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4.  RESULTS AND DISCUSSIONS

4.1  General Notes and Observations

Water budget components were calculated from field measurements and estimated by

the modified Pierce model for part of 1996 and 1997.  The time period of data collection for

each component varied.  Instruments at the Cockrell Branch inflow and outflow gage stations

measured stream flow and precipitation data from 9 May 1996 through 27 February 1997. 

One monitoring well measured the water table elevation every half hour for storage and

evapotranspiration calculations from January 1996 through October 1996.

There were days when some water budget components could not be measured due to

wet conditions.  The ET measurements from diurnal cycles in groundwater levels were only

measurable on dry days when the water table was below ground surface, which occurred less

frequently during wet conditions.  Also, Broad Run decreased wetland outflow when its water

level became too high rendering the outflow stream stage data useless during most storm

intervals.

4.2  Precipitation 

Nineteen ninety six was a wet year totaling 140.1 cm of rainfall at the Dulles weather

station 20 miles from the Manassas site.  The historic average, high and low annual rainfall at

the Dulles weather station from 1964 to 1993 were 103.0, 150.0, and 73.3 cm, respectively. 

The precipitation that fell over the wetland was recorded on half hour intervals from May

1996 - February 1997.  These values were summed to obtain monthly totals.  Due to missing

data, May 1-9, January 16-31, and February 26-28 were not included in the monthly totals. 

The same days were excluded in calculating the monthly totals from daily precipitation values

recorded at the Dulles weather station.  The monthly precipitation totals recorded on-site

were compared to those recorded at the Dulles weather station as shown in Figure 3a.  The

error associated with using climatological data from the off-site record is illustrated with a

double mass curve shown in Figure 3b.  The straight line in Figure 3b represents a 1:1

relationship between the two sets of measurements.  The precipitation values from Dulles and

on-site were almost equal for the months of July, September, January, and February.  This
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close correlation in rainfall for these months can be attributed to chance.

The months of May, June, August, October, November, and December do not fall on

the 1:1 line in Figure 3b.  The monthly precipitation totals at the two locations, differences

between measurements, and the ratio of Dulles to on-site precipitation are presented in Table

1.  August had the largest difference in precipitation followed in decreasing order by October,

May, June, December, and then November.  Small isolated thunderstorms are typical for some

months and can yield large amounts of rainfall over small areas.  Such storm events would

result in a large variation in precipitation over small distances and probably accounts for some

of the larger errors (Table 1) in addition to the possibility of instrument error.  These findings

are supported by Winter (1981) who found that when using precipitation records obtained

from the National Weather Service for on-site estimates, errors are highest for single high

intensity localized storm events and short term averages (Winter, 1981).

4.3  Runoff

 Stream stage at the inflow and outflow locations in Cockrell Branch was obtained

every half hour from 9 May 1996 to 27 February 1997.  During this period, fourteen discharge

and stream stage measurements were taken at the inflow stream stage and thirteen at the

outflow stream stage to establish rating curves for Cockrell Branch.  These measurements are

shown in Table 2.  The discharge measurements for the outflow stream gage in Table 2 show

two similar discharge measurements made on August 13, 1996 and January 15, 1997 (319.79

Ls  and 302.81 Ls , respectively) that are associated with two different outflow stream-1 -1

stages (95.71 cm and 33.22 cm, respectively).  The larger of these two stage values and its

discharge deviate from the relation of stage measurements.  This deviation is attributed to

backwater effects from Broad Run.  Water backs up in Cockrell Branch during high stages of

Broad Run, causing a higher stage than would result from the Cockrell Branch discharge

alone.  This causes erroneously high estimates of discharge from the rating curve (Gary

Speiran, USGS, personal communication).

The rating curves for both inflow and outflow stream measurements are provided as

Figures 4a-b.  The outflow rating curve was created using stage and discharge measurements
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for stages below 33.22 cm to eliminate backwater effects.  This eliminated two outflow

stage/discharge measurements listed in Table 2.  Discharge calculated from the outflow rating

curve is only applicable to low stage heights due to backwater effects.  However, it is still

questionable whether or not backwater occurred at lower stage measurements even though

the outflow rating curve shown in Figure 4b does not indicate any backwater effects.  The

rating curves represent a least-squares second degree polynomial curve that fitted the data

points in Table 2 with coefficients of determination (r ) of 0.992 for stream inflow and 0.9992

for outflow.  

A partial record of the discharge hydrograph at the inflow stage recorder on Cockrell

Branch for May, June, and July 1996 is presented in Figure 5.  The sharp increase in discharge

during June in Figure 5 was interpreted as a malfunction in the inflow recorder.

To estimate the runoff component of the observed stream inflow, baseflow was

separated from the stream discharge hydrograph by the baseflow separation technique as

illustrated in Figure 6.  The monthly volume of precipitation that fell over watershed W1

calculated as the rainfall depth multiplied by the area of W1 (which supplies Cockrell Branch)

was compared to monthly stream inflow volumes, and their surface runoff and baseflow

components calculated using the baseflow separation technique as shown in Figure 7.  These

volumes are listed in Table 3.  The precipitation volume is the maximum amount of water that

would enter the stream if there was 100% runoff.  Figure 8a shows the percent of W1

precipitation volume that entered the wetland as stream inflow.  The water in W1 that did not

enter the stream was lost to evaporation, transpiration, interception, and storage.  The percent

of W1 precipitation that appeared as stream inflow ranged from approximately 66 % in May

to 18 % in July then up to 50 % in December (Figure 8a).  The percents vary over the months,

but appear to decrease during the growing season and increase as winter approaches (Figure

8a).  This trend is also apparent in Figure 8b which shows the percent of W1 precipitation that

appeared as the runoff and baseflow components of stream inflow.  During the growing

season, water available to runoff and baseflow may decrease because of increasing

evapotranspiration rates and vegetative covers that capture rainfall (interception) (Fetter,

1994).  The runoff and baseflow components in Figure 8b add up to the percentages in Figure
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8a.  The runoff portion of precipitation volume is consistently higher than baseflow and

follows the same trend as stream inflow in Figure 8a.  The sharp decrease in runoff for

January may be due to runoff being stored in the form of snow and ice.  Figures 8a-b indicate

that the majority of water entering the stream from the watershed is runoff and not baseflow.  

Soil infiltration capacities and rates can greatly affect the amount of water that will

flow into a stream by means of runoff and baseflow.  Once a soil reaches its infiltration

capacity, additional inputs of water will runoff, whereas the baseflow component of a stream

would be relatively constant.  The runoff from soils having low infiltration rates can increase

dramatically during high intensity storm events even though the soil infiltration capacity is not

exceeded.  This is apparent in Figure 9a where the percents of runoff and baseflow volumes of

stream inflow are compared to precipitation depths.  The percentages of baseflow and runoff

volumes for each month add up to 100 percent of the stream inflow in Figure 9a.  The percent

of runoff in the stream increased as precipitation increased but the percent of baseflow in the

stream appeared unaffected.  Baseflow tended to decrease during the growing season.  The

close correlation between runoff and precipitation is shown in Figure 9b as a fitted second

degree polynomial curve with an r  value of 0.845.  It should be noted that the percents2

shown in Figures 8a, 8b, 9a, and 9b are based on volumes (m ).3

The modified Pierce model calculates runoff according to the SCS runoff method

using an antecedent moisture condition (AMC) II.  The AMC of the soil can greatly affect the

SCS runoff value.  The runoff values estimated from the inflow stream gage data and the SCS

runoff method using on-site precipitation data with each of the four AMCs (I, II, III, and

variable) are compared in Figure 10.  The percent difference between the gaged runoff and the

SCS runoff values, calculated as stream gage minus SCS runoff divided by stream gage, are

listed in Table 4a.  The modified Pierce model runoff estimates, using the SCS runoff method

with an antecedent moisture condition (AMC) II and off-site precipitation, were very different

from the measured runoff.  Percent differences between SCS estimates and measured runoff

ranged from a minimum of 32 % in September to 100 % in January.  For all months except

July and October, an AMC III gave the closest estimate to the gaged runoff with differences

ranging from 18.28 % in August to 84.70% in January.  In July and October, an AMC II was
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the closest estimate with differences of 54.35 % and 27.81 %, respectively.  For the Manassas

wetland, the SCS runoff method using an AMC III differed from the measured runoff by the

smallest percentages compared to the other AMCs, either over or underpredicting runoff for

the period of May 1996 through February 1997.  The AMC III total runoff estimate from May

1996 to February 1997 is 2.87 % different from the gaged runoff measurements totalled over

all months, whereas the AMC II total is 64.92 % different.  From the runoff comparison in

Figure 10 and Table 4a, it is clear that an AMC III used in SCS runoff estimates provided

more accurate estimates than the other AMCs for the Manassas wetland using on-site

precipitation data for the study period.  This is likely due to 1996 being a wet year which

caused soils to be saturated frequently and greater runoff during storm events.  The amount of

runoff entering the wetland during a dry year would probably be lower than the SCS runoff

method estimate because the AMC II group (average soil moisture) would be used in the

estimates instead of an AMC I group (dry soil moisture) which would represent drier

conditions.  It was therefore assumed that the modified Pierce model would overpredict runoff

for a dry year.  

The variable AMC was expected to best match the gaged runoff because it was used

to estimate runoff using the actual soil antecedent moisture condition appropriate for each

storm event based on the preceding 5-day precipitation total.  The variable AMC, in theory,

should provide better results compared to a fixed AMC of I, II, or III.  It is difficult to explain

why using the variable AMC did not result in the closest match to the gaged runoff.  It is

possible that the preceding 5-day rain depth criteria that determine the soil AMC may not be

applicable to the W1 watershed conditions.  The AMC of an individual site in response to a

given 5-day rainfall total would vary with topography, soils, hydrology, and vegetation.  

The error associated with using off-site (Dulles) precipitation versus the on-site data

for the SCS runoff estimates was carried through the SCS runoff computation.  The percent

difference between the measured runoff from stream inflow and the SCS runoff method using

an AMC II for both on-site and Dulles weather station precipitation are reported in Table 4b.  

It appears that using off-site precipitation instead of on-site precipitation increased the percent

difference in October and August by as much as 37.8% and 20.8%, respectively and decreased
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it in September and December by 14.2% and 9.0%, respectively.  There was no definite trend

showing that on-site precipitation increased the runoff estimates using the SCS runoff method

with an AMC II.  This may be because the errors associated with the choice of AMC greatly

outweigh the differences in precipitation from on and off-site.  However, this does not indicate

that using off-site precipitation over on-site precipitation will improve runoff estimates.  The

choice of AMC can affect the accuracy of the runoff estimate more than using precipitation

data from an off-site source.

The on-site measured runoff and SCS runoff estimate using an AMC II expressed as a

depth of water over the wetland were compared in Table 5a.  An AMC II, which is an average

rainfall condition, underestimated the runoff for all months of the study period because 1996

was a wet year and not an average year.  To show the extremes in SCS runoff estimates using

an AMC II group, the runoff was estimated for a historically dry and wet rainfall year.  The

results are reported in Table 5b.  Except for October the measured runoff was consistently

higher for all months of the study period when compared to runoff estimates for the wettest

year (Tables 5a and 5b).

The remaining smaller watersheds designated as W2 also contribute runoff to the

wetland area.  These watersheds were not gaged, therefore in order to estimate their

contribution to the wetland, the SCS runoff method was used to estimate the additional input

of water from W2 using an AMC III and on-site precipitation.  The volume of water from W2

was estimated to range from 0 m  in the driest month (January 1997) to 31,547 m  (3.71 cm3 3

depth over wetland) in the wettest month (September 1996).  This represents 10.4% of the

water supplied to the wetland by W1 in September 1996.

Although the AMC III appears as the best estimate for the SCS runoff method for the

months of May 1996 through February 1997, this does not indicate that it is the best choice

for all months of every year or for different wetland sites.  Percent differences between SCS

estimates with an AMC III and stream runoff measurements ranged from a minimum of -

18.28% in August to a maximum of 84.7% in January.  These are large percentages of large

numbers and can wrongly predict the potential storage component of the water budget since

the hydrology of the site appears to be dominated by surface water inflows.  Therefore, these
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findings only demonstrate that the AMC choice can greatly affect the water budget for the

Manassas site.

4.4  Evapotranspiration

The diurnal cycles of the water table taken in an observation well in the wetland were

used to calculate evapotranspiration (ET) by the White (1932) method.  The water table data

from well USGS1 were graphed and ET was estimated from diurnal cycles which were

apparent during dry periods when the water table was below the land surface.  The diurnal

cycles at the Manassas wetland appeared different compared to those reported by White

(1932).  Cycles from June 5 - 9 are illustrated in Figure 11.  During the growing season,

White (1932) observed the groundwater levels to start to decline between 9 to 11 a.m.,

reaching a low between 6 to 7 p.m., then starting to rise again between 7 to 9 p.m. until 7 to 9

a.m.  During the growing season at the Manassas wetland, the groundwater levels declined

between 7 to 9 a.m., reaching a low between 2 to 4 p.m., rose between 3 to 5 p.m. until 10

p.m. to 3 a.m.  It appears that the Manassas groundwater level cycles are 2 to 4 hours earlier

than those observed by White (1932) except during the rise time of the water table.  White

observed a 12 hour rise time while the Manassas wetland rise time varied from 5 to 12 hours

causing a shift in the daily average rate of rise of the groundwater levels.  The time interval

when the daily average rate of rise of the water table occurred was estimated from plots such

as in Figure 11.  White (1932) observed the average rate of rise of the water table occurred

from 12 am - 4 am, whereas it occurred 6 hours earlier at the Manassas wetland from 6 to 10

p.m.  

The cause for some of the differences in rise and fall times between White's

observations and those observed at the Manassas wetland is uncertain, but may be attributed

to the hydraulic conductivity of the soil, hydraulic gradients, the water table depth below the

root zone or simply because the drier climate in White's study and different plant species

which may have transpired longer.  Apparently, at the Manassas site, ET ceased earlier and/or

the recharge rate exceeded the ET rate at an earlier time.  The 6 hour difference between the

time when the average rate of rise occurred could be because the water table often reached
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equilibrium 6 hours sooner than observed in the soils of White's study.  The plants in the

Manassas wetland may have stopped transpiring sooner because they lose less water in a day

than those in drier climate in White's study.  Once the plants stop transpiring, the recharge rate

becomes greater than the ET rate and the water table rises.  The observed increase in depth to

groundwater during the growing season and decrease during the winter months are similar to

those of White (1932).

The specific yield (y) of the soil played a large role in determining evapotranspiration

rates.  The specific yield of the soil adjacent to the monitoring well was determined to be

11.2% from 0-5 cm decreasing to 5.9% from 10-15 cm and 3.7 % at 50 cm depth.  This

means that the specific yield of the soil decreases with depth.  This relationship was assumed

to be of the form ln(y) = a + bln(depth) and a least squares fit of this equation to the data gave

ln(y)= -2.2055 -0.37164ln(depth) with an r  value of 0.998.  The water table depth at 6 pm for2

each diurnal cycle was used to estimate the specific yield using the above equation. 

Measurements from the diurnal cycles used in combination with the specific yield estimates of

the soil resulted in an estimated daily rate of ET.  For example, ET was calculated for June 6

from the equation ET=y(24r±s).  The water table was 21.3 cm below the soil surface at 6 pm

(Figure 11).  The specific yield (y) of the soil at that depth was 0.05.  The hourly rate of rise

(r) calculated as the rise of the water table between the hours of 6 and 10 pm divided by 4

hours was 0.276 cm per hour (Figure 11).  The seasonal trend (s) of the water table is the fall

of the water table from 6 pm on June 6 to 6 pm on June 7 and was calculated as 1.067 cm. 

From these values, ET was calculated as ET=y(24r±s), where ET=0.05(24*0.276+1.067) =

0.38 cm per day for June 6.

Such values for suitable days in a given month were averaged into a daily rate and

these daily rates were converted into monthly ET rates and compared to monthly ET

estimates from the Thornthwaite method as shown in Table 6.  There were no suitable dates

for calculating ET from diurnal cycles after September 1996.  From October 1996 through

February 1997 the monthly Thornthwaite ET values were 4.93, 0.93, 0.94, 0.02, and 1.18 cm,

respectively.

The ratio of the diurnal cycles and Thornthwaite estimates ranged from 0.6 to 1.5 from
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May through September.  These ratios indicate that the Thornthwaite method underpredicted

ET for May (1.5), August (1.0), and September (1.2) 1996 and overpredicted ET for the

months of June (0.8), and July (0.6).  Dolan (1984) found similar results which ranged from

0.8 in May to 2.0 in February.  ET estimates from diurnal cycles in groundwater levels are

most accurate when there are a large number of days suitable for ET measurement in a given

month.  The monthly rate of ET for the three wettest months of the year, May, July, and

September, were estimated from 1, 3, and 3 suitable days, respectively (Table 6).  The lack of

suitable days was due to many rain events and the water table above ground most of the time. 

This is a disadvantage to the diurnal groundwater level method in wetlands because it

decreases the number of days available for ET measurements (Smithers et al, 1995).  Another

disadvantage of the method is the sensitivity of the formula to the specific yield of the soil. 

This was also found by White (1932) who concluded that the diurnal water table cycles were

easily and accurately obtained from water level recorders, but the specific yield of the soils in

which the cycles take place was exceedingly difficult to determine.

The Thornthwaite method is a quick and simple model to use for ET estimates.  The

largest differences from the diurnal cycle method was 4.87 cm in July and 4.28 cm in May

which were estimated from very few observations of groundwater level cycles.  Even so, these

often make a negligible impact on the water budget when there is a dominant water source

such as Cockrell Branch feeding as much as 357 cm depth of water over the wetland.  

4.5  Groundwater

Potentiometric contour maps for 1996 were created using the Surfer (Golden

Software, Inc., May 1996) contouring computer program, version 6.03, for the lowest and

highest water table elevations.  Figure 12 represents the potentiometric surface map for July 9,

1996 (low water table) and Figure 13 represents a high water table on May 10, 1996.  As

shown, the difference between the high and low water table levels in the wetland for 1996 was

0.61 m (2 feet).  Based on these potentiometric surface maps, the flow pattern appears

consistent between the two maps and generally flows from northeast to the southwest part of

the wetland and from the east to the west in the central part of the wetland regardless of the
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water table elevation.  The flow is also consistently directed towards Broad Run where it

discharges into or underflows the stream.  In addition, large seeps along the banks of Broad

Run have been observed and are consistent with these interpretations of the potentiometric

surface maps.  Cockrell Branch does not appear to affect the groundwater flow patterns at the

scale of this analysis.  The potentiometric contour maps also indicate that, in addition to direct

precipitation, the hills to the east of the wetland and the significant lateral input of

groundwater down the valley (W2) in the northern part of the study area may be important 

recharge areas to the wetland.

The groundwater seepage rate (cm/day) from the wetland was estimated by Darcy's

equation with q = -Kdh/dl as already explained in section 2.2.4 with the hydraulic head

gradient dh/dl = 1 as recommended by the modified Pierce water budget model.  The

hydraulic conductivity of the soil (K) was estimated as 1x10  cm/s based on the particle size-6

analysis of the soil (Das, 1994).  The soils ranged from sandy silts to clays with the majority of

them being sandy silts based on the soil particle size analysis results.  The groundwater

seepage loss (q) was calculated to be -0.086 cm/day (-2.58 cm/month).

Data for the paired nested piezometers data from Rich Whittecar's study are provided

in Table 7.  According to Whittecar, the vertical hydraulic gradient of groundwater was

ranged from 0.39 to -0.035, where a positive value is a downward gradient of water from the

wetland into the aquifer and a negative value is an upward gradient.  Using these hydraulic

gradients, the groundwater seepage rates (losses) ranged from -0.034 to -0.002 cm/day.  The

negative hydraulic gradient resulted in a groundwater gain to the wetland at a rate of 0.003

cm/day.   These groundwater rates are all very slow and will add or remove very small

amounts (-1.02 cm/month maximum) of water to the wetland.  These groundwater flow rates

are provided in Table 8a.  Therefore, assuming a hydraulic gradient of one overestimated the

loss of water from the wetland by groundwater seepage.  

Groundwater seepage was also calculated as the residual of the water budget equation

during periods of no precipitation and runoff.  These values were calculated for comparison to

groundwater seepage rates calculated according to the modified Pierce model which is the

maximum seepage loss of groundwater since it assumes a hydraulic gradient of 1.  Periods of
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no rain or runoff were July 4-7, August 1-5, August 29 - September 2, September 18-21, and

September 23-26 of 1996 which were dry spells immediately following either large or small

storm events.  The groundwater seepage rates during these periods are provided in Table 8b. 

July 4-7 is the only time that indicated a groundwater seepage loss from the wetland at a rate

of -0.033 cm/day.  The remaining dates all suggested a positive flow rate into the wetland

ranging from 0.005 cm/day (0.15 cm/month) to 1.506 cm/day (45.2 cm/month).  It appears

that the wetland may receive groundwater the days following storm events.  

These groundwater seepage rates calculated as the residual of a water balance have a

large degree of error associated with them because they include all errors associated with the

stream inflow and outflow, ET, and storage fluctuation measurements.  Errors associated with

stream inflow and outflow are related to the rating curves.  Winter (1981) concluded that a

stage discharge curve is a regression type curve and the stream discharge determined from a

good rating curve should be more accurate than any of the individual measurements.  This was

evident by the well developed inflow rating curve for Cockrell Branch.  However, there may

be errors associated with the outflow rating curve due to backwater effects as already

discussed in section 4.3.  Errors associated with ET were small as discussed previously

especially when compared to runoff measurements.  The maximum difference of 4 cm/day in

ET estimates can result in incorrect groundwater estimates of 0.01 cm/day which is negligible. 

The error associated with storage estimates are largely associated with specific yield estimates

as already discussed in section 2.2.5.  Owen (1995) found that the error in estimating the

change in storage was related to error in measuring specific yield and water levels. 

The groundwater seepage rates estimated by Darcy's equation and as the residual of a

water budget approach support Dr. Whittecar's findings that upward movement of

groundwater along bedrock fractures is not likely to be a major source of water feeding the

wetlands at the Manassas site.

4.6  Potential Storage

In practice, the potential storage is used to determine if there is enough water to

support wetland functions and how much excess water there might be on a monthly basis. 
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The potential storage of the Manassas wetland was obtained by algebraic summing of inflows

and outflows not including stream baseflow, stream outflow, and groundwater inflow. 

 The potential storage and water budget components from on-site measurements from

May 1996 through February 1997 are presented in Figure 14.  The results in Figure 14 do not

include data for the days of May 1-9, June 1-30, July 1-3, January 16-31, and February 26-29. 

The comparative potential storage and water budget components from the modified Pierce

model for the same time intervals are presented in Figure 15.  The runoff components in

Figures 14 and 15 are for W1 and represent measured runoff and estimated SCS runoff using

an AMC II.  

The line graphs with triangle points represent the potential storage and are represented

in Figures 14 and 15.  The bar graphs represent the individual components that made up the

potential storage.  Water budget components and potential storages were graphed as depth of

water over the wetland.  Multiplying the depth of water by the wetland area will approximate

the volume of water available for storage in the wetland.  As shown in Figures 14 and 15, the

potential storage of the wetland is strongly influenced by the surface water runoff component

of the water budget.  The surface runoff control over the water budget is evident by the close

coherence between the triangles on the line graph and the surface runoff bars (Figures 14 and

15).  This indicates that the method used to estimate runoff is most important in water budget

calculations for the Manassas wetland.

The water budget components and potential storage for both on-site measurements

and the modified Pierce model graphed in Figures 14 and 15 are listed in Table 9.  The

modified Pierce model underpredicted runoff for every month from May 1996 through

February 1997.  The differences between the measured and calculated precipitation, ET, and

groundwater seepage, as discussed in the previous sections, have little effect on the potential

storage due to the high magnitude of the measured water inputs into the wetland associated

with runoff.   However, due to the lower runoff values calculated by the modified Pierce

method for June, August, January, and February, the other water budget components had a

relatively larger effect on the monthly potential storage for those months (Figures 14 and 15). 

The modified Pierce water budget indicated a low or deficit water level for the months of May
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(8.04 cm), June (-6.21 cm), August (0.9 cm), January (0.17 cm), and February (4.98) as

shown in Table 9, whereas the potential storage based on the on-site measurements

consistently indicated a surplus of water over 100 cm except for February which had 8.83 cm

of water.

The modified Pierce model recommends calculating a water budget for the wettest and

driest year from historic rainfall data in order to have a minimum and maximum potential

storage prediction.  The water budget using the modified Pierce model for the wettest rainfall

year (1979) over the past 30 years is presented as Figure 16.  The bar graphs represent the

individual water budget inputs and the solid line graph with triangles represents the potential

storage.  The potential storage for 1979 shows a consistently large surplus of water but is

overall less than the potential storage (Figure 14) based on the on-site measurements.  The

modified Pierce model for the driest rainfall event (1965) over the past 30 years is presented

as Figure 17.  As in Figure 16, the bar graphs represent the individual water budget inputs and

the solid line graph with triangles again represents the potential storage.  The potential storage

for 1965 is much lower than 1979 for each month with a maximum of 34.84 cm of water in

February.  The water budget components for 1965 and 1979 using the modified Pierce model

are provided in Table 10.  These results would indicate the predicted maximum and minimum

range of water that is available to the wetland and therefore, it would be expected that the on-

site measured water budget should fall in between this range.  However, the on-site measured

water budget was much larger than the maximum range.  A wetland design using the modified

Pierce water budget model may predict periods of drought as shown in Figures 15,16 and 17,

but in reality may experience no periods of drought nor a lowering of the water table as shown

in Figure 14.

Based on these findings, the modified Pierce water budget model proved to be a

conservative estimate of potential storage during a wet year meaning that there is a high

probability that the actual potential storage would be higher than predicted.  The estimates are

also conservative over the longer term because the vegetative cover will increase with time

and in turn will increase ET rates and further lower the potential storage estimates.  During a

dry year it would be expected that the modified Pierce model would underpredict the potential
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storage as already described in section 4.3.

The on-site water budget for the entire 10 month study period (May 1996 though

February 1997) was calculated for the Manassas wetland and is presented as Figure 18.  The

water budget components expressed as depth of water over the wetland for each month are

provided in Table 11.  The months of May, June, July, January, and February all had days of

incomplete data and, therefore the water budget components are missing 9, 12, 3, 15, and 3

days of data for these months, respectively.  The surface water outflow (SWO) component in

Figure 18 was calculated as the residual of the water budget and includes all errors associated

with each of the other components.  In addition, the surface water outflow component was

calculated with the outflow stream gage data (Table 11) and may contain errors due to

backwater effects as discussed in section 4.3.  The gaged surface water outflow estimates

appeared erroneously high (most likely due to backwater effects) when compared to the

residual surface water outflow estimates for August, September, October, and November

(Table 11).  The months with greater precipitation totals had the highest errors in the gaged

surface water outflow estimates as would be expected since the backwater effects are more

likely to occur during larger storm events.  In Table 11, the surface water inflow for June was

estimated as the residual of the water budget equation using the gaged surface water outflow

estimate for June since there was no surface water inflow estimate due to instrumentation

error as already discussed in section 4.3. 

The change in storage estimated for the study period (S) was -48 cm (Figure 18).  The

change in storage for the entire year (S/yr) from February 1996 until February 1997 is also

shown in Figure 18.  The yearly estimated change in storage was found to be -0.5 cm

indicating that the water level at the end of the year was close to the water level at the

beginning of the year.


