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Chapter 1

INTRODUCTION

1.1  PURPOSE OF REFORT

The subject land has been identified in the Milton-Ulladulla Structure Flan for urban
use to provide for the future growth of Narrawallee. This study focuses on the land
proposed for rezoning and subsequent residential development. The land drains to
Narrawallee Inlet which has the following sensitive environments:

0 378 hectares of mangroves;
o 14 hectares of seagrasses; and
Q 91 hectares of saltmarsh.

Because of the receiving environment's sensitivity, a comprehensive assessment of
development impacts within the catchment and formulation of effective pollution
control strategies for mitigating impacts is important.

The purpose of this study is to document existing stormwater quality characteristics
and assess potential impacts resulting from residential development. Using this
information, a water pollution control strategy is recommended which aims to
prevent water quality impacts through treatment of runoff.

The assessment is required to address likely water quality issues if the subject land is

developed for residential/ urban purposes and more specifically assess:
"4

o the impact of development on adjacent wetlands and the measures necessary
to mitigate any impacts, including water quality controls and provision of
suitable buffers; and

o the impact of development on adjacent water bodies and the measures

necessary to mitigate any impacts such as water quality controls and
sediment/nutrient controls or structures.

1.2  STUDY AREA

The study area is the land proposed to be rezoned which is part of Lot 4, DP 771597
and part of Portion 14 Parish of Ulladulla. It covers about 29.2 hectares and is
located on a low ridge immediately west of Narrawallee village. The subject land
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was identified in the Shoalhaven Local Environmental Plan, 1985 as a Rural 1(d)
zone. This zoning identifies areas for future urban expansion. More recently, the
land was identified in the Milton-Ulludulla Structure Plan for urban uses. This plan
was published by Shoalhaven City Council in September 1996. The site is
undulating with a minor ridge running through it.

The land is currently vacant. It has been heavily logged in the past and is grassed
and partially vegetated with regrowth. There are freshwater wetlands located along
a creek near the site’s western boundary and to the north of the site. These wetlands
extend approximately 20 to 30 metres into the site. Remains of a disused gravel
quarry are located near the southern boundary.

Residential development adjoins the site to the south and east. A creek line adjoins
the western edge of the site and drains to Narrawallee Inlet. The total catchment of
this unnamed creek is approximately 84.5 hectares. Figure 1 shows the study area
and adjoining freshwater wetland to the north and west as identified in the Milton-
Ulludulla Structure Plan, Estuarine wetlands lie further to the north, on the edge of
Narrawallee Inlet.

The portion of the site to the west of the minor ridge drains to the creek and has an
area of approximately 19.8 hectares. The remainder of the site drains east to
Narrawallee Village.

The Narrawallee Inlet Catchment which contains the site has an area of
approximately 78 square kilometres and is comprised of two main tributaries,
Narrawallee and Croobyar Creeks. These creeks originate in hilly forest country and
then run through farmland before entering the ocean at Narrawallee Inlet. Large
areas of the lower reaches of this system have been classified as State Environment
Planning Policy Number 14 (SEPF No. 14) Wetlands.

»
The estuarine wetlands on the edge of Narrawallee Inlet to the north of the study
area are identified in SEPP No. 14 (wetland No. 287). On review of topographical
information it would appear that the site does not drain directly to this wetland but
rather drains to Narrawallee Inlet to the west. The freshwater wetlands adjacent to,
and within the site are not included in SEFF No. 14.

Given the ecological interactions between the freshwater wetland to the site’s west
and north and the SEPP 14 identified wetland to the north of the site, it is
recommended that a conservative approach to development is taken and that a
pollution control strategy is initiated should development take place. This will serve
to minimise impact on the areas surrounding the SEPF 14 wetland.
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Chapter 2

WATER QUALITY MONITORING

2.1 DATA REVIEW
2.1.1 Background

The first European impact on water quality of the Narrawallee Inlet Catchment was
caused by clearing of land for forestry activities based in a township established at
Milton in late 1828. Farming practices and drainage of swamps beginning in the late
1850s may also have impacted on water quality through acidic drainage high in
aluminium. No testing has been done to confirm this. Continued clearing and
changes to the land associated with agricultural use have continued to impact on
water quality since this time and 50 to 75 per cent of the catchment is now cleared.

2.1.2 Narrawallee Inlet Catchment Water Quality

Water quality testing in the Narrawallee Inlet Catchment has been carried out since
the beginning of 1991 by Shoalhaven City Council for the purpose of developing a
water quality database sufficient to allow assessment of water quality impacts
within the catchment. Sampling is carried out at seven points, the most relevant to
the study area being a point within the Narrawallee Inlet estuary (309). Results at
this point are summarised in Table 2.1.

Appendix A contains a figure showing the Narrawallee and Croobyar Creek
catchments including Council sampling points. Results for the entire catchment
indicate incidents of faecal pollution. The upper reaches of the Narrawallee Inlet
tributaries also experience low dissolved oxygen levels from time to time. The
Narrawallee Inlet estuary sample is however, well flushed by tidal waters and has
excellent water quality especially with regard to nutrient levels.

Water quality results for Narrawallee Inlet generally comply with ANZECC water
quality guidelines for the protection of Aquatic Ecosystems with the exception of one
phosphorus and three nitrogen readings. These results indicate that these are
appropriate target guidelines for sites draining to the inlet given its present water
quality and ewlogmwl significance.
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Table 2.1 NARRAWALLEE INLET WATER QUALITY

DATE Fagcal. Coliform pH DO Phosphorus Nitrogen Ammonia Cond
{counts 100mL) {mgL) {mg/L) {mg/L) (mg/L) {uS/em)

12/02/91 - - 70 - - - 47,000
705791 - 8.1 2.0 0.000 - - 40,000
B/08,/9 2 7.8 7.8 0.000 . - 15,000
19/11/91 100 Fid a2 0.000 B - 45,000
4702792 0 7.0 8.0 - - - 40,000
12/05/92 - s 5.2 = s - 270
270792 ] 75 115 2 - - 25,000
408792 8 Tz, 8.3 4 - - 30,000
19/10/92 48 8.2 69 - - - 28,000
2710/92 100 78 B.& - - - 29.000
3/02/93 204 7.6 5.0 - - - 29,000
21,/04/93 ] Fits] 93 - - - 0
4/01,/94 1] i) 6.7 - - - 32.000
4705 /24 1] 8.7 8.4 0019 0.10 0. 43,000
1/08/94 0 78 74 0.014 0.05 0.01 42,000
11/19/94 0 i ] 5 0.001 012 0.0 43,500
31/01,/95 g 6.6 37 0.010 022 .02 40,000
16/05/95 24 - 13.0 0.018 045 .02 32,000
13/02/%6 4] 1 R { i e - - - 39,000
18/ 04 /26 o a0 111 - - - 31,000
05/08,/96 0 81 79 : . : 32,000
24/09/96 0 81 79 3 . - 34,000
Readings 13 20 2 ] 5 3 19*
MAX 204 g 13 0.019 0.45 0.02 47,000
MIN 0 6.5 6.7 1] 0.05 0.0t 15,000
AVERAGE i 760 BAY 0.00775 0.188 0.014 34,974

Motes: 1. mgfL is abbreviation for milligrams per lifre.

Fod

. lsfom is ubbrmumorrﬁrr micrafeinens por cubunctre,

. DO is abbrenintion for Disselved Oxyge.

Lag

= wxcludes unnsnally forw rendings.
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2.1.3 Desirable Water Quality

Given the sensitive nature of the Narrawallee Inlet wetland environment and good
water quality of the inlet, it is recommended that guidelines given in Table 2.2 be
used for future planning purposes. These guidelines are derived from ANZECC
guidelines for the protection of aquatic ecosystems.

Table 2.2 WATER QUALITY GUIDELINES

PARAMETER Freshwater System Guidelines for Source

Guidelines Estuarine Systems

img/L unless otherwise stated)  {mg/L unless otherwise stated)

Ammonia=N 0.02 ta 0.03 not specified A
Dissolved Oxygen =6 =6 A
BOD; 20 20 D
Chioride 400.0 not specified B
Chromium (Hex.) 0.0 0.03 A
Chromuem (fotal) 0.01 0,03 A
Copper (total) 0.002 to 0.005 0.003 &
Eaecal Coliforms 150 cfu/100mL (median) 150 cfu/ 100mL (median) =
Iran {total) 1.0 not specified A
Mitrate-N 10 0.010-0.1 A
MNitrite- 1.0 0.007-0.01 A
Tatal Nitrogen 0.1t 073 0.01 0 0.1 A
Totul Phosphorus 0.07 ko 0.1 0.005-0.015 A
Total Dissolved Solids 1020 not specified A
Total Grease <15 l.fg,*’L not specified &
Total Kjeldhal Nitrogen not specified not specified no guideline
Total Orgunic Carbon not specified not specified no guideline
Tokbal Phenolics 0.05 0.05 A
Suspended Solids 25 25 o
sSorrcer A AMNZECC (1992} Cuidetines for "The Profection of Agatic Ecosipstems”

B AMNZECC {1992) Cuidelines for " Rute Water for Drinking Water Supply”

LR AMZECC (1992) Guidelings for * Recrentional Water Quality and Aestietics”

o Meze Sandh Wales Clean Wakers Act (1970)

Uil S NN ERIRER B
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2.2  MONITORING PROGRAMME

2.2.1 Methodology

In order to augment Council’s water quality database for the Narrawallee Inlet
Catchment and give a localised indication of the quality of runoff, a wet weather
monitoring programme was devised for the second half of 1996. Grab samples of
surface water were taken from a drainage line before it entered the unnamed
western creek. Due to the small contributing area and good drainage characteristics
of the soil, surface water was only able to be sampled during extreme wet weather.
Samples were tested at a NATA registered laboratory for Total suspended solids,
Total phosphorus, NO,-N (Nitrate and Nitrite) and Total Kjeldahl Nitrogen

including ammonia.

2.2.2 Results

Results of water quality monitoring at the study site are summarised in Table 2.3.

Table 2.3 WATER QUALITY MONITORING RESULTS
Parameter Drate

2/09/96 30/09/%
Rainfall 5.6 (31/8/96) 26.0 (290556
(millimetres per duy) 137.0 ¢1/9/%6) 2.0 (30/05/96)
Total Suspended Solids (mg/Lp +.0 1.0
Total Phosphorus (mg/ L) <0.20 =020
Total Nitrogen? (mg/L} &0 =06
MNO,-N (mg/L) < B0 <0.1
Total Kjeldahl Nitrogen (mg/L} =0.05 <0.5
pH 6.1 6.8
F. Coliform.{counts/ 100 mL) - 120
Dissolved Oxygen (mg/L) 19.0 9.5
Cond.[pS/cm) 00 380

Molkes: Testing for pH, Dissalved Cayger. E Coli and conduciianby comducied by shealhmven ity Courrcl,

. Rainfall data from Milten Shitive Ne. 69016

. g/l abbrevintion fer malligrams per litre

T
2
3. Total Nitrogew is the sume of NOx-M and Total Kgeldal Nitrogen,
4

. pifem abbrevintion for microSenmens poe cenbimedre.

DAL MU EAIBRH teaf
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2.3 DISCUSSION ON WATER QUALITY CONDITIONS
2.3.1 Nutrients

Nutrient parameters, namely nitrate, nitrite and total nitrogen exist in high
concentrations in the sample taken.on the 2 September, 1996. These concentrations
exceed the guidelines given in Tuble 2.2. Other levels were low, Narrawallee Inlet
nitrogen levels reported in Table 2.1 also exceed guidelines given in Table 2.2.
Significant portions of nitrogen concentrates are bound in suspended solids which
may not be readily available for plant growth. The sample taken during very wet
weather contained higher nutrient and suspended solids levels. Commonly during
periods of rain and flooding, greater concentrations of nutrients are present in water
bodies, largely the result of increased erosion and sedimentation, and an increase in
urban runoff (ANZECC, 1992).

High concentrations of dissolved nutrients create the potential for algal blooms and
damage to the natural aquatic ecosystem.
2.3.2 Suspended Solids

Suspended solids concentrations were relatively low for both samples.
Concentrations were greater for the sample taken during the larger rainfall event.
The likely source of solids is erosion and scouring. However, low levels indicate that
vegetation on site is currently stabilising soils and preventing erosion and sediment
run off.

2.3.3 pH

The levels of pH in the samples aré a little acidic. This can be expected from fresh
runoff from well vegetated areas. Levels are well within acceptable criteria.

2.3.4 Faecal Coliform

The measured Faecal Coliform level was within guideline limits.

2.3.5 Dissolved Oxygen

Dissolved oxygen levels for both dates are high, indicative of freshly fallen rain. The
reading of 9.5 milligrams per litre is considered to be a typical level and satisfies
guidelines.

BRAM OSITCHELL MO T TER
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2.3.6  Conductivity

Used as a indicator for salinity, the conductivity levels recorded are within guideline
limits by rule of thumb comparison with Total Dissolved Solids.

2.3.7 Conclusions

Monitoring of surface runoff from the site indicates that water quality leaving the
site is of good quality and generally suitable for discharge to the Narrawallee Inlet
environment. Water Quality guidelines set in Section 2.2.2 are met for the recorded
parameters except for nitrogen which was exceeded in study site sampling and
sampling conducted by Shoalhaven City Council in Narrawallee Inlet.

The fact that very high rainfall was needed to produce a surface flow able to be
sampled shows that the site’s soil and subsoil has high permeability. Sealing of
portions of the site during urban development has the potential to increase runoff
volumes.

Overall, the results indicate that by maintaining the existing water quality leaving
the site, there would be minimal impact on Narrawallee Inlet. This of course
assumes good water quality is maintained through good management practice
throughout the catchment.

Effective maintenance of high water quality from the study site will be of negligible
consequence if water quality is allowed to degrade throughout the rest of the
catchment. It is important that the effect of rural practices on water quality is
controlled to the same level of urban development so that pollution control is
effective within the Narrawallee Inlet Catchment as a whole.

=
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Chapter 3

WATER QUALITY MODELLING

31 WATER QUALITY ASSESSMENT

3.1.1 Owverview of AQUALM

To evaluate potential urban development impacts on the catchment, the AQUALM
water quality model was used.

AQUALM has modules with the following capabilities:
Q catchment rainfall and runoff water balance simulation; and
Q assessment of non-point source pollutants generated from a catchment.

Both these modules have parameters which allows AQUALM to be calibrated to
conditions prevailing in the local catchment. Other inputs into the model include
catchment areas, land-uses, rainfall and evaporation data. AQUALM also allows
incorporation and performance assessment of water pollution controls such as gross
pollutant traps and Water Pollution Control Ponds (WQCPs).

3.1.2 Model Setup

o~

The model was initially set up to simulate runoff originating from the site in its
present condition. Throughout the report this is referred to as ‘rural’. The model
was then adjusted to simulate 40 and 60 per cent urban development of the total area
draining to the western creek line, representing areas of 7.9 and 11.9 hectares
respectively. These proportions of development are based on the concept plan for
development of the site presented in the application for rezoning by Cowman
Stoddard Pty Lty. Forty per cent is used as an indicative proportion if pavement
areas are minimised and nature strips are carefully designed, while 60 per cent is a
conservatve estimate for a subdivision included large paved areas, small lot sizes
and some dual occupancy lots.

The model was also used to simulate the area draining east to the Leo Drive
subdivision, representing a total area of 9.4 hectares of which 6.6 hectares has been
simulated as urbanised on the basis of the concept development plan,

ERM MITCHELL McCOTTER
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3.1.3 Rainfall Runoff Parameters

The rainfall-runoff module is based on the Broughton moisture balance model,
incorporating the processes of interception moisture stores such as
evapotranspiration, a drainage store, an upper soil store and a deep storage. The
model uses a daily rainfall time step.

No streamflow gauging data is available for model calibration. Therefore, rainfall-
runoff parameters for catchments for the Sydney-Illawarra region developed by
Sydney Water were used (Sydney Water Board, 1992). Infiltration and soil water
store data was based on typical values for the sandy, highly permeable alluvial soil
present at the site. Moisture store information used is presented in Table 3.1,

Table 3.1 SOIL MOISTURE STORES

Store Capacity (millimetres) Initial {millimetres)
Urban © Rural Urban Rural
Interception 5.0 20 0.0 0.0
Drainage 300 40.0 0.0 0.0
Upper soil 65.0 80.0 40.0 63.0

3.1.4 Pollutant Export Parameters

For the development size, ‘Water Quality Assessment Guidelines for New Urban
Developments in the Hlawarra’ (lllawarra Integrated Approvals Team, 1997)
recommends the preferred modelling approach to assess the pollutant loads from a
storm event or on a daily basis. It recommends that the number of monitoring
samples for calibration be at least six events to account for a range of flows, for
seasonal influences and variability in concentrations. This level of detail of
monitoring samples was not available for this study.

However, a limited form of model calibration of pollutant export parameters for
rural conditions was undertaken using results from the water quality menitoring
collected from the site on two occasions during 1996. Coefficients of runoff-pollutant
export correlations from studies on unsewered rural Sydney- Iﬂwwarra catchments
(Sydney Water Board, 1992) were adjusted in this process.

For example the general form of the export equation for total phosphorus under
rural conditions (in kilogram per square kilometre) is aR%57; where 'R” is daily rainfall
in millimetres and ‘@’ is a calibration coefficient.

ERM MITCHELL MeCOTTER
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Water quality monitoring for total phosphorus has been collected at both
Narrawallee Inlet and at the site. The conductivity at the site has been recorded as
600 microSiemens per centimetre which represents fresh-water conditions. The
average conductivity at Narrawallee Inlet has been recorded as 35,000 microSiemens
per centimetre which indicates that the majority of the estuary water is from ocean
water inflow. Tidal flushing mixes catchment runoff with estuary water which then
discharges to the ocean with the tidal cycle. Consequently only the monitoring
results for the site are representative of total phosphorus concentrations within local
runoff.

The imprecise measure of total phosphorus concentration of monitoring samples
taken at the site (less than 0.2 milligrams per litre) reduces the potential for an
accurate calibration of the pollutant export coefficient. The following coefficients for
total phosphorus export equation were considered:

o 0.016 for bushland conditions as used by Sydney Water Board (1992);

0 0.062 for rural conditions as used by Sydney Water Board (1992);

o 0.115 for rural conditions as used by Willing and Partners and Lawrence in
the ACT and NSW for Lake Ginninderra, Tuggeranong, Albury and
Merimbula; and

0 0.089 based on the mean value between that used by Sydney Water Board

and that used by Willing and Partners.

As part of this limited calibration of pollutant export parameters, the AQUALM was
simulated for daily rainfall data from Milton from 1st of January 1996 to the 31st
December 1996, and from 1st of January 1995 to the 31st December 1995. Simulation
results were compared with water quality results from the monitoring prograrme at
the study site, and are summarised in Table 3.2 for Total FPhosphorus for equation
coefficients 0.016 and 0.089. Wet weather was taken as days when the daily runoff
from the site predicted by AQUALM reached or exceed 0.10 megalitres.

ERM MITCHELL McCOTTER
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Table 3.2 CALIBRATION OF TOTAL PHOSPHORUS EXPORT

Date Concentration (mg/1)
Monitored Simulated by AQUALM

Export Equation 0.016 R'}'i7 0.08% RM?
31.08.95 0.002 0.012
0l.09.9a 0.008 0.044
02.09.98 < [,200 0.010 0056
30.09.96 < [,200 0.032 0180
et Weather 1335

25th Percentile 0.010 0.0158

50th Percentile 0.013 0.055

75th Percentile 0.017 0.071
It Weather 1096

25th Percentile 0.010 0.055

50th Percentile 0.015 (.083

75th Percentile 0.018 0.100

Table 3.2 shows that the pollutant export coefficient 0.089 is acceptable based on the
monitored concentration of total phosphorus. Consequently this value was adopted
for this assessment. Table 3.3 shows the pollutant export relationships adopted.

Table 3.3 RUNOFF-POLLUTANT EXPORT CORRELATIONS

Pollutant Export Rate kg/km?
Urban Rural
Total Phespherus 0.202 R™ 0.089 R"¥
Total Nitrogen 2.5 R .45 2
Total Ejeldahl MNitrogen 1 Ros 0.04 R13
Suspended solids 42.2 R 2.5 R

Metes: B = rungff mullimetres per day
.Irg,-'].'m: = kilograms per square Eilometre

ERM MITCHELL McCOTTER
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3.1.5 Simulation Results

The AQUALM model was simulated for daily rainfall data from Milton from 1st of
January 1996 to the 31st December 1996, This twelve month period had a total
rainfall of 921 millimetres which is less than the average annual rainfall of 1,269
millimetres. An additional twelve month period of daily rainfall data from 1st of
January 1995 to the 31st December 1995 was also simulated with a total rainfall of
1,211 millimetres, close to the annual average.

Monthly simulation results are reproduced in Appendix A. Graphical
representation of pollutant concentrations is included as Appendix B. Summaries of
pollutant load results are given in Table 3.4 and Table 3.5.

Table 3.4 SIMULATION RESULTS (WESTERN DRAINING)

Parameter 19495 1996

Rural 40 % Urban 60% Urban Rural 40% Urban 60 % Urban

Rainfall {millimetres} 1,192.8 1,19258 1,192.3 910.3 910.8 010.8
Runoff {megalitres) 67.1 a0.9 87.9 49.7 574 61.3
BODs (kilograms) 15 200 300 11 140 200
Suspended solids (kilograms) 200 1,700 2,400 160 1,200 1,700
Total Kjeldahl nitrogen (kilograms) 4.6 35 50 5 23 33
Total nitrogen (kilograms) 51 110 140 56 85 99
Total phasphorus (kilograms) 44 1 15 a0 75 97

Table 3.5 SIMULATION RESULTS (EASTERN DRAINING)

Parameter 1995 1996

Rural Urban Raural Urban
Rainfall {millimetres) 1,192.8 1192.3 910.8 9108
Runoff {megalitres) 31.9 434 2356 205
BODs (kilograms) 7 160 54 110
Suspended solids (kilograms) 93 1,300 76 910
Total Kjeldahl nitrogen (kilograms) 2 e 2 18
Total nitrogen (kilograms) 4 74 26 51
Total phosphorus (kilograms) 21 8.0 1.4 5.2

ERM MITCHELL McCOQTTER
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These predictions suggest that residential development would increase pollutant
loads leaving the site over present conditions. Pollutant concentrations during storm
events are also predicted to increase. Concentrations are represented graphically in
Appendix B and a summary of results for the western draining simulation is
contained in Table 3.6 and Table 3.7

Table 3.6 1995 POLLUTANT CONCENTRATIONS (milligrams per litre)

Parameter Maximum Discharge Concentration MNo. Exceedances per vear!
Ruoral  40% Urban &0 % Urban Rural 40 % Urban &0 % Urban
Suspended solids 362 37.00 37T 0 21 3z
Total nitrogen 1.37 2.5 2.76 i majority of majority of
avents events
Total phesphorus 0.54 0.59 .64 0 majority of majority of
events events

Motes: 1. Based on guidelines from Table 2.2,

Table 3.7 1996 POLLUTANT CONCENTRATIONS (milligrams per litre)

Parameter Maximum Discharge Concentration No. Exceedances per year?
Rural  40% Urban 60 % Urban Rural 40 % Urban 60 % Urban
Suspended solids 3.98 36.29 3744 0 24 25
Taotal nitrogen 1.81 342 4.00 0 majority of majority of
events events
#
Tatal phosphorus 086 0.69 0.68 3 majority of majority of
events events

MNotes: 1. Based on guidelines from Table 2.2,

Simulation results indicate that urban development would increase both runoff
volume and pollutant loads discharged from the site over those predicted for current
conditions. Predicted 1996 pollutant concentrations compare well with those
recorded in water quality monitoring of the site.

ERM MITCHELL MecTOTTER
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3.2 POLLUTION CONTROL STRATEGY

To minimise the impact of development on Narrawallee Inlet water quality it is
recommended that a pollution conirol strategy be developed. The recommended
strategy is outlined in the following sections.

3.2.1 Strategy Development

The following steps-should be adopted in the development of stormwater treatment
ImMeasures:

o define the site specific objectives for the design, including water quality
requirements of downstream receiving waters;

Q define existing conditions at the site and of downstream receiving waters;

Q define design parameters for optimum performance, considering the required
level of water quality control;

Q identify site constraints which may compromise optimum design parameters
to achieve a balanced environmental outcome that is cost effective from a
capital and operations/ maintenance perspective;

] evaluate tradeoffs between site constraints and optimum performance and
develop final design parameters;

o evaluate the design; and
o develop operations, maintenance and monitoring plans.

Previous sections of this study have identified water quality goals and existing site
and downstream conditions. The following sections identify design parameters and
site constraints, and recommend appropriate control measures.

3.2.2 Water Quality Control Pond
I General Fenfures

Trials to assess inclusion of a Water Quality Control Pond (WQCPF) were performed
using pond design principles developed by the Department of Housing (Soil and
Water Management for Urban Development, 1993). More detailed design was
derived from Cullen (1992) and Phillips (1992). An indicative unit pond size is 250
to 350 cubic metres per hectare of urban land (Phillips, 1992). Pond options have the
following common features:
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ii.

sediment basin prior to open water zone to reduce sediment load and remove
litter and larger grit particles;

macrophyte zone 0.3 to 0.6 metres deep, covering approximately 30 per cent
of the pond surface area. Macrophytes are large aquatic plants which filter
finer particles and take up nutrients and other pollutants such as some
organic chemicals. Some oil is also trapped. Continued maintenance of
macrophyte zones is required to maintain a viable bed and encourage the
growth of emergent macrophytes; and

open water zone approximately 2.5 metres deep. This is a deeper zone that
allows time for fine particles to flocculate to the bed, and allows sunlight to
kill bacteria. Decomposition of organic matter will occur in this zone.
Periodic algal growth also traps dissolved nutrients.

Performance

The original AQUALM model for the site was adjusted to simulate pollution
mitigation via suitably sized water pollution control ponds. A number of different
pond sizes were trialed in an attempt to optimise pond size and achieve the most
effective pollutant reduction within site constraints.

Ponds used in the simulations are summarised in Table 3.8.

Table 3.8 WQCP OPTIONS

Pond Maximum Depth Surface Area Volume?
{metres) {square metres} {cubic metres)
1 25 . 2,500 5,900
2 25 3170 6,600
3 25 3,990 8,320
& 25 4,560 9,500
Motes: 1. 20 per cent added for sedimentakion zene,

The performance of each pond was simulated for both western draining
development scenarios. Total phosphorus retention, total nitrogen retention and
suspended solids retention for macrophyte systems was referenced from the
Department of Land and Water Conservation (in press) as outlined by the EPA
(1996). Adopted retention relationships are provided in Table 3.9.

EEM MITCHELL McCOTTER

i1 NOVEMBER 1997 3.8



Table 3.9 RETENTION RELATIONSHIPS FOR WQCP

Retention time (days) Percentage of Pollutant Retained
Suspended Solids Total Phosphorus Total Nifrogen

0.5 10 10
1 3

5 20 30 20
10 a9 23 a9
15 42 40 42
20 46 45 46
25 49 ad 49
30 o1 35 51
35 53 &0 =3
40 35 65 55
45 _ 57 57
50 &l &0
100 80

Results are summarised in Table 3.10 and Table 3.11 and full data outputs are
included as Appendix C.

Table 3.10 WQCP SMULATICE“J RESULTS FOR 40 PER CENT DEVELOPMENT

Parameter Pollutant Export (kilograms per year)!
Existing Developed Pond 1 Pond 2 Pond 3 Pond 4
Runoff 67.11 80.89 76,74 76.31 75.10 74.31
Susp. Solids 200 1,700 210 200 170 170
Total nitr. 51 110 &0 58 52 48
Total phos. 44 11.0 5.8 5.6 4.9 4.6

Motes: 1. except for runoffuhich is rr:;:gm'itres per \ear

ERM MITCHELL MeCOTTER

ce0a| ) MOVEMBER 1997 3.9



Table 3.11 WQCP SIMULATION RESULTS FOR 60 PER CENT DEVELOPMENT

Parameter Pollutant Export (kilograms per year}!
Existing Deveiloped Pond1 Pond 2 Pond 3 Pond 4
Runoff 67.11 a7.87 83.72 83.28 8206 51.27
Susp. Solids 200 2,400 320 310 260 250
Total nitr. - 140 77 74 a7 63
Total phos, 4.4 15 50 77 6.9 B4

Motes: 1. except for runeff whicl is megalitres per year

ii. Recommended Configuration

Simulation results indicate that the ponds achieve substantial pollutant reductions.
However, these reductions are not sufficient to reduce levels to predevelopment
loads. As a result of the high removal efficiency and the extreme retention period
(approximately 40 days for 80 per cent phosphorus removal) needed, a pond with an
extremely large volume would be required to reproduce predevelopment pollutant
loads. Area constraints make this impractical and it is considered that Pond 3
represents a balance between surface area required and removal efficiency provided.
Pond 3 removal efficiencies are as follows:

a suspended solids 89 per cent;

o total nitrogen 52 per cent; and
oy

o total phosphorus 57 per cent.

On this basis it is recommended that should development proceed a WQCP with the
general characteristics of Pond 3 be used as part of the site’s water pollution control
strategy. This pond achieves significant pollutant reduction for those parameters
simulated, while not having an excessive demand for land area.

It should be noted that the WQCP does not achieve sufficient pollutant removal to
return pollutant export to predicted existing levels. An increase in annual pollutant
load is predicted for both development scenarios. It is important to note that this
increase will not necessarily correspond to higher instantaneous concentrations as
the runoff volume is also increased. The further control measures recommended are
expected to achieve additional pollutant reduction and therefore it is expected that
Pond 3 in conjunction with these measures and careful urban design can reduce
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pollutant loads such that there will be no impact on MNarrawallee Inlet water quality
as a result of the development of the site.

3.2.3 Other Control Measures

Control measures to compliment the recommended WQCP are detailed below.

i Riparian Euffer

Much of a stream’s sediment load, particularly at high flows, can result from bank
erosion. Riparian vegetation is important in maintaining channel and streambank
stability. Suspended solids concentrations increase quickly during storm events
when riparian vegetation is absent. By comparison, levels of suspended solids
increase at a slower rate in more stable channels. The normal width of streamside
vegetation is five to ten metres but the maximum benefits of a riparian buffer are
achieved at widths of 20 to 30 metres (Department of Conservation and
Environment, 1990). The creek along the western boundary of the site is an integral
part of the freshwater wetland environment of that area, meaning that wetland
vegetation extends further from the creek’s banks. Consequently, riparian buffers
within 50 metres of the western creek boundary are recommended as shown in
Figure 2. The buffer is conservative given the flow expected in the creek and
represents a slightly larger area than that specified in Kevin Mills preliminary flora
and fauna assessment (Mills and Associates, 1994) which recommended a 30 metre
buffer area. This area should not be disturbed and native riparian vegetation should
be encouraged to grow, providing the following characteristics:

] additional treatment of shallow overland flow;
o reduction of runoff volumes and delay runoff; and
= additional removal of particulate matter and associated pollution.

i. Level Spreader

A level spreader would be situated at the outlet of the WQCP to spread the flow
such that it proceeds into the riparian buffer as sheet flow with non-erosive
velocities.
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fii. Reduced Runoff

Runoff volumes from an urban development can be reduced by reducing impervious
surface areas. Measures include:

o use of relatively porous brick pavers on footpaths in preference to concrete;
o limiting residential road widths to a maximum of 6.5 to 7 metres;
0 paved footpaths not exceeding 1.5 metres width;

o native tree lined grassed verges should be provided adjacent to footpaths;
and

0 no more than 50 per cent of each lot area should be covered by impervious
areas (including buildings, driveways and car parks).

3.2.4 Strategy Details

Main components of the recommended water pollution control strategy are shown
in Figure 2. The figure shows the riparian buffer area and approximate dimensions
and placement of the WQCP. The required open water zone can only be achieved by
using steeper than ideal gradients on the eastern and western banks. Final
recommended dimensions of the pond are summarised in Table 3.12.

Table 3.12 WQCP DETAILS

Characteristic - Dimension

Length (including sedimentation zone) 130 metres

Open water zone width 30 metres

Open Water Zone depth 2.5 metres

Southern bank slope 5 horizontal to 1 vertical
Morthern bank slope 5 horizental to 1 vertical
Eastern and western bank slopes 3 horizontal to 1 vertical
Sedimentation zone volume 1,600 cubic metres

Due to the grade of the site and potential for erosion, stormwater should be directed
to the WQCF by concrete culverts and piped drainage. The pond should outlet to
the riparian buffer via a level spreader.
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In constructing the pond an exposed bank will be formed on the eastern side. This
bank should be vegetated with the same riparian vegetation located near the creek
making the pond a naturally attractive feature of the development.

3.2.5 Alfernatives

The use of two ponds to treat westward draining runoff in preference to a single
dam may be possible. This has advantages in allowing staged subdivision
development. A concept design is shown in Figure 3. This strategy would however,
be more expensive in terms of construction and maintenance and require more land
area as each pond would need separate sedimentation zones, pipework and
infrastructure.

Another alternative is to locate the WQCP outside the study area, again with the
advantage of not impinging on the area available for subdivision. This option is
possible, however the pond must not be located within the riparian buffer and it is
questionable whether there is sufficient area to the west or north of the site to allow
placement and construction of the pond without impacting on the freshwater
wetlands.

3.2.6 Eastern Runoff Strategy

Eastward runoff volumes and quality have been estimated. Should development
take place, eastward runoff from the site would enter the stormwater drainage
system of the urban area to the east which is presumed to drain to Garrods lagoon.
The most practical way of treating this water is as combined urban runoff with the
other developed areas. It is not known whether stormwater from these areas receive
any treatment. The developer “may be responsible for contributing towards
treatment on a runoff proportionality basis.

3.2.7 Monitoring and Maintenance

It is important that the pond does not cause environmental problems. Maintenance
is required to prevent the ponds contributing to mosquito or other insect problems.
Careful design and management is also required to prevent odours caused by
eutrophication or excessive macrophyte growth. A typical pond configuration is
shown in Figure 4.
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Figure 4 WQCP CONFIGURATION

Mosquito problems can be avoided through good design. Many WQCPs have been
established in residential areas without mosquitos causing problems. Design
considerations to minimise mosquito problems include:

! minimising sections of water isolated from the main water body;

=] efficient drainage of overflow channels to ensure isolated ponds are not left
following overflow;

a minimising shading by trees; and

= minimising turbidity to enhance predation.

A proposed monitoring and maintenance programme is summarised in Table 3.13.
The actions are usually performed by Council staff or contractors approved by
Council. Inspection is usually carried out by an environmental officer.
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Table 3.13 WQCP MONITORING AND MAINTENANCE PROGRAMME
Action Timing

Weed removal and mowing if required fortnightly

Inspection for edour and mosquito breeding monthly

sediment removal six-monthly

macrophyte cropping six-monthly

inspection of: six-monthly

structural integrity; )
subsidence;

cracking or tree growth on embankments;
outlet performance;

upstream and downsiream erosion;
emergency spillway condition; and

performan:e of pretreatment measures.
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Chapter 4

CONCLUSIONS

The study has shown that the general water quality of the Narrawallee Inlet
catchment is good and surface water currently leaving the site is also of relatively
quality and suitable for discharge to the Narrawallee Inlet environment although
elevated nitrogen levels were identified in both the site’s runoff and Narrawallee
Inlet. By maintaining this water quality no increase in impact on the environment of
Narrawallee Inlet and its surrounds can be expected as a result of stormwater
discharge from the study site.

Water quality simulation using AQUALM indicates that existing pollutant levels
and runoff volumes would be substantially increased by urban development of the
site. These estimates are based on conservative estimates for pollutant export and
runoff generation. The recommended WQCP pond configuration has been shown
by simulation to provide excellent pollutant retention capability while not placing a
large demand on land area. The pond does not however, return pollutant loads to
estimated predevelopment levels. It is expected however, that in conjunction with
other measures recommended pollutant loads will approximate estimated
predevelopment loads.

On the basis of this study the urban development of the site is considered to be
achievable from the point of view of surface water quality impacts. Provided the
development is carefully designed and planned, water quality impacts on the
adjoining freshwater wetlands can’ be minimised. It is however, recommended that
a monitoring programme be implemented before, during and after development to
identify any impacts on the wetlands and allow appropriate action to be taken.

Prior to this, it should be confirmed that no drainage from the site enters the SEPP 14
wetland to the north (Figure 1). A ‘walk-through’ of drainage lines in the area is
recommended. If the site does drain to the SEFP 14 wetland, the proposal may be
considered a designated development under the Environmental Planning and
Assessment Act, 1979 in which case an environmental impact statement would be
required.
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AUALM Version : 2.1; June 1995
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RQUALM Version : 2.1; June 1995
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EC B 2.4 20 F. 62 1.6 0.27
atal 57 .4 1.4E4+002 1.2E+003 23 85 T



3QUALM Version : 2.1; Juns 1995

Input File : C:\WPS\AQUALMXP\narrala.dat
Jutput File : C:\WPS\AQUALMXP\narraZc.out

innual Report for Node "NARURB11.9", 31/12/1356 1.8 ha  URBAR”

fonth Rain Funoff Eoﬁ S5 THEI TN TP

rmm M1 Kg Kg Kg Kg K
JAN 70.86 2 B0 12 54 2.5 S o.81
FER 20.8 0. ES5 2.7 22 Q.78 ; Q.27
MAR 13.3 0.45 1.4 15 &.55 1.4 0.2
AFR 1286 10.25 27 IE+002 5.4 15 1.6
MAY 126.6 13.28 31 2.5E+002 5 15 Tl s
JUN il L T2 T 10 8% Aol 5.6 (e fd
JUL 43.7 L4580 Bl 41 Lol 3 0.42
AUG 204 .8 AT 71 &5.8%E+002 EuY 33 2
SEP 42.86 3.44 10 84 e & 075
oCT &327 Q.88 25 24 0.E68 1.8 .27
MOV 05,8 F.B3 i 1.3E+002 2.8 T 0.88
DEC T3 0.325 3.6 29 93 2.4 0.34
‘otal 210.8 61.33 2E+002 1.7E+003 33 g 5] 95T

?otal Runcff and Pecllutant Loads

fonth Runoff EOD 55 TEN TH TP
M1 Kg Kg Ko Kg Koy
JAN 2.9 12 94 2.5 6.3 0.81
FEB 0.652 B 22 0.76 1.9 O3
MAR 0.448 1.8 15 0.55 1.4 0.2 5
ATPR 10.2 37 AE+002 5.4 15 1.6 :
MAY 10.3 31 2.5E+00% 5 15 1.5
JUN 3.07 10 85 g 5.6 0.73
JUL 148 5.1 .41 3 3 0.42
AUG A% .9 71 5.9E+002 s a3 2
SEP 3.44 10 g4 g 5 0.75
Cop 0.888 2.9 24 0.69 1.8 0.27
NOWV 3.83 16 1.3E+002 2.8 7.2 0.88
DEC 0.954 3.6 29 0.93 2.4 0.34
otal 61.3 2E+002 1.7E+003 33 99 9.7



Jep,
QUALM Version : 2.1; June 1935

nput File : C:\WPS\AQUALMXP\narrala.dat
utput File : C:\WPS\AQUALMXP\narrala.out

onth Rain Runoff BCD 38 TEN TN TP
M ML kg Kag Kg Kg Kg

JAN 159.4 4.49 1 14 0.38 4.3 0.22
FERB 952 0.40 0.093 0.84 0.0094 0.11 0.079
MAR 105.2 300 0.47 5.1 0.088 0.97 0.19
LPR 18.7 0.26 0.06 0.52 0.0053 0.059 0.064
Mﬁf 218.8 .17 2l 239 0.81 W 0.35
g 95.8 6.14 T4 18 0.41 1.8 I
JUL g 0.44 0.1 0.93 0.01 0.12 0.088
AUG 40.9 §.12 0.027 0.22 0.0019 0.021 0.04
SEP 126.8 138 0.3 3.3 0.055 0.62 0.13
oCcT 104 .7 2.04 0.47 5.3 0.032 1 0.18
NOV 164.7 4.27 0.98 13 Q.27 3 0.26
DEC 76.4 g 0 0.27 2.9 0.047 0.53 0.13
otal 11%2.8 31.86 7.3 93 z, 2 24 i

otal Runcff and Pollutant Loads

onth Runcoff BCOD 58 TEN ™ TF
M1 Kg Kg Kg Kg Kg

JAN 4.49 1 14 038 4.3 0.22
FEB 0.404 0.093 0.84 0D.0C94 0511 g.079
Mﬁg 2.028 0.47 = Fe 0.08¢g 9.97 i S
0.262 0.06 0.52 0.0053 0.059 0.084

MAEY S.17 2.1 g 6.81 2 o 0.36
JUMN £.14 1.4 18 0.41 4.6 0.33
JUL 0,443 3.1 0.93 .01 0.12 0,086
BUG 0,118 0.027 0.22 0.0019 0.021 0.04
SEF 1. 327 0.3 i S 0.085 0.62 B.13
e 2.04 0.47 B 0.052 L 0.18
NV 4 .27 0.98 12 8 N 3 0.28
DEC b 1 o 0.27 2.5 0.647 .53 323

otal i e TS 83 2 24 2ol



RQUALM Version : 2.1; June 1935

Input File : C:\WPS\AQUALMXP\narrala.dat
Jutput File C: \WPS\AQUALMXP\narra3b.out

vMonth Rain Runcff BOD SS TEN TN TP
mm M1 Kg Kg Kg Kg Kg
JALT 159.4 7.78 31 2.5E+002 4.6 13 1.3
FEB Tl 128 h.B 44 1.2 2.5 0.38
MAR 105, 2 4.33 18 1.4E+002 3.1 8.1 .83
APR £ 0.26 0.838 i R 0.26 .55 0.1
MAY 21B8.8 10.25 27 JE+002 = o le 2 N -
JUN Bh B 6.00 20 1.7E+002 3.4 2.5 ik
JUL 5.2 0.23 0.8 B:ch 0.24 0.63 £
AUG 40.9 0.49 2.2 17 0,49 L..d D.16
SEF 12€.8 2.40 9.6 78 T 4,3 LYo Bl
CCT 104.7 2.49 ol 74 LY 4.4 0.53
MOV 164.7 551 20 1.7E+002 3.4 S 1
DEC Te .4 2.2% 9.3 75 L 4.3 0.51
l'octal 1194.8 23.37 1.6E+D02 1.3E+003 259 74 8

'otal Runoff and Pollutant Loads

donth Buncff BEOD g8 TEN N TF
M1 Kg Kg Kg Kg g
JAN 7.78 31 2.5E+002 4.6 13 1.3
FEBE 126 5.5 44 1.2 g L 0.38
MAR 4,32 18 1.4E+0Q02 e 8.k ¥93 i
APR 0.258 0.88 A 0.2Z8 0.65 &0, -
MAY 10.3 a7 IE+002 5.5 16 1.6
JUN & 20 1.7E+Q02 3.4 8.5 ik
JUL 0.294 0.8 6.5 0.24 0.63 2.1
AU 0.489 2,2 17 0.4% el B 0.16
SEP 2.4 9.6 78 1.7 4.3 0.51
oCT 2.49 91 T LiahF 4.4 0.%3
NOV e 20 1.7E+002 3.4 952 1
DEC 2.29 9.3 75 T 4.3 0.51
loktal 43 .4 1.6E+002 1.3E+003 27 74 a2



Y

JUALM Version : 2.1; June 19%%

nput File : C:\WPSM\AQUALMXP\narrala.dat
utput File : C:\WPS\AQUALMXP\narradib.out

snth Rain Funoff BOD 55 THEN ™ TF
mm M1l Kg Kg Kg Kg Kg

JAN 70.6 0.58 0.13 1.3 G.015% 0.17 g
FEB 20.9 0.09 0.022 0. 37 0.0014 0.015 0.034
VAR 130 0.07 0.016 0.12 0.00094 0.011 0.03
APR 129.6 e 0.74 9.3 G.21 2.3 0.19
RN 1266 4.80 1.1 15 0.39 4.3 0.25
ir 68.1 1.36 0.31 5.2 0.047 0.53 0.16
TUL 43.7 0.52 o I 0.013 0.14 0.096
LUG 204.6 106:11 di3 39 1.8 18 0.19
SEP 42.6 161 Wy, 4.5 0.074 0.84 0.15
30T 43.7 0.34 G.077 0.68 0.0072 0.081 0.075
JOV 109.9 0.61 0.14 T & 1T g 15 0.099
JEC 29 3 0.25 0.059 0.51 0.0052 0,058 0.062
stal 910.8 E 5.4 76 248 26 1.4

ztal Runoff and Pocllubant Loads

snth Runoff BOD 58 TKM T™ T
M1 Ko Kg ¥g Eg Ko

TAN 0.584 @13 1.3 0.015 B 3 A |
“EB Q.0937 0.022 Q.17 0.0014 0.01e 0.034
ARE 0.07 0.01ls 0., 12 0.000054 0.011 003
R G322 0.74 9.3 0.21 23 0.19
Ly 4.8 1.2k 15 g.359 4.3 Q.25
JUN 1.38 0.3% 3.2 0,047 0:53 0.1&
JUL 0.525 0.12 i 0.013 0D.14 0.098
AUZ i 1 o s 2.3 33 1.4 18 0,19
SEP : [ 1 Q537 4 2 0.074 0.84 0.15
2T 0.337 o.077 0.68 0.0072 0.081 0.4975
SOV 0.51 0.14 L.3 0.017 0.099
JEC 0.254 0.0889 051 0.00%2 0.058 0.082

atal 23.6 .4 76 2.3 28 Tipk



AQUALM Version : 2.1; June 1995

Input File : C:\WPS\AQUALMXP\narrala.dat
Qutput File : C:\WPS\AQUALMXP\narra4a.out

Month Rain Runoff BOD 88 TEN TN TF
mm M1 Ko Kegr Kg Kg Kg

JEN T0.6 i i 6.4 52 1.4 3.4 0.43

FEB 20.9 G.35 g 1z 0.42 3 0.14

MAR L3 0.24 1 g.3 I 3 | 0.77 okl

APR 129.8 5.14 20 1.6E+002 3 g 0.84

MAY 126.6 4,85 17 1.4E+00Z2 g 7.8 0.8

JUN 68.1 1508 Sl 46 Yo £ i

JUL 43,7 0.74 258 23 0.83 1.4 Q.22

AUG 204.48 11.01 39 3.2E+002 4.5 15 L

SEP 42 .8 1.64 Ciih 46 1.2 iR 0.35

cCT 43.7 0.44 Lk 13 0.38 0.28 0.14

Nov 108.5 2.02 g.8 Sk 1:6 4 0.47

DEC 37.3 0.45% 2 1s e 1.3 0.18

Toktal 8910.8 30.05 1.1E+002 9.1E+002 18 51 = R

Total Runcoff and Pollutant Loads

Month Runoff BOD ss TKN ™™ TP
M1 Kg Kg Kg Eg Kg

JAN 1.581 6.4 52 1.4 3.4 0.43

FEB 0.346 s 12 0.42 1L 0.14

MAR 0.237 1 8.3 0.31 B T I

APR 5.14 20 1.6E+002 3 8 0.84

MAY 4.89 17 1.4E+002 9 7.8 0.8

JUN 1.59 5.7 a8 . 3 0.38

JUL 0.742 2.8 25 0.63 1.6 0.22

AU it 39 3.2E+002 4.5 15 ; il

SEP 1.64 5.6 45 1.2 i W 0.39

OCT 0.436 1.6 13 0.38 0.98 0.14

MOV 2.02 8.8 71 1.6 4 0.47

DEC 0.486 2 16 0.51 % 0.18

Total 30.1 1.1E+002 9.1E+002 18 51 5.2
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' Appendix C

YEARLY POLLUTANT CONCENTRATIONS
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JUALM Version : 2.1; June 1855

iput File : C:\WPS\AQUALMXP\narrala.dat
itput File : C:\WPS\AQUAIMXP\narrap4a.out

mual Report for Node "NAR4p7.9", 31/12/1995 Foid 4 2.9 ha "URRAN'

EEsEsS TS S I N s S S S S s s S e s S sE=a D=

mth Rain Runoff BOD Ss TKN TN TP

mm M1l Kg Kg Kg Kg Kg
TAN 159.4 13.39 38 3.1E+002 5.9 19 1.7
TER 75.2 1.88 6.6 54 1.4 1.6 0.51
1AR 105.2 2.0%. 22 1.BE+002 3.8 11 1.3
\DR 18,7 0.55 T 9 0.31 0.83 0.18
e 218.8 20.66 46 3.BE+002 7.4 27 o
¢ ol $5.8 14 Tk 26 2.1E+002 4.4 16 1.5
UL 6.2 0.75 Taill 8.6 0.3 0.86 0.2
\UG 40.9 0.69 2.6 a1 0.59 1.5 <25
SEP 126.8 4.07 12 96 2% 5.8 G793
CT 104,77 4.83 11 93 p 6.3 0.8
1oV 164.7 10.48 25 2.1E+002 4.3 14 1.4
JEC 76.4 3.81 154 93 2 5.6 0.73
stal 1192.8 80.89 2E+002 1.7E+003 35 1.1E+002 2 k=

stal Runoff and Pollutant Loads

mth Runcoff BOD 88 TEN TH TF
M1l Kg Kg Kg Kg Kg
TADN 13 .4 38 3.1E+002 B9 15 17
"ER 1.88 6.5 54 1.4 3.5 Ba B
i oS0 s 22 1.BE+002 3.8 11 1.3
) 0.548 1.1 9 0.31 0.83 0.18
8% 20.7 46 3.8E+002 7.4 27 2.2
TN 12.8 26  Z.lE+002 4.4 16 155
UL 0.755 ik 8.6 0.3 ‘0.88 Q.2
WG 0.692 2.8 21 0.59 1.5 0.23
IEP 4.07 12 96 L 5.8 .73
2T 4.832 11 93 2.1 6.3 0.8
oV s Bo 3] 25 2.1E+002 4.3 14 1.4
JEC 28T p = g3 e 5B 0 R
wal g80.% 2E+002 1.7E+003 35 1.1E+002 11
md Simulation Fesults
mth Inflow Evap outflow Spill Volume Stage
(M1) {M1) (ML) {M1) {M1) {m)
ram 1333 0.74 Y1285 0.00 g.54 g22.000
'EB 1.88 0.63 L 25 0.00 g.54 822.000
18R b Ebe 1 0,55 6.46 0.00 g.54 E22.000
VPR Q.. 55 0.44 0i12 0.00 Boh3 231998
1Ay 20.68 .38 20.28 0.00 5.54 g22.000
o 12.748 0.33 12.43 Q. g0 B.54 522.000



JUL Q.75 0.36
AUG 0.69 0.47
SEP 4.07 0.56
OCT 4.83 o
NOV 10.48 0.68
DEC 3.81 0.82
Total 80.89 €.63
hvg. 0.22 0.02

Sasin Pollutant Retention

Month REetention Inflow

(Days) Kg
JEN 0.54 38
FEB 0.00 &E.58
MAR 27.80 22
ADE 28,6 Ed
MAY 17.81 45
JUN g8.83 26
JUL i et B g
LUG Q.00 2.8
SEP 3.41 12
oCT 3033 11
NOY 16.99 25
DEC 2.60 11
Total 11.04 2E+002

2o0llutant: S8 (Kg)

donth REetention Inflow

(Days) Kg
JAN 0.54 3.1E+002
FER 0.00 E4
MAR, 27 80 1.8E+002
APR 28.18 S
MAY 17.81 3.BE+002
JUR 8.83 2.1E+002
JUL = W 8.6
ATIG 0.00 21
SEP 3.41 96
ocT 30.33 93
NOW 10.98 2.1E+002
DEC 2:60 93
Fotal 11.04 1.7E+003

Jollutant: TEN (Kg)

donch Retention Inflow

{Days) Kg
JAN 0.54 5.9
FERB 0. 00 .4
MAR 27.8G 3.8

.40
L2

=
.

i
.80
.04

LEN RN s TS O e

SEAL
.20

oo

Retention
Kg

25
Sl
21
L8
42
23
0.47
2.4
Ll
L
24
12

1.5E+002

Retention
Kg

2.6E+002
5%
1.7E+002
20
3.2E+002
1.8E+002
T9
22
g4
2
1.9%E+002
83

1.5E+003

Retention
Kg

2
D83
P

.00
.ao
LO0
L0
.00
.00

[ . e R e T s B o B e

=

SO0

oukbflow
Kg

L5

0.34
0.018
Boy
1.4
Tt
0.25
0.43
0.089
Ll
D25

12

outflow
Kg

24
LT
Be: .

o o Co Co 0D oD

.54
.44
e
.54
.54
o

822,
821.
821,
822,
822.
B21.

g21.

goa
275
998
ooo
ooo
S99

958



Retenticn

ABPR 28.1¢6 0.31 0.38 0.14
inY 17.81 7.4 B.F 4.6
TUun d3.83 4.4 2.3 2.6
TUL o I B 0.3 0.4%9 Q.22
AIG 0.00 0..549 0.6 0.084
SER 3.41 2 e i 1.2 0.18
0T A0.33 251 LS Q.24
JOV 10.99 4.3 2 2.3
JEC 2.60 2 1.4 087
atal 11.04 35 18 14
s3llutant: TN (Kg)
mth Retention Inflow Retention Cutflow
(Days) Kg Eg Kg
TAN 0.54 19 6.7 &g
"EE 0.00 3.6 2.4 17
£ 25 B0 11 Bl 4
A 28.16 0.83 2.3 0.37
157 17.81 27 o.4 18
T 8.83 16 b g.7
UL 2 O 47 0.8 o e 0.84
VG Q.00 1.5 2.2 0.33
iEP 3,471 5.8 3.8 4 B
FEET 30.33 g .3 4.3 0.9
oV 10,29 14 &.6 6.9
JEC 2.60 5.6 4 2.2
ital 11.04 1.1E+002 57 48
1lutant: TP (Kg)
mth Retention Inflow Retention Cutflow
(Days) Kg Kg Kg
JFj 0.54 1.7 0.54 0.58
. 0.00 .51 0.28 0.09¢
AR 27.80 | - 0.7% 0.29
yPR 28.1& 0.18 .38 0.0852
Yy B %2 o B - S 0.68 l.4
R8I 8.83 A B 0.72 0.92
L e FOEe 0.2 (e 0.064
G 0.600a B.23 [ s [ 0.022
iER 3.41 073 038 0.082
T 30.33 g.82 0.53 ki 2
oV 10,92 1.4 0.6% s
JEC 2.60 0.73 0.6 Q.14
al 11.04 5153 E.2 4.5
md Sediment Grading Distribution
Grain Size Inflow
mim Kg Kg %
0.000 - 0,002 3.3E+002 1.BE+002 55,10
0.002 - 0,004 8e 78 = o R
0.004 - 0.0L0 1.1E+002 1,.1E+00Z 99,17
0.010 - 0.020 86 a4 100,00

Cutflow
Cum % Kg
§5.10 1.4E+002
62.56 7
70,33 0.893
74.43 0.00073

/ 19
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.000 -
000 -
200 =

o 5 5 I e e T i e e T e

=

Toktsl

Mean Depth

040
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o
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o
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ao
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/64,
MJALM Version : 2.1; June 1995

put File : C:\WPS\AQUALMXP\narrala.dat
tput File : C:\WPS\AQUALMXP\narrap4b.out

————————————— SE———————————tE LR e e e i e e

nual Report for Node "NAR4pll.S", 31/12/1995 Pord 4 1-Q ke, "UR "

nth Rain Runoff BOD ss TKN ™ TP

T ML Kg g Eg Kg Kg
AN 159 .4 15.38 56 4,6E+002 8.4 24 b
'EE 75.2 o S 9.9 80 9.1 5.3 0.68
(AR 105.2 8.41 32 2.6E:002 5.7 15 1.9
PR 18.7 0.55 L5 13 0.46 1.2 0.2
& 218 .8 21.33 67 5.5E+002 10 3z 2.9
s $55.8 12.68 37 3E+002 6.2 19 1.5
UL 6.2 0.66 1.5 12 0.44 1.2 0.21
G 40.9 0.92 3.9 32 0.89 5. 0.3
BED 126.8 472 17 1.4E+002 3 g8 0.96
ICT 104 .7 5.10 16 1.3E+002 i 8.3 1
oV 164 .7 11.23 37 IE+002 6.2 18 1.9
EC 76.4 4.49 17 1.4E+002 3 7.9 0.96
al 1192.8 87.87 JE+002 2.4E+003 50 1.4E+002 15

sbal Funoff and Pollutant Loads

mth Runoff BOD i TEN TN TP
ML Eg Eg Kg Eg Kg
AN 15.4 56 4.6E+002 8.4 24 2.4
‘EB 2.4 9.9 80 2.1 - 0.68
g } 8.41 32 2.6E+002 5.7 15 M e
Lirt, 0.546 1.6 13 0.46 Eiw 0.2
1Ay 21.3 67 5.5E+00Z 10 32 2.9
L8 127 37 JE+002 6.2 15 18
UL 0.665 L5 12 0.44 1.2 02k
JIG . 817 3.9 32 0.89 2.2 0.3
JEP 4.72 17 1.4E+002 3 8 0.96
T Sl le 1.3E+002 e B 8.3 ik
oV 12 37 AE+Q02 6.2 18 oy
JEC 4.49 17 1.4E+002 3 TeD d.96
stal 87.9 3E+002 2.4E+003 50 1.4E+002 15
wnd Simulaticon Results
mth Inflow Evap Qutflow Spill Volume Stage
(M1} (ML) (ML) {M1) (M1} (m)
TR 15.38 0.74 14 .64 g.00 8.54 8z22.000
'ER 2.40 0.63 LT Q.00 §.54 822.000
1RR, B.41 55 7.85 0.00 8.54 822.000
\PR 0.5% 0.44 0:12 0.00 8.53 821.958
1ny 21..33 0.3¢ 20,95 0.00 8.54 822.000
It 12.868 3R 12.35 .00 g.54 822.000



JUL 0
AUG 0
SEP 4
QCT 5.
MOV 11
DEC 4
Total &Y
avg. 0.

g =
2
.72

10

23
.43

a7
24

C oo OO

6.
¥

.35
.47
58
BT
.68
B2

63
.02

Basin Pollutant Retention

Pollutant: BO

D (Kg)

Mlonth Retention
(Davs)
JAN 0.41
FEB 0.00
MAR 20.0858
LPR B AR
MAY 80857
JUN 7.83
JUTL 1,77
AUG Q.00
SEP 6.82
OET 28.00
NOV 7.05
DEC 5.70
lotal 7.48
rollutant: S8 (Kg
fonth REetention
(Daya)
JAN 0.41
FEB 0.00
MAR, 20.058
APR 3 i
MAY 9.97
JUUN 7.83
JUL 177
LUG Q.00
SEF 6.82
QcT 28.00
NOV 7.05
DEC 570
lokal 7.48

‘ollutant: TEN (Kg)

lonth Retention

{Days)
JAN 0.41
FER g.00

MAR 20.

05

2

Inf

low
Kg

56
9.9
32
i
g7
37
1.5
3.8
L
16
37
L

AE+002

0.32
0.43
4.16
4.43
4 P!
3.70

81.27
0.22

Fetention
Kg

S
7.8
2l
2iB
61
36
.73
3.8
16
16
25
17

2.8E+002

Inflow Retention

Kg

LEE+002

80

LBE+Q02

13

.SE+002

JE+002

1z
S

L4E4+002
L3E+002

3E+00Z2

LAE+Q02

JAE+003

Kg

3.8E+002

86
2.4E4+002
27

4 .5E4+002
2.7E+002
27

33
L2E+002
LSE+QQ2
.TE+0Q02
LAE4+QQ2

B e et

Ba

.2E+003

Retention
Kg

.8
57
Wil

(ad = B3

-0
.ao
.00
.00
.08
L0

o 8 e e e o

o

.ao

Cutflow
Kg

27
2
0.86
0.055
4.4

L.
0.3
O.58
0.286
1.6
0.44

18

Outflow
Kg

42
22
12
1o
iz
37
14
2.2
4
4.2
30
g.4

2.5E+002

outflow
Kg

o0 0o 00 o0 o o

.54
.43
53
.54
. o4
o4

B2,
B21..
gdl.
822.
822,
g2l.

821,

ooo
271
958
ooag
ooo
S35

937



R H St 0.48
b el 10
N T.83 6.2
L WAy 0.44
G g.00 2 g -
E 6.82 3
T 28.00 341
W T.05 .2
W BTl 3
.al 7.48 50

Jlutant: TN (Kg)

ith Retention

(Days) Kg
\N 0.41 24
e 0.00 5.3
o 20.05 15
°R T 1% N
Y 9,97 32
TN 7.83 19
IL ..o 1.2
G 0.00 3,2
) 6.82 8
o 28.00 8.3
oV 7.05 18
EC 5.70 7.9
tal 7.48 1.4E+002

llutant: TP (Kg)

nth Retention

{Davs) Kg
1 0.41 2.4
'EE 0.00 0.68
[AF 20,05 y PR
PR B g, 0.2
Y 9,97 2.9
o T B3 5 Bt )
L 1.7 0,23
JIG 0.00 0.3
IEP 6.82 0.96
T 28.00 1.
oV 7.05 1.9
JEC 5.70 0.96
stal 7.48 15

inflow Retenticn

Inflow Retention

snd Sediment Grading Distribution

Grain Size Inflow
el Kg

0.000 - 0.002 4 8E+002
g.002 - 0.004 1.2E+002
0.004 - Q.010 1.6E+002
0.010 - 0.020 1.2E+002

Retentlion

1 0.18
. 51
Bl 3.7
Qe .27
G.986 A
Lol 0.28
A AT
2.9 33
2 i
25 22
Qutflow
Kg ¥g
g M
3.2 2
8.1 6.6
2.7 0.45
I 15
5L 11
2.7 0.85
2.8 0.41
4.8 0.B8
5.8 2
8.2 2.1
B e ¥, 1
71 63
cutflow
Kg Kg
£.7 0.8%
0.49, 0.14
2 D.62
0.45 0.042
0.88 1.7
Q.92 1.2
0.38 0.4Q%77
0.21 0.034
0.48%9 0. 13
0.72 0.32
0.8% 0.96
0.76 .26
T 6.4
Kg %
2.6E+00Z 52 .64
1.1E+002 9090
1.6E+002 9g8.91
1.2E+002 i04.00

Cum %

&2
.44
EB.
T2

60

64

&0
94

Outflow

Kg

JUE?

EE T



.020 -
.0ag -
L0880 -
L1B0 -
J320 -
500 -
.0oo -
L00g -
000 -
.000 -

Lo 00 B R R e T i T e B e

[_I

Total

=an Depth

ean Hydraulic Residence Time

.40
.080
.160
320
L500
.000
000
.000
10.000
559.000

nmKwEHE OO ooo

2.50 m

L L

.3E+002
.3E+00Z2
3E+002
LAE4+002

28
44
44

LAE+002

48
o

LAE+003

oL L

.3E+002
LIE+00Z
L3IE+0G2
LAE+002
28

44

44
LAE+0Q02
45

9]

.2E+003

0.09698 yrs

100.
kEoka
100,
.00
00

100
100

100.
100.
100,
i Ky T
.00

85,

ao
ao
oo

oo
oo
aa
ao

ean Depth / Hydraulic Residence Time: 25.75 m/yr

80.
.38

B4

g87.
87,
-14
88,
88.
.78
g8,
B9,

a8

89

LR

13

10
97

38
B2

25
23

88

e e I e I v T e R R e e MY e

2.2E+002



s

WUALM Vexsion : 2.1; June 1995

put File : C:\WBS\AQUALMXP\narrala.dat
Eput File : C:\WPS\AQUALMXP\narrap3a.ocut

mnth Rain Funoff BOD 38 TEN ™ TF

il ML Kg Kg Kg Kg Kg
AN 159.4 13.39 38 3.1E+002 L 19 T
'EB L 1.88 6.6 54 1.4 3.6 0.51
AR 105.2 7.01 22 1.8E+002 3.8 ;B L3
PR 187 0.55 i 4 g 0.31 0.83 0.18
Ay 218.8 20.66 46 3 .8E+D02 T 27 S
< 03 95,8 12.76 26 2.1E+002 4,4 16 1.5
UL 6.2 0.75 3,5 8.6 0.3 0.86 0.2
N3e 40,9 0.69 2.6 21 0.59 1.5 0.23
EP 126.8 4,07 12 95 3 ) 5.8 0.73
e TR 4.83 1% 93 2.1 6.3 0.8
oV 164.7 10.48 25 2.1E+002 4.3 14 1.4
IEC 76 .4 3.81 11 93 2 5.6 0.73
tal 1192.8 80.89 JE+002 1.7E+003 35 1.1E+D02 11

ital Runoff and Pollutant Loads

mnth Runcft BCOD ss TKW TH TP
M1 Kg Kg Kg Kg Kg
AN 13.4 38 3.1BE+002 B 13 1.7
'EB 1.88 6.6 54 1.4 3.8 0.51
12y POk 22 1.BE+002 3.8 L L3
" 0.548 il 9 0.31 0.83 0.18
[AY 20.7 45 32.8E+00Z 7.4 27 2.2
TN 12.8 26 2.1E+002 4.4 lse Lk
TL G575 i i B.6 ERAE 0.88 02
LG 0.692 26 21 0:59 Lah O 23
iEP 4.07 12 96 el 5.8 e
IcT 4 .83 1% g3 2.1 P R
oV 1k 25 2.1E+002 4.3 14 1.4
EC 3,81 11 a3 P 5.6 0.73
eal 80.5 2E+002 1.7E+003 35 1.1E+002 B
nd Simulation Results
mth Inflow Evap Outflow Spill Volume Stage
(ML) (M1) (ML) {M1) (M1) (m)
AN 13,39 0.85 12.74 0.00 7.49 g22.000
EB 1.88 0.55 123 0.00 R 822.000
AR T 0L 0.45 6.53 0.00 7.49 B2Z.000
PR 055 038 .17 0.00 7.49 821.935%
AY 20.68 D332 2033 0. 00 7.48 822.000
8]} l2.7e 0.28 12.47 0.00 7.489 822.000



JUL il 5
AUG .69
SEP 4.07
QCT 4 83
MoV 10.418
DEC .81
Total g0.89
Avyg, a2

R 3
.41
.49
=t
.60
o TE

OO O Oag

5.82
0.02

Basin Pollutant Retention

Follutant: BOD
Month Retention
(Days)
JAN 0.40
FER Q.00
MAR 22.77
APR 4 .45
MAY 10.&82
JUN 4. .88
JUL ., Qh
LG 0.00
SEP 10.23
QT . J S e
MOV 2 e i
DEC 5,94
Total 8,47
Pollutant: &85

Month Retention

(Eg)

Inflow
Kg

38
6.6
22
L.
46
26
i
2.0k
12
11
25
L

2E+002

(Kg)

.44
S28
.58
V2D
.88
i

L Wb WO o

Retention

Kg

i5
5.8
21
1.8
41
24
B2
2
11
11
24
3

1.8E+002

Inflow Retention

{Days) Kg
JAI 0.40 3.1E+002
FEB 0.040 54
MAR 22.77 1.8BE+002
LPR 4.45 ]
MAY 10.62 3.BE+002
JUN 4.88 Z.1E+002
JUL 0.00 Bg.6
AUG 0.00 21
SEP 10.23 95
Qe 3222 83
NoW 2.11 2z.1E+002
DEC 5,594 33
lotal 8.47 1.7E+003
Sollutant: TEN (Kg)

donth Retention

(Days)
JAN 0.40
FEB 0.00
MAR 22.77

Kg

2.6E+002
57
1.7E+002
18
3.1E+002
1.9E+002
18
il
84
20
1.%E+002
a2

1.5E+003

Inflow Retenticon

Kg

L = own
oo D

Kg

% B
sk

e ls)
.00
.00
.90
.00
.00

Oooo OO0

.00
.00

O

Outflow
Kg

1.8
1 W
0.47
0.048
e
l.6
0.B4
0.25
L P frd o
il
1.2
0.25

bl

cutflow
Kg

30
1
P
1
BT
23
Tl
2
@.35
s
22
4.9

1.7E+002

outflow
Kg

2ala
0.38
.5

bt S BN N S B |

.45
42
.45
.43
.45
A3

8223,
821.
B21.
822u
B22.
B21.

821,

000
578
259
Qoo
aooc
255

8988



Fetenticn

APR 4,45 0.31 0.73 0.13
MAY 10.682 Tod B 4.7
JULT 4 .88 4 .4 20 2.7
JUL Q.00 b 0.47 018
AUG 0.00 Q.59 0.6 0.083
SEF 10.23 2 e 8 1.2 0.1l4
oCT 2028 ek 1.4 0.5684
NOV -3 e i 4.3 2 23
BEC 5.94 2 1.4 0.8l
otal g.4% 35 17 15
ollutant: TN (Xg)
cnth Retention Inflow Retention outflow
(Days) Kg Kg kg
JAN Q.40 158 6.3 6.4
FEEB 0.00 3.6 2.4 TS
Vﬂﬁ R A 5 5.8 4.5
p o 4.45% 0.83 2 0.45
MR 1Ose2 27 8.7 17
JUN 4 .88 158 7.3 2
JULL e e 0.86 L.B 0.73
ATG B.G8 1.5 2 0.33
SEP 10.23 5B 2.5 .55
QCT J2.22 6.3 4.1 1.7
MoV 9.11 14 B.3 bt b
DEC .94 5.8 3.8 b flger)
otal a.47 1.1E+002 54 52
ollutant: TP (Kg)
onth Retention Inflow Eetention gutflow
(Days) Kg Kg Kg
?jg Q.40 A 0.51 0.&67
. 0.08 0.51 Q.37 .085
M, 2277 1.3 .76 0.4
APR 4 .45 0.18 0.38 O.045
MAY 10.62 e Q.54 1.4
JUN 4.88 ALY 0,68 0.98
JUL 0.00 0.2 3 g.048
AUG 0.00 0.23 .17 g.022
SEP 10.23 Q.73 @33 0.077
T 32,22 0.8 0.56 0.28
MOV 9.11 1.4 0.65 QLT
DEC §.94 0.93 0.58 3 I oy
otal 8.47 11 5.9 4.5%
ond Sediment Grading Distribution
@rain Size Inflow
mem Kg Kg %
0,000 - 0.002 3. 3E+4+002 1.7E+Q02 50.44
0.002 - 0.004 8& Ta 5§9.19
0.004 - 0,010 1.1E+002 1.1E+002 98,43
0.010 - 0.020 aa aa 55,99

Cum

50
58

i

o,

.44
e
66 .
43

84

Cutflow
Kg

1.5E+002
9.2

1.:8
0.008

s



G20 =
040 -
JB0 -
i of 1
el e
LB e
.000 -
o000 -
Lgo0o0 -
JeEd =

oMK = OO o oo o

"_J

Total

=2an Depth

san Hydraulic Residence Time
=an Depth / Hydraulic Residence Time:

.040
.080
160
.320
.500
.000
.000
.000
10.000
999.000

mihaHEoOooo

2.50m

b b ba

L3E+002
L3E+002
L3AE+002

54
is
30
30

.TE+002

33
0

., TE+003

L3E+COZ2 100.00

LAE+Q0Z 100.00

L3E+002 100.00

G4 100.00

19 100.00

30 1006.00

30 100.00

.TE+002 100.00

33 100.00

Q0 0.00

LSE+003 259 .43
0D.09248 yrs

27.01 mfyr

79

Be

87.
87.
87,
B7
B89,
ag.
A3

8g

89

.08
83.
.38

51

30
47
T3
99
21
43

-&3

OO0 OoOOoO0 o000

1.6E+002

o bl i e TR o | PR R S



Lt

OUALM Version : 2.1; June 1985

nput File : C:\WPS\AQUAIMXP\narrala.dat
utput File : C:\WPS\AQUALMXP\narrap3b.out

onth Rain Runoff BEOD 55 TEN TH TF

mm M1l Kg Kg Kg Kg Kg
JAN 159.4 15.28 56 4.8E+002 B.4 24 2.4
FEB ThH 2 2.40 9.2 a9 L | 5.3 0.68
MIAR 105 .2 B.41 32 2.6E+002 Bt 15 P
APR 187 055 1.6 13 0.46 12 4
V“f 218.8 21533 67 &.5E+002 10 iz 2.9
S | 258 12.68 37 IE+002 B2 19 1219
JUL 6.2 0.&a8 Y5 12 Q.44 1.4 Q.21
AUG 40,9 0.92 08 32 0.85 2.2 0.3
SEF 126.8 4.72 17 1.4E+002 L, 8 2.96
oCT 104.7 5.180 158 1.3E+002 E e 2.3 1
o le4 .7 11.23 37 IE+002 6.2 18 2 I
DEC T6.4 4 .49 17 1.4E+002 L 7.9 Q.96
atal lila2.3 = i A S 3E+002 2.4E+003 50 1.4E+002 is

otal Runeoff and Pollutant Loads

anth Funoff BOD (=4 TEM ™ TE

M1 ¥g Eg ¥g Eg Fg
JAN 15.4 58 4.8E+002 8.4 24 2.4
FEB 2.4 9.9 a0 2.1 =3 Q.68
TR g8.41 32 Z2.8E+002 ST 15 T
R 0.546 1.6 13 0.46 1.2 a2
VA i O | &7 5.5E+00Z A ) 32 2.9
Jum L2 a7 JE+002 e.2 139 1.9
JUL 0.665 o e 12 0.44 i g.21
ATIG [ 8RR B i 32 0.8% 2.2 0.3
SER 4,72 17 1.4E+002 3 g O35
20T 5.1 16 1.3E+002 5. 5 8.3 1
NOWV 112 37 3E+002 Bl 18 1.9
JBEC 4,49 17 1.4E+002 3 T 0.96
atal 87.9 3E+002 2.4E+003 50 1.4E+002 15

and Simulation Results

snth Inflow Evap Outflow Spill Volume Stage

{M1) (M1) {M1) (ML} {M1) (m)
JAN 15.28 0.65 T A 0.00 7.49 §22.000
*EB 2.40 0,85 185 0.00 T.48 BZ2Z.000
AAR g.41 0.49 V.92 0.00 7.49 822.000
APR 0.55 0,38 o, 17 0.00 T.45 g2l8es
ARY 21.33 0.32 21.00 0.4¢0 T.49 822.000
TN 12.68 0.2% 12,39 0.00 7.48 822,000



UL 0.66 0.32
UG 0.92 0.41
EP 4,72 0.49
ICT 5.10 0.59
oV 11,23 0.60
EC 4,49 0.72
eal §7.87 5.82
o 0.24 0.02

\2in Pollutant Retention

yllutant: BOD (Kg)

snth Retention Inflcw

{(Days) Eg
TN 0.34 B&
*EB G.00 9.9
ALE e 32
3PR 1.01 1.6
ARY 6.05 57
TN 4 .87 37
JTUL Q.00 t.5
alG 0.00 3.9
SEP 12.48 17
ST 57.45 14
Hov 5.04 37
DEC L3035 17
otal 2.89 3E+002

cllutant: SS (Kg)

onth Retenticn Inflow

(Days) Kg
JRN 0.34 4 ,6E+002
FEB 0.00 a0
MAE, ) A 2.6E+002
APE 1.0L gL
MAY 6.05 E.5E+002
JUON 4 .87 AE+002
JUL Q.00 1.2
AUG .00 B
SEP 13.48 1.4E+002
oCT 57.45 1.3E+002
NOV 6.04  3E+002
DEC 13..37F 1.4E+002
‘otal 5.9 2.4E+003

iollutant: TKN (Kg)

lonth Retention Inflow

(Days) Kg
JAN g.34 8.4
FER Q.00 2o
MAR 12.32 5

o e
.50
.23
Sz
5
.78

WOk sk O O

022

Retention
Kg

gl
S,
31
2.4
60
25
Lak
=
16
1la
a5
17

2.8E+002

Retention
Kg

3,.8E+002
827
Z2.4E+002
. 25

4 .5E+002
LTE+002
25

3z
L2E+002
L3E+002
LTE+002
LIE4+002

b

e

(o8]

L2E+003

Retention
Kg

.00
.00
.00
.00
.00
.00

L T T e T i e e

.00

outflow

vzl
w

]
o o o .
T el e A e I el
Wkl s o+ = fPe
Fa 30 BRS + R PO N S N B R W

(=]

CoE
T
i -]

b
~J

outflow
Kg

43
10
L
122
81
41
Atk
2.2
0.88
el
S
5.2

2.6E+002

B e e L |

.43
4l
.49
.49
.49
.45

B22

B21.
821.
B22.
.000
000

g22
a2z

B21.

.000

976
994
Qoo

s9a



LPR 1.0L 0.46
1AY §.05 10
TuN 4.87 BT
L 0.00 0.44
ATIG oc.o0 Q.85
;EP 13.413 5
T 2F.45 Foa
10V 6.04 g
JEC T et ) 3
tal Hib3 50

3llutant: TN

mth Retention

(Days) Kg
TAN 0.34 24
'EB 0.00 B3
"Q I2.332 1.5
% 1.01 L
1AY £.05 32
T 4 .87 19
L 0.00 Lz 2
el 0.00 2ol
EP 13.48 8
Y 57.45 823
0oV 6.04 18
BEC 1337 Toais
ital 9.689 1.4E+002

illutant: TP (Kg)

mth REetention

{Days) Kg

“g 0.34 2.4
m 0.00 0.68
AR 12.32 Loy
PR 1 .04 0.2
By £.05 L
UM 4 .87 1.9
UL 0.00 0.21
JIG 0.00 0.3
EE 13.48 F.95
0T 57.45 1
o .04 1.9
EC e A 0.98
ical 9.5 15

Inflow REetention

Inflow Retention

nd Sediment Grading Distribution

Graln Size Inflow
T Eg

Q0.000 - 0,002 4 ,8E+002
Qg.002 - 0.004 1.2E+002
Q.004 - 0,010 1.8E+002
g.010 - 0.020 1.2E+002

Retention

g.51 D.18
i.4 6.3
2.9 g B
0.688 0.23
0.83 0.13
1.8 0.25
2 L
2.8 323
1.9 1.2
24 23
Cutflow
Kg Eg
7.6 9.3
o 1.8
7.8 S
2.4 0.45
10 19
8.7 1L
2 073
2.5 0.41
4.7 Q.77
5.4 3
Hias 9.3
5 3.4
&7 67
Outflow
Kg Kg
0.88 al
0.43 0,32
Q.94 [
0.41 0.043
0.83 1.8
Q85 12
0.38 0.059
0.2 0.034
0.49 0.13
0.69 0.38
0.84 ¥
0.TL 0.34
T 6.9
Kg %
2.3E+002 47.91
L.1E+002 88.45
1.8E4002 98.089
1.2E+002 B985

Cum

47 .
55
.06
S

65
&g

@
a

g1
17

Outflow
Kg

2. 3E+002
14

B d;

L E%e i R

J#



LAOZ24 -
040 -
080 -
160 -
a2l =
500 -
L0000 -
SO0 -
L0000 -
LAO00 -

CnMHEOOOo0 00

'_l

Total

M=an Depth

Mean Hydraulic Residence Time

.040
080
180
320
.500
000
L0050
O
10.000
955,000

NP OOoOOooo

2.50 m

[ EN I S R W

L3AE+002
LAE+002
.3E+002
LAE+Q02

28
44
44

.4E+002

48
g

LAE+003

ol L L

L3E+002
LAE+D02
L3E+002
LAE+002
28

dd

44
LAE+002
48

a

. 2E+003

0.08512 yrs

3Ed 51
100,
00 .
100.
100,
100.
LoErds
104G,
L0:0

0.

B88.

ao
ao
oo
oa
00
oa
oo
go
ao
ao

Bg

Mean Depth / Hydraulic Residence Time: 29.34 m/yr

T
B2
85,
62
Bs,
87.
87.
88.
g8,
BE.

85

g8

&
B2
BES

EQ
08
34
63
ga
BE

.B6&

oo O0oOD OO0

2. 5E+002



JUALM Versicn

apuk File
itput File

2l

June 1555

onth Faln

min
JAN 159.4
TER 75.2
AR 105.2
ADR 18.7
i 218.8
- 95.8
JUIL A.2
AUG 40.9
ZEF 126.8
T 104 .7
OV le4d4.7
IE TE.4
stal 1192.8

atal Runoff and Pollutant

Runocff

) -

W ok d O oo O ) W

=

80.

M1

Lk
.88
4D
~58
.66
T8
e
.69
w7
.83
.48
-8l

g9

BOD
Kg

g
E.6
22
L.
46
26
3.0
g8
12
11
25
11

anth Runcff

M1
JAN 13.4
TEE 1.88
"E i R
o 0.548
AAY 20477
TUM 12.8
JUL 0:7758
AUG 0632
SER 4.07
JCT 4.83
o 1E.5
JEC 81
atal 80.5

BOD
Kg

38
6.5
22
Tl
46
26
i
2.6
12
11
25
11

onk Inflow

(M1}
JTaM 13,39
7EB 1.88
AR i 2o
APRE 0,55
LAY 20.660

Jun LZuih

3.1E+002
4
1.28E+002
]
3.8E+002
2.1E+002
8.6

21

&

93
2.1E4002
23

1.7E+003

cutflow
(ML)

12.88
1.45
6.63
d.24

20.41

12.53

C: \WPS\AQUALMXP\narrala.dat
C: \WES\AQUALMXP\narrapza.out

ss
¥g

.1E+002

24

LBE+002

g

LBE+0Q02
LAE+002

8.6
21
Se
93

.1E+002

93

-TE+QQ3

=1
& 2

L = R

B B = O o =]
B L0 D G s i 00 e D

Lud
Ln

spill
(M1)

.00
.00
.00
.00
.00
.00

oo D oo

] o
[ T R

BB B

Vol
{

o Lnownounoun

|_3
Q2

L = n

[

PRI | |
B LS o L B D

Lad
Ln

ume
M1)

1

|
HL
L
R
sl

Stage

B
822,
822,
824,
B22.
§212.

{m)

Qo0
0oo
000
GO0
Qoo
0oo

o e e o L)

O P T S S e et

o B I T SR ¢ I -
Lod afe 00 Ld L B LR B 0O LU -] s}

'_I
'»-ﬂ.



JL .75
JG 0.6%9
=P a4.07
oL 4 .83
N 10.48
EC 381
cal B0 .BY
o G.22

25
.33
L
.45
.47
st

oooo oo

s

i
f0%

sin Pollutant Eetenktion

111lutant: BOD

svnth Retention

(Days)
J&N 0.34
~EB 0.00
VAR 12 .90
LER 1 AFS
MAY 4.14
JUN 4.09
JUIL 0.00
AUG 0.00
SEP 25.82
oCT 45.13
BIOV ic 1 s
DEC 9.5%
otal 9.01

(Kg)

Inflow
Kg

38
6.6
22
3.1
46
26
1.1
2.6
12
11
25
I

2E+002

sollutant: S8 (Kg)

donth Retention

(Days)

JAM 0.34
FER 0.00
MAR 12.90
EPR 1.058
MAY 4,14
JUN 4.09
JUL 0.00
BUG 0.00
SEP 25 .82
aCT 46,13
WOV 3,11
DEC 5.59
Total 9.01

Pollutant: TENW

Month Retention

{Days)
JRN 0.34
FEB 0.00

MAR L2080

Inflow
Kg

3,1E+002
54
1.8E+002
b
3.8E+002

2.1E+002

B.6

21

96

83
2.1E+002
93

1.7E+003

0:50
e R
3.68
4,37
0.01
3.24

T 1
g. 21

Retention

kg

35
E.7
21
1.6
41
24
s I
2.3
L3
i
24
11

1.9E+002

Retention

rg

2.6E+002
54
1.6E+002
15
3.1E+002
1.9E+002
15
20
g4
ag
1.8E+002
2

1.5E+003

1nflow Retention

Kg

La =N
o oef= WO

Kg

 E
0.82
2

AR 1)
.00
.00
.00
.o
.00

oo o oo

L

.00
0.00

outflow
Kg

b
0.1%
078

0.074
3.7
1.5

0.063

0.25
0.a7
0.36

15

035

11

outflow
Kg

39
3.5
15
1.2
&4
33
1.4

0.72
7.2
28
BB

2E+002

(L U7 Lo L

o
.86
o h
0L
P A
oL i

822.
821.
.000
.000
,000
822.

B2Z
g22
822

a2l.

ooo
984

ooao

295

e PR3 R -



[

APR 1.05 0.31 e = ) 0.14
Y 4 .14 7.4 2.2 4.9
o 4,049 4.4 1.9 2.8
JOL 0,00 0.3 0.45 o, T2
UG Q.00 0.5%9 0.51 0.083
3EF 25,82 o A | I &
=T 46,13 . T R
JO B T 4.3 1.8 2.4
JEC 9.58%9 2 T3 Q.84
stal L= BEE A S 15 18 17
sllutant: TH (Kg)
snth Retenticn Inflow Retention Cutflow
(Days) Kg Ko Kg
TAN .34 19 5.8 q.2
'EB Q.00 1.8 2.4 Lowid
) 12.90 11 5.4 5.4
L 1.405 0.83 1.6 Q.37
4aY 4.14 27 7.8 13
T 4.08 18 8.7 = B
UL Q00 0.8& Lo 0.49
\TG 0.00 1.5 1.6 0.33
iER 25,82 5.8 i R g.59
woT 45.13 6.3 3.8 2.9
1OV % e S 14 S8 7.8
IEC 9.59 5.6 3.5 2.6
pit=i 9.01 1.1E+002 49 58
xllutant: TP (Kg)
mth Betention Inflow Retention Outflow
(Davs) Kg Kg Kg
Eg 0.34 i 0.46 0.8
i 080 0:;5L D-3§ 0.087
AR, 12,90 B 0.68 Q.59
PR A 0,18 .31 0.034
1AY 4.14 2.2 0.58 1.5
T 4.089 L5 .61 i,
L 0.00 4 0.28 0.03
WG 0.o00 0.23 g.1l6 0.022
iEP 25.82 0,73 g.37 2 s
2T 45,13 0.8 g.52 0.37
ov it £ i 1.4 .59 0.8
1EC 8.5%9 2 T 351 .29
stal 0L Lk 5.4 5.6
md Sediment Grading Distribution
Grain Sizs Inflaw Retention Outflow
mm Ker Kg % Cum % Kg
0.000 - 0.002 3.3E+002 1.4E+002 42 .21 42 .21 -1.8E«+0Q02
0.002 - 0.004 | 86 T2 B4 .02 5073 14
0.004 - 0.010 1.1E+002 1.1E+002 0& .65 60 .47 3.8
05018 - 0.020 ag 86 D993 £5.93 0.063



020 -
L0490 -
.0BO -
180 -
L3320 -
L5000 -
000 -
000 -
.000 -
.000 -

o e T i e e

1=

Total

fean Depkth

lean Hydraulic Residence Time

.040
.080C
L1680
320
a0
000
.0oo
000
10.000
889,000

nMFEFOoOOoODo OO

iy 50

b B2 B

L3E+002
L3E+QQZ2
LIE+002

54
il
R4
30

LTE4+002

33
Q

LIE+Q03

[ N

.3E+002
.3E+002
LAE+D02
94
B
30
30
LTE+002
33

.EE+003

0.07232 yrs

LB
100.
100.
L0,
1O0,
100.
100.
100,
100.
.00

87

oo
oo
0Q
oo
ao
aoc
Qo
oo
ao

=38

lean Depth / Hydraulic Residence Time: 34.27 m/yr

75

g4

85
85
87
87
a7

87

.08
80.
83,
85
&k,
e o
.67
.14
e
S e

23
76

0e

]

1.4E-006

OoODoO 00000

ZE+002



S0

QUALM Version : 2.1; June 1985

nput File : C:)\WPS\AQUALMXP\narrala.dat
utput File : C:\WPS\AQUALMXP\narrapZa.cut

nnual Report for Node "NAR2pll.9", 31/12/1395 FomD 2 1.9 ha ‘' URRAN"

S s SsSsEEsESE SO T OSSO O ST EEm e s e s s S N T S e s S S S T T S S e e S S S S S S S S S S s s s s s s s e e ==

ocal Runoff and Pollutant Loads

anth Rain Runoff BOD ss TKN TN

TP

T M1 ¥g Kg Eg Kg Kg

JAN 159.4 15.38 56 4.8E+002 8.4 24 2.4
FEB 75.2 2.40 5.9 80 2 E 5.3 0.68
MAR 105.2 8.41 32 2.6E+002 5.7 15 1.7
APR 18.7 0.55 1.6 13 0.46 : i 0.2
il 218.8 21.33 67 S5.S5E+002 10 32 2.9
JuN 55.8 12.68 37 3E+002 £.2 19 1.9
JUL 6.2 0.66 1.5 12 0.44 1.2 s T
AUG 40.9 0.92 3.9 32 0.89 2.2 0.3
SEP 126.8 4712 17 1.4E+002 3 8 0.95
3CT 104.7 5.10 16 1.3E+002 o 0, 8.3 3
NOV 164.7 11,23 37 3E+002 6.2 18 1.9
DEC 76.4 4,49 17 1.4E+002 3 7.9 0.96
otal 1152.8 87.87 3E+002 2.4E+003 50 1.4E+002 15

astal Runoff and Pollutant Loads

-nth Runoff BOD 58 TEN ™ TP
M1 Kg ¢ Eg Kg Kg Ko

JAN 15.4 56 4.6E+002 8.4 24 2.4
FEB 2.4 9.9 80 %k 5.3 0.68
R 8.41 32 2.6E+002 5,7 1s : iy,
5ER 0.546 1.6 13 0.45 1% 0.2
A 21 .3 67 5.5E+002 10 32 2.9
JUN 137 37 3E+002 6.2 18 1.9
JUL 0.665 1.5 12 0.44 M 0.21
AUG 0.917 3.9 32 0.89 5 i 0.3
SEP &7 17 1.4E+002 3 8 0.%6
ICT 5.1 16 1.3E+002 b 8.3 1
OV B 37 3E+002 6.2 18 L9
JEC 4.49 17 1.4E+002 3 5.9 0.96
stal 87.9 IE+002 2.4E+003 50 1.4E+002 15

nd Simulation Results

snth Inflow Evap Outflow Spill Volume Stage

(ML) (M1) (M1} (M1) (M1) (m}
JAN 18, 38 0.51 14.87 0.00 £.91 822.000
TEB 2.40 0.43 1.97 0.a0 5.5% 822.000
1RR 8.41 38 B.02 0.00 ., 81, B22.000
AFPR 0.55% 021 0.24 0.00 i 2 822.4000
AAY Pl AT 5 i 21.08 0.00 .91 822.000
TUN S o s 12 .45 gc.oo Sl g§22.000



JUL
AUG
SEP
OcT
NCV
DEC

Total
Avg.

JED
= e
R
s e
.23
.49

[ e L e R

BV BT
0.24

R
.33
B
.45
a7 L
w7

oo O O oo
WOk = O 0O

4.58 B3.
0.01 0,

Basin Pollutant Retention

Month Retention

JAN
FEBE
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOY
DEC

Total

{Days)

‘53
.00
.81
.00
.24
.09
.00
.00
BT
il 057
.46
.28

b b3
Wk Ouh O O 0O -] OO

oy

.10

Pollutant: SS (Kg)

Month Retention

JAN
FER
MAKR
APR
MAY
JUM
JUL
AUG
SEFP
ocT
NOV
DEC

Total

Pollutant: TKN (Kg

{Days)
0.33 4
0.00
T8Y 2
0.00
g.24 &
4.03
0.00
0.00

24 .67 1

20.85 1
4.46
3.28 L
6,10 2

Month Retention

JAN
FEB
MAK

(Days)

0: 33
0.00
R B

Inflow Eetent
Kg

56
5.9
32
I8
&7
37
i %
3.3
LT
1l
27
17

.41
50
i
. Ed
.76
22

28
23

ion
Kg

51
2
31
2.2
60
35
Qg
L]
186
1s
35
17

3E+002 2.BE+002

Inflow Retention

Kg Kg
J6E+002 3.7E+002
80 79
.6E+002 2.3E+002
13 22
.5E+002 4.4E+002
3E+002 2.6E+002
12 22
32 30
.4E+002 1,2E+002
.3E+002 1.3E+002
3E+002 2.6E+002
LAE+002 1.3E+002
.4E+003 2.1E+003

.40
.00
glo3e;
.00
.00
.00

L T o o R e - B o

.00
.00

=20

outfleow

o

(O TN ) W S R
n -
i

L S TS e B
(= S % =

b
ohy B B3 B WD L) -] Lo Oy L ]

o
.
o

-
o]

outflow
KEg

B2
o
28
Ll
27
47
4.4
diid
i
12
30
13

3.1E+002

W

L 9L
.86
20
21
S
+HL

822.
821.
298G
BEd.
822
B22.

821

g21.

aoo
282

aoc

000
ooo

2843



ADR
MY
JUN
JUL
AUG
SEP
QoT
MOV
DEC

otal

ollutant:

onth ERetention

JAN
FEB
=
B
MR
JUN
JUL
BG
SEFP
2CT
MoV
DEC

otal

allutant:

onth Fetention

]
FEP
MAR
LER
MAY
JUN
JUL
aluG
SEE
SN
qov
DEC

stal

Grain Size

000
002
.004

Fetcentiocn

0.00 .46 0.77 0.14
a.z24 10 3.1 6.8
4.09 5,2 2.0 4
c.00 0.44 0.63 B
Q.00 Q.89 0.78 .13
24 .67 3 1.4 0.34
20.05 g i B 1.8 1.7
4,468 &.2 2.6 b
Fu2g 3 i R 2 H R
o100 50 22 26
TH (Kg)
Inflow Retenticn Outflow
({Days) Kg Kg Kg
B33 24 6.9 15 B
0.00 5.3 £ K 1.6
7.8 15 o B B2
0,00 L2 2 0.38
8.24 32 2 i 21
4.09 19 2 12
.00 1.2 1.8 0.55
0.00 2.2 A 0.41
24 .87 2 4.3 0.98
20.05 8.3 4.9 4.3
4.46 18 7.3 9.5
3.28 T8 4.5 3.8
&.5L0 1.4E+002 £2 T4
TP (Kg)
Inflow Retention Cutflow
(Days) Kg Kg Kg
.33 2.4 0.6 1.2
Q.00 0D.68 G.é§ 0.11
7.81 1.7 Q.84 0.93
0.a40 0.2 0.38 0.024
B.24 2.9 0..F5 1.9
4 .09 L9 0.78 1.3
Q.00 .21 0.33 0,043
0.00 0.3 [ B 0.033
24 .67 Q.95 0.48 Q.18
20.05 il 0.64 0.47
4 .48 LD 076 Y::)
g 0.98 0.682 0.45
&.10 15 6.8 P bt
ond Sediment Grading Distribution
Inflow
mm Kg Kg %
- D.002 4  BE+002 1.9E+002 40 ,.0L
- D.004 1.2E+002 1E4+002 g3.18
- 0.014¢ 1.6E+002 1.6E+002 95,22
- .4220 1.2E+002 1.2E+002 99.%0

o (R o O e |

98 i e e

Cum %

40
48
58

B4 .

.01
Bl
s o

5d

cntflow
Kg

2.7E+002
21,

6.2

o, 12



el =
040 -
GEd e
180 =
320 -
LB00 -
000 -
000 -
.goo -
000 -

o TR £ B 6 I o e T e e I o ot

-

Total

fean Depth

fean Hydraulic Residence Time
fean Depth / Hydraulic Residence Time: 37.22 m/yr

.40
.080
.160
320
500
.000
LA00
.ooo
10.000
899,000

mk=o D oaooo

2l ™

L b

.3E+002
LSE+002
L3E+002
LAE+Q02

28
44
44

LAE+002

48

.4E+003

oL b L

L3E+002
L3E+002
.3E+002
LAE+002
28

44

44
LA4E+002
48

]

LAE+003

0.06712 yrs

100,
100.
100.
100.
100.
.00

100

100.
100.
100.

EL..

e,

oo
oo
00
0o
oo

oo
00
ao
[434]

88

74 .
T2
B
B4 .
A5
84 .
83,
LE1
6.
86.

B4

8a

Be .,

04
53
10
24

T8
0s

g8
g4

gs

2.59E-0086

OO0 000 g oD

IE+002



TUL 0.75 0.23
P uje .53 J.29
EP 4 .07 0.35
w7 4,83 0.4%2
OV 10.48 0.43
JEC 3,82 0.8582
stal 80,89 4.1%5
g, 0.22 0.01

ssin Pollutant Retention

snth Retention Inflow

(Days) Ko
JAM LR 38
T3 0.00 6.6
e g.12 22
Ei. g.00 L.3:
MAY 6.31 48
JIIMN 2.80 28
JUL 0.00 s i
LG 2.33 2.6
SEP 22.585 12
OCT 26 .26 1l
NOW 3.5940 25
DEC 4,93 17k
otal 6.80 2E+002

ollutant: S8 (Kg)

onth Retention Inflow

(Days) Kg
uiﬁ 0.33 3.1E+002
FE. 0.00 54
MAR 9.,1% 1.8E+002
APER 0.00 9
MAEY 6.31 2 .8E+002
JUUN 2.80 2.1E+002
JUL 0.00 8.5
BTG 2.33 21
SEFP 22.56 95
oCT 26 .26 93
NOW 3.90 2.lE+002
DEC .93 93
‘otal .60 1.7E+003

‘ollutantc: TEN (Kg)

tonth Retention Inflow

(Days) Kg
JAN Qi e
FEB Q.00 1.4
MAR, .19 3.8

53
.40
i
L4l
il
Pk

[
(PR B T S W B e |

-]
oy
i3
=%

ikl

(=]

Retention
Eg

[ = o
s Bial s B3 WD
LA b b L R

R
ok b

1.3E+002

Eetention
Kg

_SE+002
5%
1.6E+002
16
3.1E+002
1.8E+002
14

20

84

38
1.8E+002
89

ta

1.5E+003

Fetention
Kg

.00
.00
.00
.00
.00
.00

s R e e s

.00
.00

O

Outflow
Kg

st
0.18
0.94
0 .85
el

0.06e59
0.042
0.068
0.45
1.6
0.4

12

outflow
Kg

43
A5
18

1

67
35
1.4
0.42
0.B2
8.4
28
T

Z2.1E+002

cutflow
Kg

& i
L8 J T
2

in b tnw

.34
i
.24
.34
.34
.34

822

821

.000
I
g22.
B22.
822 ;
g23.

987
ooo
aoaQ
Qoo
goo

<288

1%



WJUALM Version

nput File

utput File

.1; June 1535

O AWPSMNAQUALMX P \narrala.dat

lonth Eain

mm
JAN 159.4
FEB i e
MRE 1052
LAPE 18.7
MAY 218,83
JUN 895.8
JUL .2
BUE 40.9
SEP 126.8
QT 104.7
NOW 154.7
DEC Te.4
'okal 1122 .8

'stal Runoff and Pollutant

Runcff

b=t B =
b Ol e O O B O O] e L

’n‘-.

80

M1

.39
.88
A |
Es
.66
T8
s
.63
. L
L8B3
.48
81

.85

BOD
Kg

38
6.6
22
Tal
46
28
b o
2.5
12
FEH
25
16k

ZE+002

lonth Runcff
M1
JEN 12.4
FEB 1.88
MAR T.0L
EPR 0.548
MAY 6. b
JUN 12.8
JUL Q.7TRS
AUG 0.£92
SEP 4.07
QCT 4.83
NOV bl 2 S
DEC 3 .81
'‘otal 80,2

BOD
Kg

38
6.6
22
X1
&
26
o,
2.6
1z
3 |
25
f i

2E+002

ond Simulation Results

onth Inflow

(M1)
JAN A L B
FER 1.88
MAE T7.0%
ADPE g.558
MAY 20.65
JUM 12.76

3.1E+002
54
1.8E+002
S
3.8E+002
2.1E+002
8.6

21

Se

53
2.1E+002
973

1.7E+003

CAWPSNAQUALMEP\narrapla.out

S8
Kg

LLE+00Z

54

.BE+Q0Q2

g

.BE+002
L1E+002

8.6
21
56
53

1E+002

23

.TE+00O3

o ]

WORIRI e D] W ]

a..:_n.\\.d_uq..p:;g
0% S T W T Y = Y = A P s Y = W s ] (]

Lad
n

Spill
(ML)

00
L80
L0
.00
.00
+ N

[om: T i e Y e vt R v |

Torp 1l 749 ha
TEN TH
Kg Kg
5.9 1B
1.4 3.6
3.8 1l
0.31 0.83
7.4 27
4.4 l&
Q.3 0.8¢
Xass 4.
N 5.8
2l [
4.3 14
2 5.5
35 1.1lE+002
TH TF
Kg Kg
138 Lk
3.6 Dasil
1l 153
0.E83 .18
27 I
1l 1.
0.B8 LB
Lol 0.23
5.8 0.73
[ 0.8
14 1.4
5 3 0.73
1.1E+002 LL
Volume Stage
(M1) {(m}
5.34 822.000
5.34 822.000
5.34 822.000
5.34 g22.000
5.34 522.0040
5.34 822.000



JEZE =
040 -
.80 -
AE0 -
LI2L =
B0 =
000 -
000 -
.eog -
000 -

DnMPOoOOoOOoOoo o

=2

Total

zan Depth

zan Hydraulic Residence Time
san Depth / Hydraulic Residence Time: 37.87 m/yr

.040
0B
.160
320
.500
. 000
.000
elelel
10.0400
999.000

mpHEOOQoo o

e

L3E+CO02
L3E4+002
L3IE+0G2

54
LE
30
30

CTE+002

33
0

LTE+003

[ B % B S

L3E+002
3IE+002
LIE+00Z
94

19

30

30
LTJE+QOZ
a3

0

.5E+003

0.06598 yrs

100.
100.
100.
100.
100.
100.
100.
LE0s
100.
.00

6.

oo
o
ao
go
00
o
0
oo
oo

58

T3

a2

B84
84

Ba

aa.

.45
18,
i B
83.
84 .
<43
=
6.
8a6.
.58

06

87
10

31
58

58

5.7E-00Q

DO 00000 m

2.1E+00Z2

%



ALR
MAY
JUN
JUL
AUG
SEF
OCcT
NOWV
DEC

‘otal

‘'ollutant: TN (Kg)

.00
vy
L8O
.00
R
56
.26
.30
2 3

[N
B oy b D MM D

6.60

ionth Retention

JAN
FEBE
MAR
AFPR
MAY
JUN
JUL
AUG
SEP
CCT
NOWV
DEC

'otal

ollutant: TP

(Days)

Sl
.00
o
.00
el
.80
.00
W i
- 56
w28
+50
w53

[N
B RO R RO WO OO

o

60

onth Retention

JAN
FEB
MAR
AFR
MAY
JUN
JUL
AUG
SEP
ocT
MOV
DEC

otal

(Days)

AR
L00
18
.00
]
-840
. 34
S e
.56
.26
30
« 23

b3 B2
TR I 0 U 50 I T o R R R e T O e O

& .88

(Kgl

ond Sediment CGrading Distribution

o Y o O e B

Grain 8ize

.000
.0ez2
004
010

[T

- 0.002
- 0.004
= QeLe
- 0,020

Retention

0.31 .53 0.12
T.4 b =T
4.4 1.8 2.9
B3 0.42 G2
0.52 0.49 0.064
o =i L=l 0.19
2.1 X 12
4.3 L7 2.4
2 1.2 0.91
35 15 18
Inflow Eetention outflow
Kg Kg Xg
19 5.4 e )
3.6 & L2
pAHE iR i)
0.83 155 0.34
27 7.4 19
16 6.4 10
0.88 l.4 0.48%
1.5 1.5 0.25
5.8 3 0.4
.3 3.6 i e
14 5.5 ey
5.6 3.4 B
1.1E8+002 47 &0
Inflow Retention Cutflow
Kg Kg Kg
1.7 0.44 0.85
0.51 0.34 0.087
1.3 o.e4 0.65
0.18 0.29 g.03
2.2 g.55 1.5
1.5 g. 58 1
0.2 2T 0.03
G2 3 0.1ls g.018
0.73 0.36 i (57
0.8 g5 .39
1 | Rt .83
0sr3 0.48 g.32
11 5.2 5.8
Inflow
Kg Kg %
3.3E+002 1.3E+002 39.06
g6 T0 81.65
1.1E+002 1.lE+002 a95.75
285 8E 99,86

cum %

39
a7

683

08
.74
5%.
!

23

Cutflow
Kg

1.3E+002
16

4.8

. 12



WJALM Version : 2.1; June 1535

sput File : C: \WPS\AQUALMXP\narrala.dat
itput File : C: \WPS\AQUALMXP\narraplb.out

inual Report for Node "NAR1pll.3", 31/12/1985 PonD 1 [19ha "URBAN"
yjeal Runoff and Pollutant Loads
»nth Rain Runof £ BOD Ss TKI TN TP
mm M1 Kg Kg Kg kg Eg
TAN 159.4 15.38 g 4 ,.68E+002 8.4 24 2.4
*EB 78,2 2.40 9.9 80 Biviali i 0.88
ABE 105.2 g8.41 32 2. 6E+002 507 L5 Toad
APR 167 0.55 1.8 13 0.45 Lrogd 0.2
j 218.8 206,33 £7 5.5E+002 10 32 2.9
Jul 5.8 12.68 37 JE+002 6.2 s 1.9
TOL 6.2 N.&66 P 12 0.44 1.2 o i
ATIG 40.9 0.92 3.9 32 0.85 2.2 0.3
FEF 125.8 4,72 17 1.4E+002 .| B8 0.986
JCT 104 .7 5.10 1& 1.3E+002 e 8.3 1
qOV 164 .7 11.23 a7 3E+002 6.2 18 1.9
JEC 76 .4 4.49 17 1.4E+002 3 7.9 0.96
atal 1152 .8 87.87 3E+002 2.4E+003 50 1.4E+002 15
stal Runoff and Pollutant Loads
onth Runoft BOD 55 TN TH TE
M1 Kg Ko Ker Kg Kg
JAN 15.4 5g 4.6E+002 B.4 24 2.4
FEB 2.4 9.5% 80 @ik L 0.68
R 8.41 32 2.6E+002 5,7 15 1.7
apF 0.5486 1.6 13 0.486 1.2 0.2
MR 213 67 E.SE+002 10 32 2.9
JUN 12.7 37 AE+002 6.2 12 |
JUL 0.665 L 12 0.44 1.2 0.21
LUG 0.917 3.9 32 0.89 22 0.3
SEP 4 .72 17 1.4E+002 3 a2 0.%9&
oCT 5.k 18 1.3E+002 3.1 8.3 1
now b e 37 IE+002 6.2 18 1.8
BEC 4.49 17 1.4E+002 3 7.9 g.96
'obkal 87.9 IE+00Q2 2.4E+003 &0 1.4E+002 15
end Simulation Results
lonth Inflow Evap Cutflow Spill Volume Stage
fM1} (ML) (M1} (ML) (ML) {m}
JAN 15.38 0.46 14,92 0.00 §5.34 822,000
FEB 2.40 .29 e nint i G.00 5.34 822.000
MAR 5.41 0.35 85.08 0.00 5.34 g822.000
APR G 5% 0.28 g.27 0.80 5.34 822.000
MAY 21.33 g. 23 21 418 g.00 5.34 822 .000
JUN 12 .68 0.21 A AT g.00 .34 E22.000



JUL 0.e8
AlUG 0.92
SEP 4 .72
oCT 5.10
moy I1.23
DEC 4.49
Total 875,87
Avg, .24

i3
.25
Rl
A2
.43
W22

e B i B i e Y e [

e s
.01

Basin Pollutant Retention

Pollutant: BOD (Kg)

Month Retention
(Davs)

JAN 0.33

FER I

MLE £.12

APR i [ e 2

MAY 8.52

JUN 2.80

JUL 0.00

ATG 2.39

SEP 2140773

QCT 15.48

NoV 4 .17

DEC 2058

Total L )

Pollutant: 338 (Kg)

Month Retention
{(Days)
JAN 033 4.,
FEB L.37
MAR 65,12 24
APR 1.18
MAY 8,82 =
JUM 2.80
JUL Q.00
AlTGE 2238
SEF 21.73 1.
oCT 15.4¢6 T
NOV 4.17
DEC 2.59 1.
fotal .50 I,

*ollutant: TEN (Kg)

fonth Retention

(Days)
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