		1.90E+00

		11.147		3.119		5.66E+00		6.83E-01





NaClppt

		0

		0

		0

		0

		0

		0

		0



NaCl 3.78 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



KClLiCl

		0

		0

		0

		0

		0

		0

		0

		0



NaCl 1.89 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0

0



CaCl2

		0

		0

		0

		0

		0

		0

		0



NaCl 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



NaCl

		0				1.1785714286

		0				1.95

		0				2.7545454545

		0				3.9623376623

		0				5.587012987

		0				7.1961038961

						9.9681818182

						13.9597402597



1.89 Lpm with rain

1.89 Lpm without rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

40.6011196887

0

33.2747847568

0

23.1567950385

0

14.8426453405

0

7.0024281067

0

3.074128102

1.218303958

0.2832775086



AllNaClppt

		0				2.2577922078

		0				3.8220779221

		0				5.4350649351

		0				7.8954545455

		0				11.1681818182

						14.0902597403

						19.5623376623



6.06 Lpm with rain

6.06 Lpm without rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

38.1127523624

0

25.823859487

0

16.0657779771

0

8.2803600801

0

3.0177456662

1.1620122612

0.1586036615



		0				1.7590909091

		0				3.0331168831

		0				4.275974026

		0				6.1149350649

		0				8.7097402597

						15.4324675325

						21.5162337662



3.78 Lpm with rain

3.78 Lpm without rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

27.9662937593

0

23.4202417266

0

14.9038279078

0

8.2633465084

0

3.7183337481

0.5870145996

0.1655191785



		SquaresX		SquaresY		Tstar		Nstar

		0.92		10.788		1.78E+00		2.57E+01

		1.514		10.713		2.93E+00		2.47E+01

		2.066		10.22		4.00E+00		1.92E+01

		3.023		9.347		5.86E+00		1.22E+01

		4.209		7.845		8.16E+00		5.65E+00

		5.334		6.459		1.03E+01		2.77E+00

		7.413		4.842		1.44E+01		1.21E+00

		10.386		0.801		2.01E+01		1.51E-01

		StarsX		StarsY		Tstar		Nstar

		0.91		11.687		1.76E+00		4.07E+01

		1.463		11.861		2.84E+00		4.45E+01

		2.016		11.5		3.91E+00		3.70E+01

		2.925		10.425		5.67E+00		2.13E+01

		4.075		9.106		7.90E+00		1.08E+01

		5.242		7.877		1.02E+01		5.74E+00

		7.283		5.661		1.41E+01		1.84E+00





		0

		0

		0

		0

		0

		0

		0



KCl 3.78 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0



LiCl 3.78 lpm (1 Run)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0

0



		SquaresX		SquaresY		Tstar		Nstar

		0.988		10.336		1.92E+00		2.03E+01

		1.589		10.479		3.10E+00		2.19E+01

		2.266		10.104		4.41E+00		1.80E+01

		3.281		9.511		6.39E+00		1.33E+01

		4.601		8.567		8.96E+00		8.19E+00

		5.982		7.704		1.17E+01		5.25E+00

		8.301		6.375		1.62E+01		2.65E+00

		11.597		4.618		2.26E+01		1.07E+00

		StarsX		StarsY		Tstar		Nstar

		0.59		9.568		1.15E+00		1.37E+01

		1.006		9.973		1.96E+00		1.69E+01

		1.433		9.993		2.79E+00		1.70E+01

		1.983		9.713		3.86E+00		1.48E+01

		2.822		9.216		5.50E+00		1.14E+01

		3.617		8.511		7.05E+00		7.95E+00

		5.082		7.524		9.90E+00		4.79E+00

		7.145		6.124		1.39E+01		2.33E+00

		TriX		TriY		Tstar		Nstar

		1.23		9.416		2.40E+00		1.27E+01

		2.056		9.629		4.01E+00		1.41E+01

		2.911		9.57		5.67E+00		1.37E+01

		4.176		9.251		8.14E+00		1.16E+01

		5.905		8.485		1.15E+01		7.85E+00

		7.572		7.596		1.48E+01		4.97E+00

		10.518		6.478		2.05E+01		2.80E+00

		14.807		5.095		2.88E+01		1.37E+00





		0

		0

		0

		0

		0

		0

		0

		0



CaCl2 3.78 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0



CaCl2 2.27 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0



CaCl2 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0

0



		0				1.7590909091

		0				3.0331168831

		0				4.275974026

		0				6.1149350649

		0				8.7097402597

		0				15.4324675325

		0				21.5162337662

		0



CaCl2 3.78 Lpm

NaCl  3.78 Lpm

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

27.9662937593

0

23.4202417266

0

14.9038279078

0

8.2633465084

0

3.7183337481

0

0.5870145996

0

0.1655191785

0



		0				1.1785714286

		0				1.95

		0				2.7545454545

		0				3.9623376623

		0				5.587012987

		0				7.1961038961

		0				9.9681818182

		0				13.9597402597



CaCl2 2.27 Lpm

NaCl  2.27 Lpm

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

40.6011196887

0

33.2747847568

0

23.1567950385

0

14.8426453405

0

7.0024281067

0

3.074128102

0

1.218303958

0

0.2832775086



		0				2.2577922078

		0				3.8220779221

		0				5.4350649351

		0				7.8954545455

		0				11.1681818182

		0				14.0902597403

		0				19.5623376623

		0



CaCl2 6.06 Lpm

NaCl  6.06 Lpm

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

38.1127523624

0

25.823859487

0

16.0657779771

0

8.2803600801

0

3.0177456662

0

1.1620122612

0

0.1586036615

0



		0				0				0

		0				0				0

		0				0				0

		0				0				0

		0				0				0

		0				0				0

		0				0				0

		0				0				0



6.06 Lpm

3.78 Lpm

2.27 Lpm

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		2.2577922078		1.1785714286		1.7590909091

		0		0		0		3.8220779221		1.95		3.0331168831

		0		0		0		5.4350649351		2.7545454545		4.275974026

		0		0		0		7.8954545455		3.9623376623		6.1149350649

		0		0		0		11.1681818182		5.587012987		8.7097402597

		0		0		0		14.0902597403		7.1961038961		15.4324675325

		0		0		0		19.5623376623		9.9681818182		21.5162337662

		0		0		0				13.9597402597



CaCl2

3.78 Lpm

2.27 Lpm

NaCl

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

38.1127523624

40.6011196887

27.9662937593

0

0

0

25.823859487

33.2747847568

23.4202417266

0

0

0

16.0657779771

23.1567950385

14.9038279078

0

0

0

8.2803600801

14.8426453405

8.2633465084

0

0

0

3.0177456662

7.0024281067

3.7183337481

0

0

0

1.1620122612

3.074128102

0.5870145996

0

0

0

0.1586036615

1.218303958

0.1655191785

0

0

0

0.2832775086



		SquaresX		SquaresY		Tstar		Nstar

		0.903		10.956		1.76E+00		2.80E+01

		1.557		10.611		3.03E+00		2.34E+01

		2.195		9.732		4.28E+00		1.49E+01

		3.139		8.585		6.11E+00		8.26E+00

		4.471		7.032		8.71E+00		3.72E+00

		7.922		3.442		1.54E+01		5.87E-01

		11.045		0.98		2.15E+01		1.66E-01

		StarsX		StarsY		Tstar		Nstar

		0.605		11.681		1.18E+00		4.06E+01

		1.001		11.294		1.95E+00		3.33E+01

		1.414		10.589		2.75E+00		2.32E+01

		2.034		9.724		3.96E+00		1.48E+01

		2.868		8.263		5.59E+00		7.00E+00

		3.694		6.662		7.20E+00		3.07E+00

		5.117		4.862		9.97E+00		1.22E+00

		7.166		2.025		1.40E+01		2.83E-01

		TriX		TriY		Tstar		Nstar

		1.159		11.558		2.26E+00		3.81E+01

		1.962		10.801		3.82E+00		2.58E+01

		2.79		9.878		5.44E+00		1.61E+01

		4.053		8.589		7.90E+00		8.28E+00

		5.733		6.626		1.12E+01		3.02E+00

		7.233		4.77		1.41E+01		1.16E+00

		10.042		0.897		1.96E+01		1.59E-01





		0

		0

		0

		0

		0

		0

		0



NaCl 3.78 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0



NaCl 2.27 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



NaCl 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



		0		1.7829457364		1.7635658915

		0		2.9341085271		2.8352713178

		0		4.003875969		3.9069767442

		0		5.8585271318		5.6686046512

		0		8.1569767442		7.8972868217

		0		10.3372093023		10.1589147287

		0		14.3662790698		14.1143410853

				20.1279069767



NaCl 3.78 lpm (3 Runs)

KCl 3.78 lpm (3 Runs)

LiCl 3.78 lpm (1 Run)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

25.6518126867

40.7265759125

0

24.6813814392

44.5384030612

0

19.1547001999

36.9928733334

0

12.2270503513

21.2840786437

0

5.6481100468

10.8019678059

0

2.7694217222

5.7418152907

0

1.2058391024

1.8373167403

0.1509645602



		0		1.7829457364		1.7635658915

		0		2.9341085271		2.8352713178

		0		4.003875969		3.9069767442

		0		5.8585271318		5.6686046512

		0		8.1569767442		7.8972868217

		0		10.3372093023		10.1589147287

		0		14.3662790698		14.1143410853

				20.1279069767



NaCl

KCl

LiCl

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

25.6518126867

40.7265759125

0

24.6813814392

44.5384030612

0

19.1547001999

36.9928733334

0

12.2270503513

21.2840786437

0

5.6481100468

10.8019678059

0

2.7694217222

5.7418152907

0

1.2058391024

1.8373167403

0.1509645602



		0				0				0

		0				0				0

		0				0				0

		0				0				0

		0				0				0

		0				0				0

		0				0				0

										0



6.06 Lpm

3.78 Lpm

2.27 Lpm

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0.329		11.905		2.16E-01		1.05E+02		0.903		10.956		1.76E+00		2.80E+01

		1.037		11.423		6.80E-01		7.95E+01		1.557		10.611		3.03E+00		2.34E+01

		2.093		9.563		1.37E+00		2.68E+01		2.195		9.732		4.28E+00		1.49E+01

		3.473		7.699		2.28E+00		9.02E+00		3.139		8.585		6.11E+00		8.26E+00

		4.938		6.715		3.24E+00		5.07E+00		4.471		7.032		8.71E+00		3.72E+00

		0.246		11.618		1.61E-01		8.91E+01		7.922		3.442		1.54E+01		5.87E-01

		0.853		11.563		5.59E-01		8.63E+01		11.045		0.98		2.15E+01		1.66E-01

		1.695		10.195		1.11E+00		3.88E+01		0.605		11.681		1.18E+00		4.06E+01

		2.826		7.871		1.85E+00		9.97E+00		1.001		11.294		1.95E+00		3.33E+01

		3.967		6.512		2.60E+00		4.50E+00		1.414		10.589		2.75E+00		2.32E+01

		5.736		5.527		3.76E+00		2.53E+00		2.034		9.724		3.96E+00		1.48E+01

		0.373		11.618		2.45E-01		8.91E+01		2.868		8.263		5.59E+00		7.00E+00

		1.175		11.18		7.70E-01		6.90E+01		3.694		6.662		7.20E+00		3.07E+00

		2.287		9.302		1.50E+00		2.30E+01		5.117		4.862		9.97E+00		1.22E+00

		3.893		7.208		2.55E+00		6.77E+00		7.166		2.025		1.40E+01		2.83E-01

		5.513		5.844		3.62E+00		3.05E+00		1.159		11.558		2.26E+00		3.81E+01

										1.962		10.801		3.82E+00		2.58E+01

										2.79		9.878		5.44E+00		1.61E+01

										4.053		8.589		7.90E+00		8.28E+00

										5.733		6.626		1.12E+01		3.02E+00

										7.233		4.77		1.41E+01		1.16E+00

										10.042		0.897		1.96E+01		1.59E-01
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Chart3

		2.3961038961				1.9246753247				1.1493506494

		4.0051948052				3.0954545455				1.9597402597

		5.6707792208				4.4142857143				2.7915584416

		8.1350649351				6.3915584416				3.862987013

		11.5032467532				8.962987013				5.4974025974

		14.7506493506				11.6532467532				7.0461038961

		20.4896103896				16.1707792208				9.9

		28.8448051948				22.5915584416				13.9188311688



6.06 Lpm

3.78 Lpm

2.27 Lpm

t* = tV*2/Dv x 10-3

N* = NY/MV* x 10+4

12.6686520738

20.3319884478

13.6985383666

14.1350198237

21.8833518976

16.8700608565

13.7126332145

18.0455807699

17.0444480302

11.6381378688

13.3028684798

14.7589292039

7.8491838761

8.1872170005

11.4305594346

4.9693296889

5.2531014628

7.9548259722

2.7966110672

2.6523489884

4.7887168504

1.3733712772

1.0746496194

2.3311955129



RawData

		Graph 1						Graph 2						Graph 3						Graph 4

		Squares						Squares						Squares						Squares

		0.329		11.905				0.92		10.788				0.988		10.336				0.903		10.956

		1.037		11.423				1.514		10.713				1.589		10.479				1.557		10.611

		2.093		9.563				2.066		10.22				2.266		10.104				2.195		9.732

		3.473		7.699				3.023		9.347				3.281		9.511				3.139		8.585

		4.938		6.715				4.209		7.845				4.601		8.567				4.471		7.032

		7.079		5.656				5.334		6.459				5.982		7.704				7.922		3.442

		9.948		3.58				7.413		4.842				8.301		6.375				11.045		0.98

		Stars						10.386		0.801				11.597		4.618				Stars

								Stars						Stars						0.605		11.681

		0.246		11.618				0.91		11.687				0.59		9.568				1.001		11.294

		0.853		11.563				1.463		11.861				1.006		9.973				1.414		10.589

		1.695		10.195				2.016		11.5				1.433		9.993				2.034		9.724

		2.826		7.871				2.925		10.425				1.983		9.713				2.868		8.263

		3.967		6.512				4.075		9.106				2.822		9.216				3.694		6.662

		5.736		5.527				5.242		7.877				3.617		8.511				5.117		4.862

		8.068		4.098				7.283		5.661				5.082		7.524				7.166		2.025

		10.379		2.566										7.145		6.124				Triangles

		Triangles												Triangles						1.159		11.558

		0.373		11.618										1.23		9.416				1.962		10.801

		1.175		11.18										2.056		9.629				2.79		9.878

		2.287		9.302										2.911		9.57				4.053		8.589

		3.893		7.208										4.176		9.251				5.733		6.626

		5.513		5.844										5.905		8.485				7.233		4.77

		7.96		4.785										7.572		7.596				10.042		0.897

		11.147		3.119										10.518		6.478

														14.807		5.095





NaClppt

		SquaresX		SquaresY		Tstar		Nstar

		0.329		11.905		2.16E-01		1.53E+02

		1.037		11.423		6.80E-01		1.14E+02

		2.093		9.563		1.37E+00		3.61E+01

		3.473		7.699		2.28E+00		1.15E+01

		4.938		6.715		3.24E+00		6.25E+00

		7.079		5.656		4.64E+00		3.26E+00

		9.948		3.58		6.52E+00		9.07E-01

		StarsX		StarsY		Tstar		Nstar

		0.246		11.618		1.90E-01		1.28E+02

		0.853		11.563		6.58E-01		1.24E+02

		1.695		10.195		1.31E+00		5.33E+01

		2.826		7.871		2.18E+00		1.27E+01

		3.967		6.512		3.06E+00		5.52E+00

		5.736		5.527		4.42E+00		3.01E+00

		8.068		4.098		6.22E+00		1.25E+00

		10.379		2.566		8.00E+00		4.86E-01

		TriX		TriY		Tstar		Nstar

		0.373		11.618		1.89E-01		1.28E+02

		1.175		11.18		5.96E-01		9.78E+01

		2.287		9.302		1.16E+00		3.08E+01

		3.893		7.208		1.98E+00		8.47E+00

		5.513		5.844		2.80E+00		3.66E+00

		7.96		4.785		4.04E+00		1.90E+00

		11.147		3.119		5.66E+00		6.83E-01
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NaCl 3.78 lpm (3 Runs)
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NaCl 1.89 lpm (3 Runs)
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CaCl2
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NaCl 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



NaCl

		0				1.1785714286

		0				1.95

		0				2.7545454545

		0				3.9623376623

		0				5.587012987

		0				7.1961038961

						9.9681818182

						13.9597402597



1.89 Lpm with rain

1.89 Lpm without rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

40.6011196887

0

33.2747847568

0

23.1567950385

0

14.8426453405

0

7.0024281067

0

3.074128102

1.218303958

0.2832775086



AllNaClppt

		0				2.2577922078

		0				3.8220779221

		0				5.4350649351

		0				7.8954545455

		0				11.1681818182

						14.0902597403

						19.5623376623



6.06 Lpm with rain

6.06 Lpm without rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

38.1127523624

0

25.823859487

0

16.0657779771

0

8.2803600801

0

3.0177456662

1.1620122612

0.1586036615



		0				1.7590909091

		0				3.0331168831

		0				4.275974026

		0				6.1149350649

		0				8.7097402597

						15.4324675325

						21.5162337662



3.78 Lpm with rain

3.78 Lpm without rain

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

27.9662937593

0

23.4202417266

0

14.9038279078

0

8.2633465084

0

3.7183337481

0.5870145996

0.1655191785



		SquaresX		SquaresY		Tstar		Nstar

		0.92		10.788		1.78E+00		2.57E+01

		1.514		10.713		2.93E+00		2.47E+01

		2.066		10.22		4.00E+00		1.92E+01

		3.023		9.347		5.86E+00		1.22E+01

		4.209		7.845		8.16E+00		5.65E+00

		5.334		6.459		1.03E+01		2.77E+00

		7.413		4.842		1.44E+01		1.21E+00

		10.386		0.801		2.01E+01		1.51E-01

		StarsX		StarsY		Tstar		Nstar

		0.91		11.687		1.76E+00		4.07E+01

		1.463		11.861		2.84E+00		4.45E+01

		2.016		11.5		3.91E+00		3.70E+01

		2.925		10.425		5.67E+00		2.13E+01

		4.075		9.106		7.90E+00		1.08E+01

		5.242		7.877		1.02E+01		5.74E+00

		7.283		5.661		1.41E+01		1.84E+00
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KCl 3.78 lpm (3 Runs)
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Dimensionless Flux x 10+4
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LiCl 3.78 lpm (1 Run)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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		SquaresX		SquaresY		Tstar		Nstar

		0.988		10.336		1.92E+00		2.03E+01

		1.589		10.479		3.10E+00		2.19E+01

		2.266		10.104		4.41E+00		1.80E+01

		3.281		9.511		6.39E+00		1.33E+01

		4.601		8.567		8.96E+00		8.19E+00

		5.982		7.704		1.17E+01		5.25E+00

		8.301		6.375		1.62E+01		2.65E+00

		11.597		4.618		2.26E+01		1.07E+00

		StarsX		StarsY		Tstar		Nstar

		0.59		9.568		1.15E+00		1.37E+01

		1.006		9.973		1.96E+00		1.69E+01

		1.433		9.993		2.79E+00		1.70E+01

		1.983		9.713		3.86E+00		1.48E+01

		2.822		9.216		5.50E+00		1.14E+01

		3.617		8.511		7.05E+00		7.95E+00

		5.082		7.524		9.90E+00		4.79E+00

		7.145		6.124		1.39E+01		2.33E+00

		TriX		TriY		Tstar		Nstar

		1.23		9.416		2.40E+00		1.27E+01

		2.056		9.629		4.01E+00		1.41E+01

		2.911		9.57		5.67E+00		1.37E+01

		4.176		9.251		8.14E+00		1.16E+01

		5.905		8.485		1.15E+01		7.85E+00

		7.572		7.596		1.48E+01		4.97E+00

		10.518		6.478		2.05E+01		2.80E+00

		14.807		5.095		2.88E+01		1.37E+00
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CaCl2 3.78 lpm (3 Runs)
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CaCl2 2.27 lpm (3 Runs)
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CaCl2 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0
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		0				1.7590909091

		0				3.0331168831

		0				4.275974026

		0				6.1149350649

		0				8.7097402597

		0				15.4324675325

		0				21.5162337662

		0
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Dimensionless Time x 10-3
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0
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0
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0

3.7183337481

0

0.5870145996

0

0.1655191785
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		0				1.1785714286

		0				1.95

		0				2.7545454545

		0				3.9623376623

		0				5.587012987

		0				7.1961038961

		0				9.9681818182

		0				13.9597402597



CaCl2 2.27 Lpm

NaCl  2.27 Lpm

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

40.6011196887

0

33.2747847568

0

23.1567950385

0

14.8426453405

0

7.0024281067

0

3.074128102

0

1.218303958

0

0.2832775086



		0				2.2577922078

		0				3.8220779221

		0				5.4350649351

		0				7.8954545455

		0				11.1681818182

		0				14.0902597403

		0				19.5623376623
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CaCl2 6.06 Lpm

NaCl  6.06 Lpm

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

38.1127523624

0

25.823859487

0

16.0657779771

0
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		0		0		0		2.2577922078		1.1785714286		1.7590909091

		0		0		0		3.8220779221		1.95		3.0331168831

		0		0		0		5.4350649351		2.7545454545		4.275974026

		0		0		0		7.8954545455		3.9623376623		6.1149350649

		0		0		0		11.1681818182		5.587012987		8.7097402597

		0		0		0		14.0902597403		7.1961038961		15.4324675325

		0		0		0		19.5623376623		9.9681818182		21.5162337662

		0		0		0				13.9597402597



CaCl2

3.78 Lpm

2.27 Lpm

NaCl

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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0
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27.9662937593
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0

0.1586036615
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		SquaresX		SquaresY		Tstar		Nstar

		0.903		10.956		1.76E+00		2.80E+01

		1.557		10.611		3.03E+00		2.34E+01

		2.195		9.732		4.28E+00		1.49E+01

		3.139		8.585		6.11E+00		8.26E+00

		4.471		7.032		8.71E+00		3.72E+00

		7.922		3.442		1.54E+01		5.87E-01

		11.045		0.98		2.15E+01		1.66E-01

		StarsX		StarsY		Tstar		Nstar

		0.605		11.681		1.18E+00		4.06E+01

		1.001		11.294		1.95E+00		3.33E+01

		1.414		10.589		2.75E+00		2.32E+01

		2.034		9.724		3.96E+00		1.48E+01

		2.868		8.263		5.59E+00		7.00E+00

		3.694		6.662		7.20E+00		3.07E+00

		5.117		4.862		9.97E+00		1.22E+00

		7.166		2.025		1.40E+01		2.83E-01

		TriX		TriY		Tstar		Nstar

		1.159		11.558		2.26E+00		3.81E+01

		1.962		10.801		3.82E+00		2.58E+01

		2.79		9.878		5.44E+00		1.61E+01

		4.053		8.589		7.90E+00		8.28E+00

		5.733		6.626		1.12E+01		3.02E+00

		7.233		4.77		1.41E+01		1.16E+00

		10.042		0.897		1.96E+01		1.59E-01





		0

		0

		0

		0

		0

		0

		0



NaCl 3.78 lpm (3 Runs)
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NaCl 2.27 lpm (3 Runs)
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Dimensionless Flux x 10+4
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NaCl 6.06 lpm (3 Runs)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4

0

0

0

0

0

0

0



		0		1.7829457364		1.7635658915

		0		2.9341085271		2.8352713178

		0		4.003875969		3.9069767442

		0		5.8585271318		5.6686046512

		0		8.1569767442		7.8972868217

		0		10.3372093023		10.1589147287

		0		14.3662790698		14.1143410853

				20.1279069767



NaCl 3.78 lpm (3 Runs)

KCl 3.78 lpm (3 Runs)

LiCl 3.78 lpm (1 Run)

Dimensionless Time x 10-3

Dimensionless Flux x 10+4
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24.6813814392

44.5384030612
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0

5.6481100468

10.8019678059

0

2.7694217222

5.7418152907

0

1.2058391024

1.8373167403

0.1509645602
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		0		5.8585271318		5.6686046512

		0		8.1569767442		7.8972868217

		0		10.3372093023		10.1589147287

		0		14.3662790698		14.1143410853
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