





gallery was designed to have an infiltration rate of 3 mm/hr, infiltrating the 25-mm design
storm in 4 days. Overflow from the infiltration gallery discharged into the municipal storm

drainage system via a 380-mm diameter concrete pipe.
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Figure 3.4: Conventional site diagrams, from left: (a) watershed land use and characteristics, and (b)
major SCMs

Site characteristics and land use for the conventional site, a 2.8 ha commercial watershed, are
found in Table 3.1 and Figure 3.4a. SCMs treating stormwater at this site included three
grassed pretreatment swales (33 m and 29 m linear swales, and a 90 m pond perimeter swale)
and a 0.14 ha dry detention basin (Figure 3.4b). Stormwater was routed to one of the three
swales for pretreatment before entering the dry detention pond (Figures 3.5a, 3.5b). The dry
detention pond detained and slowly released this stormwater runoff through a concrete outlet

structure into the existing storm drainage network (Figure 3.5a). The dry detention pond was
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designed to (1) control runoff volumes from the 1-year, 24-hour storm (72.4 mm in Raleigh,
NC; NOAA, 2006), releasing this runoff volume over a minimum duration of 48 hours and

(2) control peak flows from the 2 and 10-year storm events (142 mm/hour and 181 mm/hr,

respectively; NOAA, 2006).

Figure 3.5: Conventional development design features, from left: (a) dry detention basin with grassed
perimeter pretreatment swales and concrete outlet structure, and (b) pretreatment swales

3.3.2 Site Cost

The site cost breakdown of the LID site is found in Table 3.3. As a result of its large-scale
underground system, the LID site was more expensive than typical SCMs. However, the
high land cost in the area provides reasoning for the high SCM cost. As a result of placing
SCMs underground, the increased available land use aboveground allows for more revenue
for developers from larger retail lease space. Therefore, it is important to assess the costs and

benefits of installing underground SCMs.
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Table 3.3: LID Site Cost Breakdown

Pretreatment $59,700.00
Pre-treatment Units $40,700.00
Bioswales $8,400.00
Bioretention Area $10,600.00
Underground System $541,900.00
Underground Detention & Settling Chamber $338,950.00
Infiltration System $132,200.00
Pipe Network $70,750.00
Cisterns & Irrigation $124,500.00
Cisterns $111,250.00
Spray Irrigation & Infiltration System $13,250.00
Total $726,100.00

3.3.3  Monitoring

This study compared two watersheds after the implementation of conventional and LID
SCMs. Aspects of two monitoring designs were used in this study: upstream/downstream
and paired watershed (Clausen and Spooner, 1993). Measured discharge at the outflow

(downstream) station was compared to precipitation-based estimated inflow (upstream)

values for peak flow and runoff volumes at each site using the upstream/downstream

monitoring design approach. However, since upstream monitoring stations were not in place

at each site throughout the entirety of the monitoring period, the monitoring scheme was not

truly a paired watershed design.
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Figure 3.6: Monitoring equipment, from left: (a) ISCO 674 tipping bucket rain gage, (b) v-notch weir
at outlet of LID site, and (c) compound v-notch weir at outlet of dry detention basin

Monitoring equipment used in this study is found on Table 3.4. An ISCO 674 tipping-bucket
rain gage (Figure 3.6a) located at the conventional development site recorded precipitation
depth and intensity of storm events. To check the accuracy of the automatic rain gage, a
manual rain gage measured precipitation depth and was used to calibrate the tipping-bucket
rain gauge. On average, the automatic rain gage data was adjusted by a correction coefficient
of 1.15; the adjustment amount did not depend on rainfall intensity. Precipitation values

enabled calculation of inflow volumes to estimate inflow pollutant loading.

Table 3.4: Monitoring equipment used in study

LID Conventional Development
Precipitation - ISCO 674 Automatic Rain Gage'
Water level ISCO 730 Bubbler Module ISCO 730 Bubbler Module
Stage-Discharge 30°, 150-mm V-notch weir 30°, 100-mm V-notch weir, 410-mm
Relationship rectangular end restrictions
Data Storage ISCO 6712 Sampler ISCO 6712 Sampler

'Rain gage was 0.25 km from the LID watershed.
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Monitoring equipment was installed at the outlet to the municipal storm drainage network at
each site: the 610-mm diameter outlet pipe at the conventional development was fitted with a
steel compound weir (Figure 3.5b), and the 380-mm diameter outlet pipe at the LID was
fitted with a steel v-notch weir (Figure 3.5¢). Water levels at each site outlet were measured
at 2-minute intervals throughout each storm event by ISCO 730 Bubbler Modules installed at
the invert of the pipe at the LID site and inside the concrete outlet structure at the
conventional site. ISCO 6712 Samplers fitted with the bubbler modules at each site recorded
and stored water level data throughout each storm event. Recorded water levels were
converted to storm discharge through stage-discharge weir equations. Equations and

calculations are found in Appendix A.

Flow-weighted, composite water quality samples were collected during each runoff-
producing storm events at each site with an ISCO 6712 automated sampler. Samples were
collected within 24 hours of the cessation of rainfall, and samples were chilled to <4°C until
analyzed. Composite stormwater samples were split into three bottles: (1) 20 ml was filtered
through a 0.45-micron filter into a glass bottle to measure orthophosphate (Ortho-P), (2) a
250 mL plastic bottle pre-acidified with H,SO4 for all other nutrient forms, and (3) a non-

acidified 1-liter plastic bottle for TSS.

Power failure due to insufficient battery life, holes cut in the bubbler tubing, and air in the
bubbler tubing caused occasional data collection malfunction. This was not an issue at the
conventional development, with the exception of one incident where the bubbler tubing was

accidentally cut due to plant maintenance in the dry pond. A few occurrences of insufficient
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battery life caused some data to be omitted, but overall data collection malfunction was low
at both sites (4 of 24 storm events). Incorrect data were not included in analyses. To ensure
that data collected were accurate, a manual level was measured after each storm, and
recorded 2-minute increment data were adjusted accordingly. With the exception of three
inaccurate water level readings incidences at the LID site (average error 0.047 m) and three
such at the conventional site (average error 0.036 m), water level readings were accurate

throughout the monitoring period.

3.3.4 Data Analysis

Nitrogen species [TKN, TAN, NO,+NOs], phosphorus species [TP, Ortho-P], and TSS were
analyzed at the North Carolina State University Center for Applied Aquatic Ecology (CAAE)
laboratory, approximately 18 km from site. Samples were analyzed using EPA and standard
methods (Eaton et al., 1995; EPA Method 351.1). TN was calculated by summing TKN and
NO,+NO;. EMCs below the practical quantitation limit (PQL) determined by the CAAE

were assigned a value of one-half of the PQL for statistical purposes.

Data analysis was performed with SAS® 9.3 software (SAS Institute, Inc. 2012) to
statistically compare pollutant concentration and loading differences between the two
watersheds. Differences of paired data sets were first tested for normality with three
goodness—of—fit tests: Kolmogorov-Smirnov, Cramer-von Mises, and Anderson-Darling.
Resulting normally distributed data were tested for statistical significance using the student’s

t test; non-normal data were log-transformed and reanalyzed for a normal distribution. Log-
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transformed data fitting a normal distribution were analyzed using the student’s t test; non-
normal data were analyzed for statistical significance using nonparametric tests (Wilcoxon
signed rank or sign test). Due to the assumption of symmetry in the Wilcoxon signed rank
test, outliers of nonparametric data were analyzed for symmetry. If the number of outliers on
each tail differentiated by one or less, symmetry was assumed, and the Wilcoxon signed rank
test was performed. However, excessive outliers on only one side suggested asymmetry, and
so the less statistically powerful sign test was used to determine runoff differences between
the two sites. Analysis of Covariance (ANCOVA) determined the effect of seasonality on
results. Data were analyzed for significance at the 0=0.05 level. SAS® code is included in

Appendix D.

3.4 Results

3.4.1 Precipitation Characteristics

Water quality samples were collected from January 11 — December 18, 2012. During 2012,
annual precipitation of 1285 mm was 9% above the climate normal of 1179 mm. Annual
rainfall was not compiled at the site; however, these annual precipitation values were
observed in Raleigh, NC (Station #317079: Raleigh State Univ, 35.794°N, 78.699°W),

approximately 15 km from the study site.

The 47 hydrologic storms monitored produced approximately 777 mm of rainfall, much less
than that of the annual rainfall observed in Raleigh, NC. Reasoning behind a lack of annual

recorded rainfall onsite was attributed to a number of factors: (1) manual rain gage readings
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were not recorded during non-sampled events for the first six months of the study period, and
(2) storm events that did not produce runoff (generally precipitation depths less than 5 mm)
were not included in the monitored 777 mm. Therefore, it is important to emphasize that this
777 mm of recorded data was not the annual precipitation depth onsite. The 20 storm events
sampled for water quality ranged in depth from 4.8 — 39.9 mm, with a mean and median

event size of 18.1 and 14.9 mm, respectively.

3.4.2 Pollutant Concentrations

Median values of pollutant concentrations observed at the outlet of each watershed are shown
in Table 3.5. Also included on Table 3.5 are EMCs from (1) two studies comparing LID and
conventional developments in residential (Bedan and Clausen, 2009) and commercial (Line
et al., 2012) watersheds, (2) effluent parking lot EMCs throughout North Carolina (Passeport
and Hunt, 2009), and (3) commercial EMCs from the National Stormwater Quality Database

(NSQD; Pitt et al., 2004).
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Table 3.5: Summary of effluent EMCs from the conventional development and the LID

TKN TAN NO>+NO;3; Ortho-P  TSS N TP
(mg/L) (mglL) (mg/l) (mgll) (mg/L) (mgL) (mg/L)

Conventional (n = 20) 0.51 0.09 0.18* 0.01 8.6 0.68 0.06
LID (n =20) 0.57 0.12 0.30* 0.01 9.5 0.87 0.05
NSQD* 1.6 0.5 0.6 0.11 42 2.2 0.22
Parking lot runoff® 1.19 0.32 0.36 0.07 - 1.55 0.19
Residential — Conventional ° 1 0.15 0.3 - 24 1.3 0.185
Residential — LID € 1.3 0.03 0.4 - 11 1.7 0.291
Commercial — Conventional ¢ 0.87 0.13 0.13 - 31.1 1.00 0.09
Commercial — LID ¢ 0.69 0.06 0.56 0.01 18.4 1.25 0.06

*National Stormwater Quality Database (NSQD; Pitt et al., 2004),
°Eight parking lots in NC (Passeport and Hunt, 2009)

Jordan Cove Residential Development (Bedan and Clausen, 2009)
YCommercial Development in NC (Line et al, 2012)

*Significantly different values

Both the LID and conventional development exhibited EMCs lower than the NSQD values
(Pitt et al., 2004) by a factor of 2 to 11, indicating the relatively clean effluent stormwater at
both sites, compared to a database of commercial runoff. The LID site was designed for no
outflow at or below the 25-mm storm. However, outflow observed at and below this storm
depth suggests a possible leak in the system, allowing for partial stormwater outflow to pass

by the system untreated.

Table 3.6: Summary of median influent and effluent EMCs from the conventional development
and the LID during September 9, 2012 — December 18, 2012.
TKN  TAN NO;+NO;3 Ortho-P  TSS TN TP
(mg/L) (mg/L) (mg/l) (mgL) (mg/L) (mglLl) (mgL)

Conventional, influent (n=4)  0.30 0.12 0.13 0.05 7.84 0.43 0.09
Conventional, effluent (n=4)  0.50 0.04 0.16 0.07 5.20 0.66 0.10
LID, influent (n = 6) 0.67 0.06 0.12 0.01 2747  0.79 0.08
LID, effluent (n = 6) 0.57 0.20 0.22 0.01 9.13 0.79 0.04
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Although inflow data were not collected for parking lot runoff during the entirety of the
monitoring period, four and six samples were taken at the conventional development and the
LID, respectively, during the period of September 9, 2012 to December 18, 2012, when
inflow monitoring was installed (Table 3.6). Because of the low number of storms, statistics

were not computed for these values.

3.4.2.1 Nitrogen Species

LID and conventional development EMCs were not significantly different for TKN (p =
0.2774), TAN (p = 0.4980), and TN (p = 0.2969); however, NO,+NO3; EMCs were 1.7 times
higher in the LID discharge than that of the conventional development (p=0.0126). At the
conventional development, apparent reduction of TAN and addition of TKN, NOx, and TN
was observed (Table 9). At the LID site, apparent reduction of TKN, addition of TAN and

NO,+NOs was observed, while TN appeared to remain constant (Table 3.5).

Observed TKN EMCs were lower than those observed in previous LID and conventional
development studies; TAN EMCs were lower than conventional developments studied in
both Bedan and Clausen (2009) and Line et al. (2012), but exceeded LID values observed in
both studies. For fourteen and eleven of the twenty storms sampled, the LID site had higher
TKN and TAN concentrations, respectively, than the conventional development. Large
percentages of impervious areas at both the conventional development (61% DCIA) and the

LID (84% DCIA) imply similarly low nutrient inputs at each site.
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Influent and effluent EMCs at the conventional site suggest addition of TKN and reduction of
TAN (Table 3.6), implying inputs of ON, likely due to fertilization of the grassed swales
onsite; Rushton (2001) observed similar TKN EMC increases for parking lots with swales,
but did not observe this trend in parking lots without swales. Any reduction of TAN at the
conventional development was likely due to nitrification (oxidation of ammonium to
NO,+NOs) in the dry detention basin water column; Rosenzweig et al. (2011) observed a
similar trend of TAN reduction and NO,+NOj3 addition in a dry detention basin. Contrarily,
reduction of TKN and addition of TAN was detected at the LID site. Because TAN
increased, TKN reduction was likely due to removal of ON in the system, resulting from
mineralization (microbial conversion of organic nitrogen to ammonium) and subsequent

nitrification likely occurring in the underground detention basin water column.

NO,+NOs concentrations were higher at the LID than the conventional development for 15
of 20 storms. Compared to values from residential runoff, NO,+NOz; EMCs at both the
conventional development and the LID had lower or equal concentrations relative to those

observed in Bedan and Clausen (2009) and the LID studied by Line et al. (2012).

Observed TN EMCs were lower than those observed in previous LID and conventional
development studies (Bedan and Clausen, 2009; Line et al., 2012). For fourteen of the
twenty storms sampled, the LID site had higher TN concentrations than the conventional
development, primarily due to higher NOy concentrations at the LID site. Parking lot and
effluent TN EMC:s at the conventional development indicated addition of TN, resulting from

the addition of TKN and NOx. An outside source of nitrogen likely existed at the
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conventional development, such as fertilization of the grassed swales. At the LID site,
median influent and effluent EMCs were equal because reduced TKN were offset by
increases of NO,+NOs. This was likely a result of mineralization and nitrification occurring
in the underground detention basin, transforming influent ON to TAN, and subsequently to

NOx within the system, keeping TN constant.
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Figure 3.7: Effluent nitrogen species EMCs by storm date, clockwise from top left: (a) TKN, (b) TAN, (c) NO,+NOs, and (d) TN
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3.4.2.2 Phosphorus Species

LID and conventional development EMCs were not significantly different for TP (p =
0.1769) or Ortho-P (p = 0.0826). For seven and six of the twenty storms sampled, the LID
site had higher TP and Ortho-P concentrations, respectively, than the conventional

development (Figure 3.8a, Figure 3.8b).
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Observed TP and Ortho-P EMCs were lower than or equal to those observed in previous LID
and conventional development studies (Bedan and Clausen, 2009; Line et al., 2012). Similar
fertilization patterns at each site may cause the similarity in phosphate concentrations
between each site. Large percentages of impervious areas at both the conventional
development (61% DCIA) and the LID (84% DCIA) imply similarly low fertilization
amounts at each site; the lack of vegetated areas may explain the low inputs of phosphorus at

each site.

For six storms sampled at the LID site, apparent reduction of TP was observed, and Ortho-P
remained constant (Table 3.6). Influent and effluent EMCs at the conventional site suggest a
negligible change in TP and a slight addition of Ortho-P (Table 3.6). TP removal at the LID
site may be due settling of particle-bound phosphorus within the underground detention
basin. A slight addition of Ortho-P was observed at the conventional development (Table
3.6), suggesting inputs of phosphate, likely due to fertilization and mowing onsite, similar to

changes in TN and TP. The LID site did not show a change in Ortho-P.

3.4.2.3 Total Suspended Solids

LID and conventional development EMCs were not significantly different for TSS (p =
0.5217). At both the conventional development and the LID, removal of TSS was observed,
though only slight removal was suggested at the conventional development. During the
spring season, TSS concentrations were approximately 2 times those from the winter season

at the LID (p=0.0452), likely due to the typically high intensity of the storms during the
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spring season (SCO, 2012). Average spring intensity storms (46 mm/hr) were higher than in

winter (18 mm/hr), though this difference was not significant.
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Figure 3.9: TSS effluent EMCs from the conventional development
and the LID

Conventional development and LID TSS EMCs were lower than reported by comparable
studies (Bedan and Causen, 2009; Line et al., 2012). Of the twenty storms sampled, ten
storms exhibited a higher concentration of TSS at the LID site than the conventional site
(Figure 3.9). Large percentages of impervious areas at both sites, as well as similar soil types
imply comparable sediment concentrations. Also, both sites were designed with a focus on
detaining stormwater, allowing for sedimentation to occur within the dry detention basin and
the underground detention basin (Hossain et al., 2005). Removal of TSS was observed at the
LID, in part due to relatively higher influent LID EMCs than those of the conventional

development.
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3.4.3 Pollutant Loadings

Though event mean concentrations were not significantly different between the two sites for

nearly all pollutants, when runoff volume was taken into account to calculate pollutant

loadings, the LID site discharged significantly lower (p<0.0001) loads, by factors ranging

from 20 to 90, for all pollutants monitored (Table 3.7).

Table 3.7: Median effluent pollutant loadings at the conventional development and the LID.

Conventional

Development LID Ratio: Conventional T.es.t 1
(n=20) (n=20) / LID Statistic
TKN (kg/ha/yr) 343 0.09 37 M=9 <0.0001
TAN (kg/ha/yr) 0.46 0.02 24 M=9 <0.0001
NO,+NOj; (kg/ha/yr) 1.10 0.05 23 M=9 <0.0001
Ortho-P (kg/ha/yr) 0.16 0.002 85 t=7.7 <0.0001
TSS (kg/ha/yr) 96.9 1.56 62 M=9 <0.0001
TN (kg/ha/yr) 4.52 0.14 32 M=9 <0.0001
TP (kg/ha/yr) 0.53 0.01 52 S=10 <0.0001

" Test statistics M (Sign test), t (Student’s t test), and S (Wilcoxon signed rank test)

Although the TN EMC:s at each site were not significantly different, effluent TN loadings

were 30 times higher at the conventional development than at the LID, demonstrating the

importance of volume reduction for pollutant mitigation. As illustrated in Figure 3.11, the

LID outperforms both sites studied in Line et al. (2012) as well as the mean value of two

parking lots with swales in NC (Rushton, 2001), while the conventional development exports

more TN mass than any of these studies.
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Figure 3.10: TN effluent loading at the conventional development and the LID, compared with
similar literature. Vertical lines shown at 2.5 kg/ha/year and 4.0 kg/ha/year represent local regulations
adjacent to (Falls Lake Watershed) and within (Neuse River Basin) the site watershed, respectively

The LID discharges substantially less TN than the thresholds established for the Neuse River
Basin, the sites’ watershed (4.0 kg/ha/year), and the Falls Lake Watershed, a nearby
watershed within the Neuse River Basin (2.5 kg/ha/year), by factors of nearly 28 and 18,
respectively (NCDENR, 1999; NCDENR, 2010; Figure 3.10). However, the conventional
site did not meet either of these regulations, instead exporting 0.52 kg/ha/year more TN than

the threshold for new development in the Neuse River Basin.

The conventional development exported 52 times more TP mass than the LID (p<0.0001).
This LID discharged less TP mass than other commercial LID sites, by factors of 23 (Line et
al., 2012) to 42 (Rushton, 2001), although similar EMCs were observed in Line et al. (2012)
(Table 3.4), again emphasizing the importance of runoff volume reduction in reducing

pollutant loadings.
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Figure 3.11: TP effluent loading at the conventional development and the LID, compared with
similar literature. A vertical line shown at 0.35 kg/ha/year represents local regulations (Falls Lake
Watershed) adjacent to site

The LID mitigated mass TP loadings below the Falls Lake Watershed threshold (0.35
kg/ha/year) by a factor of 34. However, the conventional development exported
approximately 1.5 times this limit (Figure 3.11). The conventional development exported
approximately 63 times more TSS than the LID (p<0.0001). Figure 3.12 illustrates the TSS
effluent loadings observed in this study as compared to Line et al. (2012)’s commercial

development and LID-type parking lots studied by Rushton (2001).

LID (herein) |
Conventional Development (herein) I
LID Parking Lots (Rushton, 2001) N
LID (Line et al., 2012)
Conventional Dev. (Line et al., 2012) | I
0 20 40 60 80 100

TSS Loading (kg/ha/year)

Figure 3.12: TSS effluent loading at the conventional development and the LID, compared with
similar literature
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Although the conventional development EMCs were approximately 25% of those at the
conventional development studied by Line et al. (2012), both conventional developments
exported approximately the same mass of TSS, at 96 kg/ha/year and 98 kg/ha/year,
respectively. In contrast, all three LID sites exported substantially lower pollutant loads of 8
kg/ha/year (Line et al., 2012), 20 kg/ha/year (Rushton, 2001) and 2 kg/ha/year (herein, Figure
3.13). Line et al. (2012) attributed the TSS load differential between their two sites as a
function of higher runoff volume mitigation and EMC reduction at the LID. Although the
effluent TSS EMCs at Line et al. (2012)’s LID were approximately 2 times higher than this
LID, Line et al. (2012) reported TSS loadings 5.3 times higher than observed herein,

emphasizing the importance of runoff volume mitigation for pollutant mitigation.

3.5 Conclusions

EMC:s discharged at each site were lower than parking lot effluent in NC (Passeport and
Hunt, 2009) and a range of commercial landscapes across the U.S. (Pitt et al., 2004).
Although EMCs were not generally significantly different between the conventional
development and the LID, the conventional development exported a factor of 23 — 85 times
more pollutants than the LID. This was due to the higher runoff volume reduction from the
large-scale detention and infiltration system at the LID site, stressing the importance of both

pollutant and hydrologic mitigation to maximize function.

The LID site discharged substantially less pollutant loadings than similar LID commercial

studies as well (Line et al., 2012; Rushton, 2001) due to the high infiltration capacity of the
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underlying hydrologic type B soils and the proportionally large infiltrative footprint. Such a
large SCM footprint would be considered “overdesigning” the SCMs to capture the entire
design storm for infiltration, rather than solely meeting peak flow requirements. Pairing
large-scale detention and infiltration SCMs with infiltrating LID SCMs as in this design

resulted in mitigation of pollutant loadings below similar peer-reviewed LID studies.

Results from this innovative combined detention, stormwater harvesting, and infiltration LID
system will provide space-saving solutions for areas where aboveground SCMs, such as dry
detention basins and constructed stormwater wetlands, are not feasible due to high land costs

and constricted spaces.
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Chapter 4: Assessment of a Rainwater Harvesting System as a Component of an

Innovative, Underground Low Impact Development

4.1 Abstract

The USEPA’s National Water Quality Inventory: 2004 Report to Congress identifies urban
stormwater runoff as one of the leading sources of impairment in waterways (USEPA, 2009).
Low Impact Development (LID) emphasizes water use onsite through the use of rainwater
harvesting (RWH) systems. Historically implemented in arid or semi-arid regions, RWH has
recently surged in popularity in more humid regions, such as the southeastern U.S., due to
increased interest in water conservation and severe drought conditions. A LID commercial
site in Raleigh, NC, incorporates RWH with other SCMs to mitigate runoff quantity and
quality. The RWH system consists of a 44,300-liter aboveground cistern used for indoor
toilet flushing, and two underground cisterns (57,900 liters and 60,600 liters, used for
landscape irrigation). The 57,900-liter cistern was monitored to determine the rooftop water
quality (influent) and the water quality exiting the cistern via a drip irrigation system
(effluent). Samples were analyzed for total nitrogen, total phosphorus, total Kjeldahl
nitrogen, total ammoniacal nitrogen (TAN), nitrite-nitrate (NO,+NO3), orthophosphate and
total suspended solids (TSS). TAN concentrations increased 1.3 times from inflow to
outflow, while NO,+NOs3 concentrations and TSS concentrations decreased significantly.

All other pollutants were not significantly different between the inflow and outflow. All
pollutants monitored, however, were less than previously published observed rainfall

pollutant concentrations, indicating the relatively clean water onsite.
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Keywords: Rainwater harvesting, low impact development, stormwater management, urban
commercial infill, nutrient management, irrigation, stormwater runoff, nitrogen, phosphorus,

total suspended solids, L.I.D., North Carolina
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4.2 Introduction

Low Impact Development (LID), a term coined by Prince George’s County (1999), describes
an approach to stormwater management, focusing on minimizing stormwater impacts onsite
and mimicking predevelopment hydrology. Restoring the predevelopment hydrology of a
site places a focus on increasing evapotranspiration and infiltration, decreasing runoff

volumes and peak flows, and addressing water capture and use onsite (Perrin et al., 2009).

LID emphasizes water use onsite through the use of rainwater harvesting (RWH) systems.
The primary objective for these systems is to provide an alternative water source for non-
potable needs such as irrigation, toilet flushing, car washing, and laundry. Up to a 70%
reduction in the demand for potable water can be expected for an LID incorporating RWH

systems versus a conventional development (van Roon, 2007).

Historically implemented in arid or semi-arid regions, RWH has recently surged in
popularity in more humid regions, such as the southeastern U.S., due to increased interest in
water conservation, severe drought conditions, restrictions on lawn irrigation stemming from
drought conditions, and economic incentives (DeBusk et al., 2013; Jones and Hunt, 2010).
If a RWH system is designed and used properly, regulatory credit is given for hydrologic
mitigation of runoff volume and peak flow rates by some authorities (e.g. NCDENR, 2009).
Rooftop runoff captured by RWH systems, may contain pollutants such as metals, organics,
sediment, and microbiological contaminants (Abbasi and Abbasi, 2011). Though no

regulatory credit is given to RWH for nutrient removal, observed reductions in particle-
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bound TN (81%) and TP (90%), as well as TSS (97%) loads have been modeled due to the
sedimentation potential of RWH systems (Khastigir and Jayasuriya, 2010). Rainwater
harvesting not only provides for a safe and supplemental water supply, but it also has the

potential for mitigation of sediment-bound pollutants.

4.3 Methodology

A RWH component of a LID commercial site in Raleigh, North Carolina, was monitored
from January 2012 — December 2012 for runoff quality. Located in the piedmont of North
Carolina, Raleigh, the capital city of NC, has a population of approximately 400,000 (U.S.
Census Bureau, 2013). Normal average monthly temperatures range from 4.2°C in January —
25.9°C in August (SCO, 2012). Normal precipitation for Raleigh, NC is 1179 mm/year

(SCO, 2012).

4.3.1 Site Description

The 2.5-ha commercial LID site, consisting of a mix of businesses and restaurants, an asphalt
parking lot, vegetated parking islands, and a preserved natural wooded area drained into a
series of aboveground and underground SCMs, including three cisterns (Figure 4.1). The
drainage area and land use characteristics of the site are found in Table 4.1. The LID site
was intended to (1) match predevelopment peak discharges for the Type II, 2-year and 10-
year return period storms (142 mm/hour and 181 mm/hr, respectively; NOAA, 2006), and (2)

capture and infiltrate runoff from the 25-mm water quality event.
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Three cisterns, totaling approximately 162,800 L of storage, captured runoff from the
rooftops and utilized the water onsite for indoor and outdoor needs (Figure 4.2). A 44,300-
liter aboveground cistern (Figure 4.2a) and a 57,900-liter underground cistern, hereafter
referred to as Underground Cistern 1, (Figure 4.2b) each captured runoff from the northern
rooftop (3,800 m” surface area). The aboveground cistern (drainage area 1,700m”) was used
for indoor toilet flushing, while water in Underground Cistern 1 (drainage area 2,100m?) was
used to irrigate the tree protection area through a drip irrigation system scheduled to cycle
daily. A third cistern (60,600 liters), Underground Cistern 2, located underground, captured
rooftop runoff from the southern building (1,600 m?) for use in the irrigation (drip and spray)
of site landscaped areas. Parking lot runoff and rooftop runoff exceeding the capacity of the

cisterns drained to an underground detention and infiltration system beneath the parking lot.
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Table 4.1: Site characteristics of the LID site studied

Location Intersection of Six Forks & Strickland Roads, Raleigh, NC
(35.900°N, -78.651°W)
Year built 2011
Watershed Neuse River Basin
Land uses Commercial businesses, grocery store, and restaurant
Underlying soil Appling (Hydr. Soil Group B)
Drainage area, ha 0.54
Aboveground Cistern 0.17
Underground Cistern 1 0.21
Underground Cistern 2 0.16
% of catchment as DCIA 100%

Underground Cistern 1, the focus of this study, contained a 10-mm diameter drawdown
orifice that emptied the tank within five days after a storm event. In order to irrigate the tree
protection area, the water was pumped through drip irrigation lines; the submersible pump

was located in Underground Cistern 1.

Figure 4.2: Three cisterns, from left: (a) the aboveground cistern, (b) Underground Cistern 1, and (c)
Underground Cistern 2
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4.3.2 Monitoring

The inflow and outflow of Underground Cistern 1 were monitored to determine how water
quality changed from entry into the cistern to that which exited the cistern when applied onto
the tree protection area. Figure 4.3 identifies monitoring locations. Representative inlet
samples were collected at one of four contributing downspouts to the cistern. Outflow

monitoring was conducted underneath the drip irrigation lines in the tree protection area.

Inlet location
(downspout)

‘ Undérground
Cistern 1

.r. \
A\
\
.

B\ {‘s \
[ Outlet location .
KN (irrigation) i

An ISCO 674 tipping-bucket rain gage located adjacent to the monitoring site recorded
precipitation depth and intensity from storm events. A manual rain gage that measured

precipitation depth calibrated the automatic rain gage,. On average, a correction coefficient
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for adjustment of automatic rain gage data was 1.15, and the adjustment was independent of

rainfall intensity.

The inlet monitoring station included a flow diversion device constructed inside the
downspout to capture flow-proportional samples, a 20L sampling bottle fitted with an
overflow tube, and a box to house the sampling bottle (Figure 4.4). The flow diversion
device consisted of bubbler tubing (3.2-mm diameter) supported by an aluminum arm, used
to place the bubbler tubing in the interior corner of the downspout, where high flow was
observed (Figure 4.4a). This device captured a small portion of each storm event, partially
filling the 20L sample bottle with a flow-proportional fraction of the influent stormwater

(Figure 4.4b). The system did not overflow during this study.

Figure 4.4: Inlet (downspout) monitoring setup, from left: (a) flow diversion device constructed to

capture flow-proportional samples, (b) connection of downspout to sampling bottle, and (c)
monitoring box

The outlet monitoring station was located in the tree preservation area underneath a drip

irrigation line. Because the drip irrigation system routinely ran for one hour daily, the drip
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irrigation system collected a representative sample of water exiting the irrigation system.
Outflow sampling occurred within one day of a storm event. Collecting water from one
perforation in the drip irrigation line produced a sufficient sampling volume. A 20L

sampling bottle fit with a funnel captured water (Figure 4.5).

= g

/",.'1

from left: (a) sampling bottle with funnel, an () |

Figure 4.5: Outlet (irrigation) monitoring setup,
monitoring setup with irrigation line

Flow-weighted, composite influent water quality samples were taken throughout each runoff-
producing storm event. Effluent samples were collected at the completion of each storm
event. Samples were collected within 24 hours of the cessation of rainfall and were chilled to
<4°C until analyzed. Composite stormwater samples were split into three bottles: (1) 20 ml
was filtered through a 0.45-micron filter into a glass bottle to measure orthophosphate
(Ortho-P), (2) a 250-ml plastic bottle pre-acidified with H,SO, for all other nutrient forms,

and (3) a non-acidified 1-liter plastic bottle for TSS. Malfunction at the irrigation system

108



occurred at several points during the monitoring period, including a period of April 23 — June

13. This caused a gap in data collection for the spring season.

4.3.3 Data Analysis

Nitrogen species [TKN, TAN, NO,+NOs], phosphorus species [TP, Ortho-P], and TSS were
analyzed at the North Carolina State University Center for Applied Aquatic Ecology (CAAE)
laboratory, approximately 18 km from site. Samples were analyzed using EPA and standard
methods (Eaton et al., 1995). TN was calculated by adding concentrations of TKN to those
of NO,+NO;. EMCs below the practical quantitation limit (PQL) determined by the CAAE

were assigned a value of one-half of the PQL for statistical purposes.

Data analysis was performed with SAS® 9.3 software (SAS Institute, Inc. 2012) to
statistically compare pollutant concentration and loading differences between the two
watersheds. Differences of paired data sets were first tested for normality with three
goodness—of—fit tests: Kolmogorov-Smirnov, Cramer-von Mises, and Anderson-Darling.
Resulting normally distributed data were tested for statistical significance using the student’s
t test; non-normal data were log-transformed and reanalyzed for a normal distribution. Log-
transformed data fitting a normal distribution were analyzed using the student’s t test; non-
normal data were analyzed for statistical significance using nonparametric tests (Wilcoxon
signed rank or sign test). Due to the assumption of symmetry in the Wilcoxon signed rank
test, outliers of nonparametric data were analyzed for symmetry. If the number of outliers on

each tail differentiated by one or less, symmetry was assumed, and the Wilcoxon signed rank
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test was performed. However, excessive outliers on only one side suggested asymmetry, and
so the less statistically powerful sign test was used to determine runoff differences between
the two sites. Analysis of Covariance (ANCOVA) determined the effect of seasonality on
results. Data were analyzed for significance at the 0=0.05 level. SAS® code is included in

Appendix D.

4.4 Results

4.4.1 Precipitation Characteristics

Water quality samples were collected from January 11 — February 20, 2012 and July 10 —
December 18, 2012. During 2012, annual precipitation of 1285 mm was 9% above the
climate normal of 1179 mm. As a result of an occasionally malfunctioning automatic rain
gage, annual rainfall was not compiled at the site; however, these annual precipitation values
were observed in Raleigh, NC (Station #317079: Raleigh State Univ., 35.794°N, 78.699°W),
approximately 15 km from the study site. The 17 storm events sampled for water quality
ranged in depth from 4.8 — 39.9 mm, with a mean and median event size of 18.1 and 14.9
mm, respectively. Collected occurred throughout the winter (6 samples), summer (6
samples), and fall (5 samples) seasons, but a malfunctioning irrigation system prevented

spring sample collection.
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4.4.1 Pollutant Concentrations

Influent and effluent pollutant concentrations were compared for each of 17 monitored storm
events (Table 4.2). Concentrations of TKN, TN, Ortho-P, and TP were slightly higher in
effluent concentrations than influent concentrations, although these changes were not
significant. Significant TAN addition (+67%), NO,+NO; reduction (-17%), and TSS
reduction (-53%) were likely caused by settling and nitrogen cycle processes within the

tanks.

Table 4.2: Mean observed influent and effluent EMCs, and mean nutrient reductions
Paired Differences

inilol‘;] Onuiﬂlo7w Change1 Signiﬁcance2 S tZteiZtic p
TKN (mg/L) 0.46 0.63 - N.S. t=-1.65 0.1178
TAN (mg/L) 0.24 0.32 +67% * t=-2.29 0.0362
NO,+NO; (mg/L) 0.37 0.29 -17% * t=2.61 0.0189
TN (mg/L) 0.84 0.92 - N.S. t=-0.77 0.4531
Ortho-P (mg/L) 0.007 0.009 - N.S. t=10.31 0.7581
TP (mg/L) 0.02 0.03 - N.S. M=-3 0.1796
TSS (mg/L) 5.44 1.81 -53% Rk t=6.18 <0.0001

'Positive change = addition, negative change = reduction
*N.S. = Not significant, ¥p<0.05, **p<0.01, ***p<0.0001

4.4.2.1 Nitrogen Species

Though TN and TKN concentrations were not found to be statistically different between
inflow and outflow, TAN increased 67% (p=0.0362), and NO,+NOs decreased 17%
(p=0.0189) between outflow and inflow (Figure 4.6). The reduction in NO,+NO3; EMCs

may be a result of several processes occurring, including denitrification of NO,+NOj into
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gaseous N, and/or dissimilatory nitrate reduction to ammonium (DNRA; Reddy and
DeLaune, 2008). If the sole process of NO,+NO; reduction were denitrification, a reduction
of TN would have been observed; however, a slight of addition of TN was observed instead.
DNRA, the process by which anaerobic bacteria convert NO,+NOj3 to TAN, may explain
both the reduction in NO,+NOj and the addition of TAN. Though particulate nitrogen was
not sampled, another possible process to explain TAN addition is conversion of particulate
organic nitrogen (ON) to dissolved ON to TAN. DeBusk and Hunt (submitted) observed a
similar trend of NO,+NOj3 reduction and TAN addition in a RWH system in Raleigh, NC,
attributing this nitrogen transformation to denitrification, DNRA, or conversion of ON to
TAN. Because anaerobic conditions and particulate ON were not tested in this study, it
cannot be concluded which combination of nitrogen processes occurred within the RWH

system.
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Figure 4.6: Influent and Effluent storm EMCs, from left: (a) TAN, and (b) NO,+NO;

Previous RWH and rooftop studies have reported comparable TN influent and effluent
EMCs. Hathaway et al. (2008) reported TN EMCs of 0.06 mg/L to 2.41 mg/L for a rooftop
in Goldsboro, NC; TN rooftop EMCs of 0.26 mg/L to 20.36 mg/L. were reported for four
rooftops in Raleigh, NC (DeBusk and Hunt, submitted). DeBusk and Hunt (submitted)
reported comparable TN effluent EMCs of 0.24 to 2.39 mg/L in Raleigh, NC. However,
Despins et al. (2009) reported mean effluent EMCs ranging from 1.5 + 0.4 mg/L to 2.0 £ 0.6

mg/L in Ontario, Canada, higher than the observed mean TN EMC herein (0.84 mg/L).

With the exception of NO,+NOj, nutrient reduction was not observed in this RWH system.
DeBusk and Hunt (submitted) reported significant reductions of TN, TKN, TAN, and
NO,+NO; EMCs; however, the only significant change at this site was an increase in TAN.

Reduction in NO,+NO; (17%) was less than observed by DeBusk and Hunt (submitted)
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(47.9%). As observed in DeBusk and Hunt (submitted), a majority of nitrogen species
reduction occurred over a period of days, due to the biological and chemical nature of
nitrogen removal processes. The underperformance of this RWH may be due to a short
detention time, as the irrigation system was scheduled to run daily, often allowing water

detained only for several hours to exit via the irrigation system relatively untreated.

4.4.2.2 Phosphorus Species

Neither TP nor ortho-P was significantly different between the two monitoring locations
(Table 4.2). The lack of phosphorus mitigation was likely due to relatively low rooftop TP
and ortho-P EMCs (0.02 mg/L and 0.007 mg/L, respectively). Of the 17 storms sampled,
three influent and four effluent TP EMCs were below the PQL of 0.01 mg/L, indicating
relatively low concentrations and a lack of further reduction capability. Similarly, ortho-P
EMCs were below the PQL of 0.006 mg/L for nine influent and twelve effluent storm events

sampled.

In Hathaway et al. (2008), TP EMCs for rainfall were 0.05 mg/L on average, approximately
2 times greater than both influent and effluent EMCs in this study, confirming (1) the low
phosphorus concentrations and (2) low potential of further nutrient reduction via the cistern.
Influent TP concentrations ranging from 0.005 mg/L to 3.85 mg/L were reported by DeBusk
and Hunt (submitted), with a median concentration of 0.03 mg/L, approximately 1.5 times

that observed herein. Bannerman et al. (1993) reported an average TP EMC of 0.20 mg/L for
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commercial rooftops, approximately 10 times the median EMC observed herein. Due to the

low EMCs observed, no reduction of phosphorus species is likely.
4.4.2.3 Total Suspended Solids

Mean influent and effluent TSS concentrations are found in Table 4.2 and illustrated in
Figure 4.7. Of the 17 storm events monitored, three influent and /4 effluent EMCs were
below reported PQLs, indicating that despite clean influent, effluent TSS concentrations were
still reduced (Figure 4.7). A mean TSS reduction of 53% was observed, most likely due to
particle settling within the cistern. The median influent TSS EMC at this site (5.44 mg/L)

was less than reported by similar sites, indicating the relatively clean influent water.
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Figure 4.7: Influent and effluent TSS storm EMCs
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Unlike biological and chemical nutrient removal processes, physical processes, such as
particle settling, occur immediately upon entering the RWH system (DeBusk and Hunt,
submitted), allowing for potential TSS mitigation, even in circumstances of short detention
time. Rooftop TSS EMCs of 15 mg/L observed at commercial sites by Bannermann et al.
(1993) verify that, by comparison, rooftop runoff from this site was clean. As in this study,
DeBusk and Hunt (submitted) measured influent median TSS EMCs (3.48 mg/L) at four sites

in Raleigh.

4.5 Conclusions

Although RWH systems are typically designed for runoff volume capture and use, and given
credit for peak flow attenuation (NCDENR, 2009), some changes in pollutant concentrations
were observed in this RWH system. Significant TAN addition (+67%) and NO,+NO3
reduction (-17%) was likely due to nitrogen transformation, notably DNRA. Settling of
particles from rooftop runoff in the RWH tank yielded a TSS reduction of 53%, although
phosphorus, typically bound to sediment, did not significantly change. The effluent
stormwater EMCs measured herein were overall less polluted than similar influent data
reported by Bannerman et al. (1993), DeBusk and Hunt (submitted) and Hathaway et al.
(2008). The cistern was successful at mitigating stormwater runoff to at or below typical

rainfall and runoff EMCs, reducing the impact of development on water quality.

Reasoning behind the pollutant performance may be attributed to the “overdesigning” of the

RWH system. The catchment area for Underground Cistern 1 was 2100 m?, while the
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capacity of the cistern was 57.9 m’. This design allowed for an average rainfall of 28 mm to
be captured by the cistern, a factor of 1.1x the design storm; three storms (18% of the
monitoring period) exceeded 28 mm during the monitoring period. This added storage
capacity could allow for sediment settling and storage, as well as a larger volume capture,

mitigating a larger storm than designed.
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Chapter 5: Summary of Studies, Recommendations and Further Research

5.1 Synthesis of Studies

As concluded in Chapter 2, low impact development (LID) has great potential to not only
reduce runoff volumes and peak discharges to that of predevelopment conditions, but can
even infiltrate more water than predevelopment for large events (e.g. 10-year, 24-hour). This
commercial LID outperformed not only the conventional development, but also similar
studies (Bedan and Clausen, 2009; Line et al., 2012; Rushton, 2001). Due to the detention
and infiltration SCMs, peak flow mitigation greater than 98% was observed. Runoff
coefficients computed at the commercial LID concluded that detention and infiltration are

important stormwater management goals for meeting predevelopment conditions.

In terms of pollutant mitigation (Chapter 3), EMCs were generally not significantly different
between the conventional development and the LID presumably due to observed event mean
concentration (EMCs) at low influent concentrations and similar treatment mechanisms at
each site. However, because the LID site reduced a large volume of runoff, the conventional
development exported a factor of 23 — 85 times more pollutant loads than the LID. Despite
concentration data not being conclusive to which development is better for water quality
mitigation, the high runoff volume mitigation enabled the LID site to outperform all current
peer-reviewed commercial LID studies in terms of pollutant loadings (Line et al., 2012;

Rushton, 2001).
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Chapter 4 discussed the performance of a rainwater harvesting (RWH) system and its
influent and effluent EMCs. Influent and effluent total nitrogen (TN) and total Kjeldahl
nitrogen (TKN) EMCs were not significantly different; however, reduction of nitrate — nitrite
(NO,+NOs) and addition of total ammoniacal nitrogen (TAN) was observed. Denitrification,
dissimilatory nitrate reduction to ammonium (DNRA), and conversion of organic nitrogen
(ON) to TAN were possible nitrogen transformation processes; the lack of TN reduction
excludes denitrification as the sole NO,+NO; reduction mechanism, however. A similar
trend was observed in DeBusk and Hunt (submitted). Since influent and effluent phosphorus
species EMCs were below values reported by Hathway et al. (2008), reported practical
quantification limits (PQLs), and values reported by DeBusk and Hunt (submitted), it was
determined that influent phosphorus EMCs may not have been likely further reducible. As a
result, total phosphorus (TP) and orthophosphorus (Ortho-P) concentrations were not
significantly different between inflow and outflow. Low influent TSS concentrations were

reduced, presumably due to settling.

Three commercial LID studies have thus far focused on (1) incorporating wetlands,
bioretention, and permeable pavement (Line et al., 2012), (2) testing the incorporation of
swales into various permeable and impermeable surfaces (Rushton, 2001), and (3) this study
utilizing underground detention basins, infiltration trenches, and RWH with swales and
bioretention. Though all three studies improved water quality and mitigated water quantity,

more research is needed incorporating LID SCMs with large-scale detention. This study
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proved that incorporating detention and infiltration into site design allowed for

predevelopment hydrology, even in urban settings with 84% impervious land cover.

Reasoning behind the high runoff volume reduction at the LID site is likely due to the
infiltration capacity of the underlying hydrologic soil group B soil, Appling. Additionally,
high peak flow reductions at both the conventional development and the LID are likely a
result of the large-scale detention facilities at each site. Because the LID site performed at a
much higher peak flow reduction than the conventional development and previous studies
(Bedan and Clausen, 2009; Line et al., 2012; Rushton, 2001), a question is raised as to
whether or not the system was “overdesigned.” Between the cisterns, detention chamber, and
infiltration gallery, approximately 1950 m’ of storage volume was capable of capturing 77
mm of runoff over the entire catchment area, rather than the 25.4 mm design storm as in
Bedan and Clausen (2009) and Hood et al. (2007). Because of this extra storage volume, the
system may capture and detain large events, such as the three storms more intense than the

10-year storm experienced during the monitoring period (Ch. 3).

5.2 Recommendations for Design and Evaluation

Leaking into the underground system appeared to cause the LID site to outflow more water
than expected (though the amount of water was still nearly negligible). As a result of the
underground “out of sight, out of mind” mentality, the leak was not easily detectable or
maintainable. An issue was also discovered at the drip irrigation system. When a cistern is

full, it has the potential to be used for supply, but has no stormwater mitigation potential
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(DeBusk et al., 2013). During April — June 2012 when the irrigation system was not
functioning properly, the cistern remained full and was not emptied. Frequent maintenance
and inspection is necessary to ensure these systems are functioning as intended rather than
remaining full for extended periods of time without water release. Had this site not been the

focus of a research study, it is likely both issues would have gone unnoticed.

One tenant of LID is public education; however, this is difficult to attain when the majority
of the LID was underground and not accessible to the public. The onsite grocery store did
take advantage of the LID, posting informational graphics on how the system works, as well
as numerical data on water use from the attached aboveground cistern. An idea to “bring the
LID aboveground” would be to install a water level probe inside the detention basin and
infiltration trenches, and create a live graphic showing the water level beneath the parking

lot.

5.3 Further Research

Although monitoring water quality at the outlet of each site was sufficient to compare the
performance of each site, monitoring inflow water quality at each site would allow for a more
precise assessment. For storms measured at the inflow of both sites toward the end of the
monitoring period, the LID and conventional development received differing pollutant
concentrations, with the most extreme value for TSS being 4 times higher at the LID than at

the conventional development. Because of this difference in inflow concentrations, it would
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be better to directly measure inflow and outflow concentrations at each site, calculating

actual nutrient reduction capabilities of each site.

Of the influent EMCs sampled, Chapter 3 reported variable performance in pollutant
reduction and addition, likely due to the lack of vegetation-based SCMs, such as constructed
stormwater wetlands, bioretention, and grassed swales. Because these particular SCMs are
given local credit for pollutant removal (NCDENR, 2009), it would be interesting to

determine the effect on effluent EMCs if these SCMs were a larger part of the LID design.

To further increase knowledge of the LID and how it functions, inflow and outflow of each
SCM onsite would allow for comprehension of where water quality mitigation occurs in this
“treatment train.” Because the LID encompasses grassed swales, bioretention, rainwater
harvesting, and the infiltration gallery, there is much opportunity to learn about each
component individually and how they function as a system, because they all have water

quality mitigation potential.

Two reasons the LID performed so well were the underlying high-infiltration capacity soils
and the “overdesign” of the system. Because underlying soil type was an integral component
in the hydrologic performance of the LID site, an interesting future study could determine the
performance of an LID built upon soils with less infiltration capacity, such as soil groups C
or D. Similarly, modeling the LID based on field data and decreasing the detention volume

of the SCMs would allow for the determination of optimal cost-benefit performance.
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Appendix A: Raw Data

LID and Conventional Development Raw Data: Event Mean Concentrations

Rainfall TKN (mg/L) TAN (mg/L) NO,+NOj3 (mg/L) TN (mg/L) TP (mg/L) Ortho-P (mg/L) TSS (mg/L)

Storm Date (mm) Conv. LID Conv. LID Conv. LID Conv. LID Conv. LID Conv. LID Conv. LID
1/12/12 15.24 0.82 0.67  0.17 0.22 0.32 0.25 1.13 0.91 0.09 0.05 0.01 0.00 15.36 3.56
1/22/12 16.51 0.48 0.00  0.08 0.00 0.17 0.00 0.65 0.00  0.05 0.00 0.01 0.00 8.50 0.01
1/27/12 9.40 1.02 0.56  0.25 0.21 0.35 0.30 1.37 0.87 0.22 0.05 0.01 0.02 62.97 10.87
2/6/12 11.43 0.56  0.85 0.13 0.26 0.34 0.58 0.90 1.43 0.04  0.05 0.01 0.01 3.31 10.47
2/17/12 8.64 0.82 0.69  0.38 0.34 0.23 0.29 1.05 0.98 0.05 0.04 0.02 0.02 2.95 7.62
2/20/12 19.05 0.31 0.48 0.13 0.19 0.11 0.23 0.42 0.71 0.03 0.03 0.01 0.00 8.76 6.18
4/23/12 30.73 0.70  0.51 0.10  0.10 0.13 0.23 0.83 0.74  0.08 0.06 0.00 0.02 33.47 1045
5/10/12 21.08 0.52 .12 0.10  0.18 0.12 0.53 0.65 1.65 0.08 0.10 0.02 0.01 13.27  23.00
5/15/12 12.95 0.56 059 010 0.12 0.17 0.46 0.72 1.05 0.06  0.27 0.01 0.02 14.04 11.69
6/12/12 14.48 0.73 1.08 0.12 0.11 0.20 0.62 0.93 1.70  0.06  0.07 0.01 0.01 3.08 9.18
6/13/12 13.97 0.47 0.49  0.09 0.08 0.12 0.31 0.59 0.80  0.05 0.04 0.01 0.01 11.40 6.83
7/12/12 19.05 0.45 0.74  0.08 0.02 0.35 0.45 0.80 1.19  0.04 0.06 0.00 0.00 8.46 10.93
8/8/12 39.88 0.49 0.58 0.04  0.05 0.21 0.36 0.70 094 0.10 0.04 0.04 0.00 7.98 8.38
8/9/12 36.32 0.45 046  0.06 0.06 0.15 0.18 0.61 0.65 0.14  0.07 0.04 0.02 35.60 10.03
8/21/12 39.62 026 044  0.07 0.07 0.13 0.32 0.39 0.76  0.07 0.09 0.04 0.00 9.94 8.52
9/8/12 20.57 0.77 1.33 0.04 0.73 0.20 0.16 0.98 1.49  0.09 0.04 0.00 0.00 21.65 5.63
10/30/12 12.95 0.21 0.21 0.03 0.03 0.09 0.18 0.31 0.39  0.07 0.02 0.05 0.01 1.90 3.29
11/14/12 4.83 0.00 1.08 0.00 042 0.00 0.25 0.00 1.33 0.00  0.09 0.00 0.03 0.01 10.22
11/16/12 8.64 0.23 0.41 0.04 0.13 0.11 0.18 0.34 058 0.11 0.05 0.08 0.02 4.23 8.97
12/18/12 6.86 2.01 0.52 1.31 0.16 0.60 0.35 2.61 0.87 0.51 0.04 0.45 0.00 6.16 12.56
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RWH Raw Data: Event Mean Concentrations

Storm Rainfall TKN (mg/L) TAN (mg/L) NO,+NO; (mg/L) TN (mg/L) TP (mg/L) Ortho-P (mg/L) TSS (mg/L)
Date (mm) influent effluent influent effluent influent effluent influent effluent influent effluent influent effluent influent effluent
1/12/12 15.24 0.42 0.47 0.25 0.26 0.28 0.31 0.70 0.78 0.02 0.02 0.0072  0.0030 4.47 1.69
1/22/12 16.51 0.44 0.46 0.33 0.27 0.27 0.35 0.71 0.81 0.01 0.01 0.0030  0.0030 3.30 1.29
1/27/12 9.40 0.62 0.92 0.26 0.34 0.27 0.25 0.89 1.17 0.03 0.04 0.0062  0.0092 9.37 3.45
2/6/12 11.43 0.70 0.61 0.54 0.43 0.66 0.52 1.36 1.14 0.03 0.02 0.0030  0.0030 5.72 1.25
2/17/12 8.64 1.50 0.73 0.43 0.34 0.41 0.36 1.91 1.09 0.05 0.02 0.0357  0.0030 7.70 1.27
2/20/12 19.05 0.38 0.57 0.25 0.29 0.30 0.34 0.67 0.91 0.02 0.02 0.0030  0.0030 3.19 2.54
7/10/12 14.48 0.43 1.23 0.15 0.68 0.42 0.09 0.84 1.32 0.01 0.04 0.0030  0.0063 4.52 2.53
8/9/12 36.32 0.25 0.19 0.11 0.11 0.26 0.16 0.52 0.35 0.02 0.005 0.0062  0.0030 4.62 1.27
8/21/12 39.62 0.59 0.34 0.34 0.21 0.32 0.20 0.91 0.55 0.005 0.005 0.0169  0.0030 1.28 1.28
9/6/12 32.51 0.17 0.26 0.18 0.22 0.18 0.14 0.35 0.39 0.005 0.005 0.0030  0.0030 1.27 1.16
9/8/12 20.57 0.16 0.33 0.15 0.25 0.16 0.17 0.33 0.50 0.005 0.005 0.0068  0.0030 4.08 1.28
9/17/12 12.70 0.63 0.55 0.46 0.41 0.87 0.47 1.49 1.03 0.01 0.02 0.0030  0.0030 1.26 1.31
10/30/12 12.95 0.19 0.28 0.08 0.12 0.46 0.23 0.65 0.51 0.01 0.01 0.0114  0.0030 343 1.79
11/14/12 4.83 0.60 0.78 0.19 0.37 0.41 0.30 1.01 1.08 0.04 0.04 0.0073  0.0030 15.71 1.93
11/16/12 8.64 0.17 1.00 0.06 0.15 0.22 0.24 0.39 1.24 0.02 0.13 0.0030  0.0699 7.66 2.55
12/13/12 9.14 0.27 1.19 0.14 0.66 0.42 0.45 0.70 1.64 0.02 0.08 0.0030  0.0196 6.49 1.28
12/18/12 6.86 0.38 0.81 0.18 0.37 0.38 0.28 0.77 1.09 0.02 0.06 0.0030  0.0079 8.33 2.96
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Appendix B: Inflow Calculations

Volume Inflow: NRCS Curve Number Method (modified):

Step 1: Determine curve number for each land use and antecedent moisture condition (AMC)
Note: AMC for each storm is determined by the preceding 5-day rainfall (Table B.1)

Step 2: Determine storage (S, inches) for each land use and AMC

_ 1000
~ CN
Step 3: Determine initial abstraction (I, inches) for each land use and AMC
I, =0.28
Step 4: Determine runoff depth (R, inches) from initial abstraction (I,, inches) and rainfall
depth (P, inches)
R=P—-1I,

Step 5: Determine inflow runoff volume from runoff depth (R, inches) and watershed area
(A, acres)

V =RA

Step 6: Convert volume from acre-inches to m’. Values are found on Table B.2.
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Computed Volume Inflow Values

Table B.1: AMC Conditions

5-day preceding rainfall (inches)

AMC  Dormant Season Growing Season
I <0.5 <l4
II 0.5-1.1 14-2.1
111 > 1.1 >2.1

Table B.2: Inflow Volume Calculations

Precipitation Inflow Volume — Inflow Volume —
Date AMC Deprt)h (in) Conventional (m?) LID (m’)
1/11/12 II 0.60 265 303
1/17/12 II 0.24 84 107
1/20/12 II 0.65 300 331
1/27/12 II 0.37 140 176
2/4/12 II 0.45 174 219
2/16/12 II 0.34 127 160
2/19/12 II 0.75 370 388
3/16/12 I 0.22 39 49
3/18/12 I 0.46 141 178
3/19/12 II 0.44 168 212
3/20/12 111 0.45 251 238
3/20/12 111 0.55 324 297
3/23/12 111 0.77 477 436
3/30/12 I 0.21 34 43
4/4/12 I 0.54 175 221
4/5/12 II 0.24 85 108
4/21/12 I 1.21 469 581
4/25/12 I 0.39 112 141
5/9/12 II 0.83 426 434
5/13/12 I 0.24 48 61
5/14/12 I 0.51 162 205
5/27/12 I 0.18 24 30
5/30/12 I 0.58 190 240
6/1/12 I 1.04 385 486
6/11/12 I 0.57 188 237
6/12/12 I 0.55 179 226
6/21/12 I 0.54 175 221
7/1/12 I 0.22 39 49
7/4/12 I 1.45 636 717
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7/10/12
7/20/12
7/21/12
7/28/12
8/6/12
8/8/12
8/10/12
8/11/12
8/19/12
9/16/12
9/29/12
10/7/12
10/8/12
10/28/12
10/29/12
11/13/12
11/15/12
12/18/12

— -

I
I

b e b b

0.75
0.40
3.13
1.18
1.57
1.43
0.76
0.37
1.56
0.50
0.84
0.38
0.47
0.32
0.52
0.21
0.36
0.27

264
117
1814
451
721
847
469
196
714
158
303
106
143
82
166
35
99
60

334
147
1682
567
786
782
429
193
780
200
383
134
181
103
210
44
125
76
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Peak Inflow

Rational Method
Step 1: Determine runoff coefficients (C) for each land use

Step 2: Determine peak inflow (Q,, m’/s) from runoff coefficient (C), rainfall intensity (i,
inches/hour), and watershed area (acres)

_ CiA
P 360

Step 3: Convert Q, from m’/s to L/s. Values are found on Table B.3.
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Computed Peak Inflow Values

Table B.3: Peak Inflow Calculations

Date Precipitation  Rainfall Intensity Peak Inflow — Peak Inflow —
Depth (in) (in/hour) Conventional (L/s) LID (L/s)
3/16/12 0.22 0.69 93.16 101.69
3/18/12 0.46 0.69 93.16 101.69
3/19/12 0.44 2.99 403.67 440.65
3/20/12 0.45 1.61 217.36 237.27
3/20/12 0.55 1.15 155.26 169.48
3/23/12 0.77 0.92 124.21 135.59
3/30/12 0.21 0.23 31.05 33.90
4/4/12 0.54 1.61 217.36 237.27
4/5/12 0.24 0.23 31.05 33.90
4/21/12 1.21 1.81 244.28 266.65
4/25/12 0.39 1.61 217.36 237.27
5/9/12 0.83 5.14 694.43 758.05
5/13/12 0.24 0.23 31.05 33.90
5/14/12 0.51 1.43 192.79 210.45
5/27/12 0.18 2.76 372.62 406.76
5/30/12 0.58 0.46 62.10 67.79
6/1/12 1.04 4.83 652.09 711.82
6/11/12 0.57 1.40 188.46 205.72
6/12/12 0.55 2.75 371.27 405.28
6/21/12 0.54 1.84 248.41 271.17
7/1/12 0.22 2.53 341.57 372.86
7/4/12 1.45 8.51 1148.92 1254.16
7/10/12 0.75 2.50 337.52 368.44
7/20/12 0.40 3.68 496.83 542.34
7/21/12 3.13 8.05 1086.81 1186.37
7/28/12 1.18 7.59 1024.71 1118.58
8/6/12 1.57 5.23 706.54 771.26
8/8/12 1.43 6.62 893.51 975.36
8/10/12 0.76 4.19 565.08 616.84
8/11/12 0.37 1.90 256.90 280.43
8/19/12 1.56 5.02 678.24 740.37
9/16/12 0.50 1.56 210.01 229.25
9/29/12 0.84 1.33 179.63 196.08
10/7/12 0.38 2.44 329.32 359.49
10/8/12 0.47 2.88 389.20 424.85
10/28/12 0.32 0.24 32.00 34.93
10/29/12 0.52 0.41 55.06 60.11
11/13/12 0.21 0.44 59.69 65.16
11/15/12 0.36 0.42 57.18 62.42
12/18/12 0.27 0.27 36.45 39.79
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Appendix C: Pollutant Loading Calculations

Step 1: For each storm event, calculate the mass of pollutant exported from the EMC (mg/L)
and outflow volume (V; m’). Convert mass to kg.

Mass = EMC *V
Step 2: Sum pollutant masses over the monitoring period.

Step 3: Sum rainfall depth monitored over the monitoring period. Determine amount of
rainfall monitored of the year.

Rainfall Monitored

Loading (kg/year) = Z(Mass) * Annual Rainfall

Step 4: Normalize the pollutant loads by watershed area. Loading Data are found in Table
C.1 and Table C.2.

Loading(kg/year)
Watershed area (ha)

Loading(kg/ha/year) =
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Table C.1: Conventional Development Pollutant Loadings

Rainfall TKN TKN TAN TAN NOyNO; NO,+NO; TP TP  Ortho-P  Ortho-P  TSS TSS  Volume

Date Depth (in)  (pg/L) (kg) (ng/L) (kg) (ng/L) (kg) (ngl)  (kg) (ng/L) (kg) (mg/L)  (kg) (ft')
1/12/12 0.60 815.14  0.1039 17252 0.0220  315.84 0.0402 87.87 0.0112 1201  0.0015  15.36 1.96 4499
1/22/12 0.65 47599  0.0659  81.84 00113  170.19 0.0236 50.77 0.0070  8.19 0.0011 8.50 1.18 4887
1/27/12 0.37 1018.89  0.0829  253.42 0.0206  350.18 0.0285  224.64 0.0183 1249  0.0010  62.97 5.12 2872
2/6/12 0.45 561.68  0.0307  128.84 0.0070  338.12 0.0185 4291  0.0023 738 0.0004 3.31 0.18 1930
2/17/12 0.34 824.48  0.0320 377.16 0.0146  229.84 0.0089 53.40 0.0021 1742 0.0007 2.95 0.11 1369
2/20/12 0.75 313.89  0.0316 12546 0.0126  108.34 0.0109 32.62  0.0033  9.19 0.0009 8.76 0.88 3558
4/23/12 1.21 703.39  0.1388  103.48 0.0204  129.12 0.0255 7832 0.0155  3.00 0.0006  33.47 6.60 6967
5/10/12 0.83 52427  0.1004 9831  0.0188  122.76 0.0235 78.51  0.0150  19.68  0.0038  13.27 2.54 6765
5/15/12 0.51 558.74  0.0580  96.93  0.0101 165.92 0.0172 62.43  0.0065 12.85  0.0013  14.04 1.46 3668
6/12/12 0.57 732.06  0.0756  115.10 0.0119  195.48 0.0202 61.80 0.0064 1049  0.0011 3.08 0.32 3645
6/13/12 0.55 46574  0.0621  86.08 0.0115  123.45 0.0165 4582 0.0061 7.8 0.0010  11.40 1.52 4711
7/12/12 0.75 44841  0.0628  84.50 0.0118  348.00 0.0487 36.59  0.0051  3.00 0.0004 8.46 1.18 4945
8/8/12 1.57 49278 02764 4196  0.0235  208.36 0.1169 99.37  0.0557 4444  0.0249 7.98 4.48 19809
8/9/12 1.43 45498  0.1413 6029 0.0187  151.65 0.0471 143.63 0.0446 4358  0.0135 3560  11.05 10965
8/21/12 1.56 259.02  0.1603 6524  0.0404  130.70 0.0809 66.82 0.0414 3590  0.0222 9.94 6.15 21855
9/8/12 0.81 77262 14748 3829  0.0731  202.64 0.3868 90.36 0.1725  3.00 0.0057 2165 4133 67410
10/30/12 0.51 210.89  0.0669  26.57  0.0084 94.30 0.0299 68.78 0.0218  52.19  0.0166 1.90 0.60 11202
11/14/12 0.19 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.00 0
11/16/12 0.34 22954  0.0521  44.43  0.0101 108.03 0.0245  107.07 0.0243  81.63  0.0185 4.23 0.96 8021
12/18/12 0.27 2013.88  0.1200 1306.45 0.0778  600.06 0.0357  506.50 0.0302 44824  0.0267 6.16 0.37 2104

14.26 kg 3.14 0.42 1.00 0.49 0.14 88.00
33.16% kg/year 9.46 1.28 3.03 1.48 0.43 265.34

kg/ha/yr 3.43 0.46 1.10 0.53 0.16 96.14
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Table C.2: LID Pollutant Loadings

Rainfall TKN TKN  TAN TAN NO;#NO; NO,+NO; TP TP  Ortho-P  Ortho-P  TSS TSS  Volume
Date Depth (in)  (ug/L) (kg) (pg/L) (kg (pg/L) (kg) (pg/)  (kg)  (pg/l) (kg) (mg/L)  (kg) (ft))
1/12/12 0.60 665.00  0.0033 217.06 0.0011  246.89 0.0012 5293 0.0003  3.00  0.00002  3.56 0.018 178
1/22/12 0.65 0.01 0.0000  0.01  0.0000 0.01 0.0000 0.01  0.0000  0.01 0.0000 0.01  0.0000 1
1/27/12 0.37 564.73  0.0021 207.92 0.0008  303.88 0.0011 50.98  0.0002 17.09  0.00006 10.87  0.040 130
2/6/12 0.45 852.06  0.0068 260.65 0.0021  582.58 0.0047 53.97 0.0004 1435 0.00011 1047  0.084 282
2/17/12 0.34 688.97  0.0021 341.66 0.0010  292.74 0.0009 4443 0.0001 1639  0.00005  7.62 0.023 108
2/20/12 0.75 47773 0.0046 187.31 0.0018  233.94 0.0023 3043 0.0003  3.00  0.00003  6.18 0.060 340
4/23/12 1.21 511.84  0.0070  97.06 0.0013  225.86 0.0031 62.50  0.0009 17.17  0.00023 1045  0.142 480
5/10/12 0.83 1124.61  0.0033 176.59 0.0005  528.70 0.0016  104.03 0.0003  10.69  0.00003  23.00  0.068 105
5/15/12 0.51 586.77  0.0006 116.52 0.0001  458.62 0.0005 27223 0.0003  19.55  0.00002 11.69  0.012 36
6/12/12 0.57 107526 0.0038  105.77 0.0004  621.90 0.0022 66.85 0.0002  7.70  0.00003  9.18 0.032 125
6/13/12 0.55 490.71  0.0009  81.90 0.0002  311.64 0.0006 43.11  0.0001  10.55  0.00002  6.83 0.013 67
7/12/12 0.75 73751 0.0030  22.18 0.0001  451.38 0.0018 57.80  0.0002  3.00  0.00001 10.93  0.044 142
8/8/12 1.57 583.92  0.0063 5340 0.0006  355.96 0.0038 4239  0.0005  3.00  0.00003 838 0.090 381
8/9/12 1.43 46190  0.0166 56.08 0.0020  183.48 0.0066 68.01 0.0024 1642  0.00059 10.03  0.360 1267
8/21/12 1.56 44495  0.0078 6636 0.0012  315.74 0.0056 9489  0.0017  3.00  0.00005  8.52 0.150 621
9/8/12 0.81 133425 0.0007  733.34 0.0004  157.68 0.0001 35.69  0.0000  3.00  0.00000  5.63 0.003 19
10/30/12 0.51 213.04  0.0020 29.75 0.0003  181.02 0.0017 1922 0.0002 690  0.00006  3.29 0.030 325
11/14/12 0.19 1080.15  0.0025 422.18 0.0010  251.76 0.0006 93.35 0.0002  33.96  0.00008 1022  0.024 83
11/16/12 0.34 405.60 0.002  128.19 0.0007  179.23 0.0009 49.99  0.0003 17.43  0.00009  8.97 0.046 183
12/18/12 0.27 524.90 0.002  163.03 0.0006  348.74 0.0013 36.82  0.0001  3.00  0.00001 12.56  0.046 128
14.26 kg 0.08 0.02 0.04 0.01 0.002 1.29
33.16% kg/year 0.23 0.05 0.12 0.03 0.005 3.88
kg/ha/yr 0.09 0.02 0.05 0.01 0.002 1.53
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Appendix D: SAS Code

Runoff Volume

proc import out= work.volume

datafile= "\\tsclient\Mac HD\Users\Corinne\Desktop\Thesis\Data\SAS/data.xlIs"

DBMS=EXCEL REPLACE;

SHEET="V";

RANGE="A1:V48",;

GETNAMES=YES; run;

data volume;
set volume;
logtradin=log(tradin);
logtradindcia=log(tradindcia);
logtradout = log(tradout);
logtradoutdcia=log(tradoutdcia);
loglidin=log(lidin);
loglidindcia=log(lidindcia);
loglidout = log(lidout);
loglidoutdcia=log(lidoutdcia);
logtradrcoeff=log(tradrcoeft);
loglidrcoeff=log(lidrcoeff);
logindiff = logtradin - loglidin;
logindciadiff = logtradindcia - loglidindcia;
logoutdiff = logtradout - loglidout;
logoutdciadiff = logtradoutdcia - loglidoutdcia;
logreddiff = logtradred - loglidred;
logcoeffdiff = logtradrcoeff - loglidrcoeff;, run;

proc univariate data=volume normal;
var indiff indciadiff outdciadiff reddiff coeffdiff
logindiff logindciadiff logoutdciadiff logreddiff logcoeffdift;

proc reg data=volume;
model logtradout = logtradin; run;

proc glm data=volume;
class season;
model logtradout = logtradin|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model logtradout = logtradin season;
Ismeans season/pdiff; run;

proc reg data=volume;

run;
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model loglidout = loglidin; run;

proc glm data=volume;
class season;
model loglidout = loglidin|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidout = loglidin season;
Ismeans season/pdiff; run;

proc reg data=volume;
model logtradoutdcia = logtradindcia; run;

proc glm data=volume;
class season;
model logtradoutdcia = logtradindcia|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model logtradoutdcia = logtradindcia season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidoutdcia = loglidindcia; run;

proc glm data=volume;
class season;
model loglidoutdcia = loglidindcialseason;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidoutdcia = loglidindcia season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidout = logtradout; run;

proc glm data=volume;
class season;
model loglidout = logtradout|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidout = logtradout season;
Ismeans season/pdiff; run;
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proc reg data=volume;
model loglidin = logtradin; run;

proc glm data=volume;
class season;
model loglidin = logtradin|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidin = logtradin season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidoutdcia = logtradoutdcia; run;

proc glm data=volume;
class season;
model loglidoutdcia = logtradoutdcialseason;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidoutdcia = logtradoutdcia season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidindcia = logtradindcia; run;

proc glm data=volume;
class season;
model loglidindcia = logtradindcialseason;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidindcia = logtradindcia season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidrcoeff = logtradrcoeft; run;

proc glm data=volume;
class season;
model loglidrcoeff = logtradrcoeff|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidrcoeff = logtradrcoeff season;
Ismeans season/pdiff; run;
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proc glm data=volume;
class amc;
model logtradout = logtradinjamc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model logtradout = logtradin amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidout = loglidin;

proc glm data=volume;
class amc;
model loglidout = loglidinjamc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model loglidout = loglidin amc;
Ismeans amc/pdiff;

proc reg data=volume;
model logtradoutdcia = logtradindcia;

proc glm data=volume;
class amc;
model logtradoutdcia = logtradindcialamc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model logtradoutdcia = logtradindcia amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidoutdcia = loglidindcia;

proc glm data=volume;
class amc;
model loglidoutdcia = loglidindciajamc;
Ismeans amc/pdiff;

proc glm data=volume;
class season;
model loglidoutdcia = loglidindcia amc;
Ismeans amc/pdiff;

proc reg data=volume;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;
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model loglidout = logtradout;

proc glm data=volume;
class amc;
model loglidout = logtradout|amc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model loglidout = logtradout amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidin = logtradin;

proc glm data=volume;
class amc;
model loglidin = logtradin|amc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model loglidin = logtradin amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidoutdcia = logtradoutdcia;

proc glm data=volume;
class amc;
model loglidoutdcia = logtradoutdciajamc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model loglidoutdcia = logtradoutdcia amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidindcia = logtradindcia;

proc glm data=volume;
class amc;
model loglidindcia = logtradindciajamc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model loglidindcia = logtradindcia amc;
Ismeans amc/pdiff;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;
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proc reg data=volume;
model loglidrcoeff = logtradrcoefT; run;

proc glm data=volume;
class amc;
model loglidrcoeff = logtradrcoefflamc;
Ismeans amc/pdiff; run;

proc glm data=volume;
class amc;
model loglidrcoeff = logtradrcoeff amc;
Ismeans amc/pdiff; run;
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Peak Discharge

proc import out= work.peak
datafile= "\\tsclient\Mac HD\Users\Corinne\Desktop\Thesis\Data\SAS\data.xIs"
DBMS=EXCEL REPLACE;
SHEET="Qp";
RANGE="A1:Z41";
GETNAMES=YES; run;

data peak;
set peak;
logtradin=log(tradin);
logtradout=log(tradout);
logtradindcia=log(tradindcia);
logtradoutdcia=log(tradoutdcia);
loglidin=log(lidin);
loglidout=log(lidout);
loglidindcia=log(lidindcia);
loglidoutdcia=log(lidoutdcia);
logtradred=log(tradred);
loglidred=log(lidred);
logindiff = logtradin - loglidin;
logoutdiff = logtradout - loglidout;
logoutdciadiff = logtradoutdcia - loglidoutdcia;
logreddiff = lodtradred - loglidred; run;

proc univariate data=peak normal;
var 1 indiff outdciadiff reddiff logindiff logoutdiff logreddiff; run;

proc glm data=peak;
class season;
model i = season;
Ismeans season/pdiff; run;

proc reg data=peak;
model logtradout = logtradin; run;

proc glm data=peak;
class season;
model logtradout = logtradin|season;
Ismeans season/pdiff; run;

proc glm data=peak;
class season;
model logtradout = logtradin season;
Ismeans season/pdiff; run;

proc reg data=peak;
model loglidout = loglidin; run;
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proc glm data=peak;
class season;
model loglidout = loglidin|season;
Ismeans season/pdiff; run;

proc glm data=peak;
class season;
model loglidout = loglidin season;
Ismeans season/pdiff; run;

proc reg data=peak;
model loglidout = logtradout; run;

proc glm data=peak;
class season;
model loglidout = logtradout|season;
Ismeans season/pdiff; run;

proc glm data=peak;
class season;
model loglidout = logtradout season;
Ismeans season/pdiff; run;

proc reg data=peak;
model loglidin = logtradin; run;

proc glm data=peak;
class season;
model loglidin = logtradin|season;
Ismeans season/pdiff; run;

proc glm data=peak;
class season;
model loglidin = logtradin season;
Ismeans season/pdiff; run;

proc reg data=peak;
model loglidoutdcia = logtradoutdcia; run;

proc glm data=peak;
class season;
model loglidoutdcia = logtradoutdcialseason;
Ismeans season/pdiff; run;

proc glm data=peak;
class season;
model loglidoutdcia = logtradoutdcia season;
Ismeans season/pdiff; run;

proc reg data=peak;
model loglidindcia = logtradindcia; run;
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proc glm data=peak;
class season;
model loglidindcia = logtradindcialseason;
Ismeans season/pdiff;

proc glm data=peak;
class season;
model loglidindcia = logtradindcia season;
Ismeans season/pdiff;

proc reg data=peak;
model loglidred = logtradred;

proc glm data=peak;
class season;
model loglidred = logtradred|season;
Ismeans season/pdiff;

proc glm data=peak;
class season;
model loglidred = logtradred season;
Ismeans season/pdiff;

run;

run;

run;

run;

run;
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Water Quality

proc import out= work.wqual
datafile= "\\tsclient\Mac HD\Users\Corinne\Desktop\Thesis\Data\SAS/data.xls"
DBMS=EXCEL REPLACE;
SHEET="WQ";
RANGE="A1:AE21";
GETNAMES=YES; run;

data wqual,
set wqual;
tknconcdiff=tradtknconc-lidtknconc;
nh3nconcdiff=tradnh3nconc-lidnh3nconc;
no23concdiff=tradno23conc-lidno23conc;
opconcdiff=tradopconc-lidopconc;
tssconcdiff=tradtssconc-lidtssconc;
tpconcdiff=tradtpconc-lidtpconc;
tnconcdiff=tradtnconc-lidtnconc;
tknloaddiff=tradtknload-lidtknload;
nh3nloaddiff=tradnh3nload-lidnh3nload;
no23loaddiff=tradno23load-lidno23load;
oploaddiff=tradopload-lidopload,
tssloaddiff=tradtssload-lidtssload;
tploaddiff=tradtpload-lidtpload;
tnloaddiff=tradtnload-lidtnload;
logtradtknconc=log(tradtknconc);
logtradtknload=log(tradtknload);
logtradnh3nconc=log(tradnh3nconc);
logtradnh3nload=log(tradnh3nload);
logtradno23conc=log(tradno23conc);
logtradno23load=log(tradno23load);
logtradopconc=log(tradopconc);
logtradopload=log(tradopload);
logtradtssconc=log(tradtssconc);
logtradtssload=log(tradtssload);
logtradtpconc=log(tradtpconc);
logtradtpload=log(tradtpload);
logtradtnconc=log(tradtnconc);
logtradtnload=log(tradtnload);
loglidtknconc=log(lidtknconc);
loglidtknload=log(lidtknload);
loglidnh3nconc=log(lidnh3nconc);
loglidnh3nload=log(lidnh3nload);
loglidno23conc=log(lidno23conc);
loglidno23load=log(lidno23load);
loglidopconc=log(lidopconc);
loglidopload=log(lidopload);
loglidtssconc=log(lidtssconc);
loglidtssload=log(lidtssload);
loglidtpconc=log(lidtpconc);
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loglidtpload=log(lidtpload);
loglidtnconc=log(lidtnconc);
loglidtnload=log(lidtnload);
logtknconcdiff=logtradtknconc-loglidtknconc;
lognh3nconcdiff=logtradnh3nconc-loglidnh3nconc;
logno23concdiff=logtradno23conc-loglidno23conc;
logopconcdiff=logtradopconc-loglidopconc;
logtssconcdiff=logtradtssconc-loglidtssconc;
logtpconcdiff=logtradtpconc-loglidtpconc;
logtnconcdiff=logtradtnconc-loglidtnconc;
logtknloaddiff=logtradtknload-loglidtknload;
lognh3nloaddiff=logtradnh3nload-loglidnh3nload;
logno23loaddiff=logtradno23load-loglidno23load;
logoploaddiff=logtradopload-loglidopload;
logtssloaddiff=logtradtssload-loglidtssload;
logtploaddiff=logtradtpload-loglidtpload;
logtnloaddiff=logtradtnload-loglidtnload;  run;

proc univariate data=wqual normal;
var tknconediff nh3nconcdiff no23concdiff opconcdiff tssconcdiff tpconcdiff tnconcdiff
tknloaddiff nh3nloaddiff no23loaddiff oploaddiff tssloaddiff tploaddiff tnloaddiff
logtknconcdiff lognh3nconcdiff logopconcdiff logtssconcdiff logtpconcdiff
logtknloaddiff lognh3nloaddiff logno23loaddiff logoploaddiff

logtssloaddiff logtploaddiff logtnloaddiff;  run;

proc reg data=wqual;

model lidtknconc=tradtknconc; run;

proc glm data=wqual;

class season;
model lidtknconc=tradtknconc|season;
Ismeans season /pdiff; run;

proc glm data=wqual;

class season;
model lidtknconc=tradtknconc season;
Ismeans season /pdiff; run;

proc reg data=wqual;

model loglidnh3nconc=logtradnh3nconc;  run;

proc glm data=wqual;

class season;
model loglidnh3nconc=logtradnh3nconc|season;
Ismeans season /pdiff; run;

proc glm data=wqual;

class season;
model loglidnh3nconc=logtradnh3nconc season;
Ismeans season /pdiff; run;
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proc reg data=wqual;
model lidno23conc=tradno23conc;

proc glm data=wqual,
class season;
model lidno23conc=tradno23conc|season;
Ismeans season /pdiff;

proc glm data=wqual,
class season;
model lidno23conc=tradno23conc season;
Ismeans season /pdiff;

proc reg data=wqual;
model loglidopconc=logtradopconc;

proc glm data=wqual,
class season;
model loglidopconc=logtradopconc|season;
Ismeans season /pdiff;

proc glm data=wqual,
class season;
model loglidopconc=logtradopconc season;
Ismeans season /pdift;

proc reg data=wqual;
model lidtssconc=tradtssconc;

proc glm data=wqual,
class season;
model lidtssconc=tradtssconc|season;
Ismeans season /pdiff;

proc glm data=wqual,
class season;
model lidtssconc=tradtssconc season;
Ismeans season /pdiff;

proc reg data=wqual;
model loglidtpconc=logtradtpconc;

proc glm data=wqual,
class season;
model loglidtpconc=logtradtpconc|season;
Ismeans season /pdift;

proc glm data=wqual,
class season;
model loglidtpconc=logtradtpconc season;
Ismeans season /pdiff;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;
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proc reg data=wqual;
model lidtnconc=tradtnconc; run;

proc glm data=wqual,
class season;
model lidtnconc=tradtnconc|season;
Ismeans season /pdiff;

run;

proc glm data=wqual;
class season;
model lidtnconc=tradtnconc season;
Ismeans season /pdiff; run;

proc reg data=wqual;
model loglidtknload=logtradtknload; run;

proc glm data=wqual;
class season;
model loglidtknload=logtradtknload|season;
Ismeans season /pdiff; run;

proc glm data=wqual;
class season;
model loglidtknload=logtradtknload season;
Ismeans season /pdiff; run;

proc reg data=wqual;
model loglidnh3nload=logtradnh3nload; run;

proc glm data=wqual;
class season;
model loglidnh3nload=logtradnh3nload|season;
Ismeans season /pdiff; run;

proc glm data=wqual;
class season;
model loglidnh3nload=logtradnh3nload season;
Ismeans season /pdiff; run;

proc reg data=wqual;
model loglidno23load=logtradno23load; run;

proc glm data=wqual;
class season;
model loglidno23load=logtradno23load|season;
Ismeans season /pdiff; run;

proc glm data=wqual;
class season;
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model loglidno23load=logtradno23load season;

Ismeans season /pdiff;

proc reg data=wqual;
model loglidopload=logtradopload;

proc glm data=wqual,
class season;
model loglidopload=logtradopload|season;
Ismeans season /pdiff;

proc glm data=wqual,
class season;

model loglidopload=logtradopload season;

Ismeans season /pdift;

proc reg data=wqual;
model loglidtssload=logtradtssload;

proc glm data=wqual,
class season;

model loglidtssload=logtradtssload|season;

Ismeans season /pdiff;

proc glm data=wqual,
class season;

model loglidtssload=logtradtssload season;

Ismeans season /pdiff;

proc reg data=wqual;
model loglidtpload=logtradtpload;

proc glm data=wqual,
class season;
model loglidtpload=logtradtpload|season;
Ismeans season /pdiff;

proc glm data=wqual,
class season;
model loglidtpload=logtradtpload season;
Ismeans season /pdift;

proc reg data=wqual;
model loglidtnload=logtradtnload;

proc glm data=wqual,
class season;
model loglidtnload=logtradtnload|season;
Ismeans season /pdift;

proc glm data=wqual,

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;
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class season;
model loglidtnload=logtradtnload season;
Ismeans season /pdiff; run;
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RWH Water Quality

proc import out= work.volume
datafile= "\\tsclient\Mac HD\Users\Corinne\Desktop\Thesis\Data\SAS/data.xIs"
DBMS=EXCEL REPLACE;
SHEET="V";
RANGE="A1:V48",
GETNAMES=YES; run;

data volume;
set volume;
logtradin=log(tradin);
logtradindcia=log(tradindcia);
logtradout = log(tradout);
logtradoutdcia=log(tradoutdcia);
loglidin=log(lidin);
loglidindcia=log(lidindcia);
loglidout = log(lidout);
loglidoutdcia=log(lidoutdcia);
logtradrcoeff=log(tradrcoefY);
loglidrcoeff=log(lidrcoef¥);
logindiff = logtradin - loglidin;
logindciadiff = logtradindcia - loglidindcia;
logoutdiff = logtradout - loglidout;
logoutdciadiff = logtradoutdcia - loglidoutdcia;
logreddiff = logtradred - loglidred;
logcoeftdiff = logtradrcoeff - loglidrcoefT; run;

proc univariate data=volume normal;
var indiff indciadiff outdciadiff reddiff coeffdiff
logindiff logindciadiff logoutdciadiff logreddiff logcoeffdift; run;

proc reg data=volume;
model logtradout = logtradin; run;

proc glm data=volume;
class season;
model logtradout = logtradin|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model logtradout = logtradin season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidout = loglidin; run;

proc glm data=volume;
class season;
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model loglidout = loglidin|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidout = loglidin season;
Ismeans season/pdiff; run;

proc reg data=volume;
model logtradoutdcia = logtradindcia; run;

proc glm data=volume;
class season;
model logtradoutdcia = logtradindcialseason;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model logtradoutdcia = logtradindcia season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidoutdcia = loglidindcia; run;

proc glm data=volume;
class season;
model loglidoutdcia = loglidindcialseason;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidoutdcia = loglidindcia season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidout = logtradout; run;

proc glm data=volume;
class season;
model loglidout = logtradout|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidout = logtradout season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidin = logtradin; run;

proc glm data=volume;
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class season;
model loglidin = logtradin|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidin = logtradin season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidoutdcia = logtradoutdcia; run;

proc glm data=volume;
class season;
model loglidoutdcia = logtradoutdcia|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidoutdcia = logtradoutdcia season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidindcia = logtradindcia; run;

proc glm data=volume;
class season;
model loglidindcia = logtradindcialseason;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidindcia = logtradindcia season;
Ismeans season/pdiff; run;

proc reg data=volume;
model loglidrcoeff = logtradrcoefT; run;

proc glm data=volume;
class season;
model loglidrcoeff = logtradrcoeff|season;
Ismeans season/pdiff; run;

proc glm data=volume;
class season;
model loglidrcoeff = logtradrcoeff season;
Ismeans season/pdiff; run;

proc glm data=volume;
class amc;
model logtradout = logtradinjamc;
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Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model logtradout = logtradin amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidout = loglidin;

proc glm data=volume;
class amc;
model loglidout = loglidin|amc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model loglidout = loglidin amc;
Ismeans amc/pdiff;

proc reg data=volume;
model logtradoutdcia = logtradindcia;

proc glm data=volume;
class amc;
model logtradoutdcia = logtradindcialamc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model logtradoutdcia = logtradindcia amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidoutdcia = loglidindcia;

proc glm data=volume;
class amc;
model loglidoutdcia = loglidindciajamc;
Ismeans amc/pdiff;

proc glm data=volume;
class season;
model loglidoutdcia = loglidindcia amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidout = logtradout;

proc glm data=volume;
class amc;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;
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model loglidout = logtradout|amc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model loglidout = logtradout amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidin = logtradin;

proc glm data=volume;
class amc;
model loglidin = logtradin|amc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model loglidin = logtradin amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidoutdcia = logtradoutdcia;

proc glm data=volume;
class amc;

model loglidoutdcia = logtradoutdciajamc;

Ismeans amc/pdiff;

proc glm data=volume;
class amc;

model loglidoutdcia = logtradoutdcia amc;

Ismeans amc/pdiff;

proc reg data=volume;
model loglidindcia = logtradindcia;

proc glm data=volume;
class amc;
model loglidindcia = logtradindciajamc;
Ismeans amc/pdiff;

proc glm data=volume;
class amc;
model loglidindcia = logtradindcia amc;
Ismeans amc/pdiff;

proc reg data=volume;
model loglidrcoeff = logtradrcoefT;

proc glm data=volume;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;

run;
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class amc;
model loglidrcoeff = logtradrcoefflamc;
Ismeans amc/pdiff; run;

proc glm data=volume;
class amc;
model loglidrcoeff = logtradrcoeff amc;
Ismeans amc/pdiff; run;
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