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Purpose

The god of this study is to develop arecommendation for a pollution control strategy to help protect
the beneficid uses of The Upper Hornéd River. Theriver isan increasingly important body of water
in the eastern Sovak Republic. Theriver servesto supply domestic water and supports an
important fishery. Also, astourism beginsto increase in the area, maintaining acceptable water
quality in the river will become increasingly important. It isessentid that the river water quality does
not become impaired resulting in destroying important fisheries, making water impotable for
domestic use, and driving away tourism and recrestion dong with the potential economic benefits
these activities bring to the people of the locad area.

The objective of the study isto create awater quality model to help prepare dternative solutions for
protection of the Upper Hornad River. Various pollution control dternatives can be assessed using
the water quaity modd. These dternatives can then be posed in community forums for discusson.
When locd acceptance of an dternative begins to form, implementation of the pollution controls
should be easier to achieve than if the controls were mandated from the government.

Water Quality Criteria and Beneficial Uses of Waters

Water qudity criteria specify concentrations of water constituents which, if not exceeded, are
expected to result in protection of the beneficid uses of the water. Such criteria are derived from
scientific facts obtained studies that measure effects of different concentrations on particular water
uses. Often times these criteria are adopted by governments as standards, and therefore are binding
to law. However, many criteriaare not officidly adopted as standards and are used for advisory
puUrposes.

The criterion for ammonia that gpplies to streams in the Upper Hornad Watershed protects for the
support of aquatic life. The following ammonia criteria have been adopted as sandardsin the
Slovak Republic to protect aguatic life in rivers and streams (STN 75 72 21).

Beow 0.3 mg/L = Very Clean Water

Below 0.5 mg/L = Clean Water

Beow 1.5 mg/L = Polluted Water

Bdow 5.0 mg/L = High Levd of Pollution
Over 50 mg/L = Vey High Leve of Pallution

ahrhwpnE

Upper Hornad Watershed Characteristics




The study area covers the Upper Hornéd River watershed upstream of Ruzin Reservoir in the
eastern Slovak Republic (Figure 1). The Upper Hornéd River accounts for 1146 square kilometers
(59%) of the areathat drainsto Ruzin Reservair.

The Upper Hornad River watershed was ddlineated into 17 subbasins for modding andyss (Figure
2). These subbasins were named for the purposes of this report according to the mgor loca stream
or city within that area. Land cover data were obtained from the third hierarchy CORINE
geographic information system coverage devel oped from the European Phare Project methodology.
This land cover information was intersected with the subbasin delineation's to alow modeing of
nonpoint source phosphorus loads within each area (Table 1).

Point source discharge locations were identified on the rivers and streamsin the watershed. Only
sgnificant sources were used in the modeling based on atotal annual loads of 0.3 metric tonnes of
biologica oxygen demanding substances. From this information, trestments levels were estimated
and expected nutrient loads were compiled from published Technicd literature (Table 2).

Review of Monitoring Data

Three types of monitoring data are required to develop the water quaity mode: climate, stream
flows and concentration of water quality congtituents. These data were compiled for the years of
1996 and 1997. Of the data received, the period from April 1996 to February 1997 contained
sufficient data to run the modd.

A review of the water quaity data collected in the watershed showed that ammonia concentrations
are generdly the highest at the stations below the City of Spisskda NovaVes a Hornad River
kilometer 124.6. This observation is expected Snce anmoniais generaly found in high
concentrations in municipa effluent. These data were collected by the Bodrog and Hornéd River
Watershed Management Company.

The two highest vaue of total phosphorus measured in the Hornéd River for the sudy period were
1.505 NH;-N mg/L in February 1997 at river kilometer 92.1 and 0.944 NH,-N mg/L in June 1996
at river kilometer 124.6. Data collected on these dates represent the most critical conditions and
were used for the modd cdlibration and validation, respectively. These high anmoniavaues are
considered a"Polluted Water" according to the officid water quality standards adopted by the
Slovak Republic (STN 75 72 21).

Water Quality Model Construct




QUALZE isacomprehensve, one dimensiond, steady-dtate stream water quality model supported
by the United States Environmental Protection Agency (EPA, 1987). The modd has been widely
used to determine pollutant loading and response in rivers and streams. The modé is cgpable of
smulating up to 15 water quaity congtituentsin any combination. QUALZ2E was used in this sudy
to mode the accumulation, assmilaion and routing of anmoniain the Upper Hornad River
watershed. All other conventional congtituents (e.g. other nitrogen forms, phosphorus, BOD) were
aso modeed to better represent the inter-rel ationships between these substances in flowing waters.

Theriver system was divided into 18 reaches for the modding (Table 3). Each reach was sdlected
based on locations of tributary inflows and assumed to generdly represent uniform. Each reach is
further divided into computational € ements with alength of 1 kilometer, which have uniform steedy-
state concentrations of modeled condtituents.

The mode was cdibrated using the data collected in with February 1997 and validated with June
1996. Thefirgt step in the andysis was to baance the flows for both modeled time periods. Flows
within the watershed were baanced using gauged flow data from the same day as the water qudity
measurements were made and adjusting the incrementa flow for each mode reach accordingly.
Climatic data from two meteorologica stations were used to for specific mode reaches and
estimates were made for information that was not measured (Table 4).

Significant point source loading values measured and estimated (Table 2) were input into the
gppropriate modd eement according to the discharge location. Nonpoint source loading were
input into each model e ement based on the area of land cover in each the subbasin. The third
hierarchy of land covers from the CORINE geographica information system coverage was used
with published studies which measured nonpoint source loading (Tables 5 and 6). Characteristics of
the published study Sites were matched as closdy as possible to smilar characterigticsin the Hornad
River watershed.

Modd output was compared to data collected from Stations at Hornéd River kilometers 92.1,
100.7, 124.6, and 136.4 by the Bodrog and Hornéd River Watershed Management Company.
Cdlibration was conducted by adjusting process parameters (e.g. dgd settling rate, maximum agd
growth rate) in the model using the constant state variables from February 1997 described above
(Table 7). Cdibration adjustments of model parameters were made within acceptable ranges until
model output reasonably matched measured concentrations (Figure 4). Validation was conducted
by using the same parameter vaues determined through cdibration with the sate variables for June
1996 (Figure 5). The vaidation data showed that model performance can has an explained
variance of 96% in predict measured conditions (Table 8).

Ammonia Loading Analys's




The cdibrated water quaity model was used to determine the effect of ammonialoads entering the
river. The mapped results of the cdibrated and vaidated models show that only two of the
sgnificant point sources are casuing the river to exceed class |l sandards Figures 6 & 7). Most of
the impact from point sources comes from two municipa discharges: VK Spisska NovaVesand
VK Levoca The river does not gppear to assmilate much of thisloading. (Figures4 & 5). There
are many different treetment methods that can be used to remove ammonia from municipa
wastewater (Table 9).

Ammonia Loading Reductions

Edtablishing a srategy for meeting water quaity Sandards ng the reduction in loads of
specific pollution control activitiesto achieve god or targets. The cdibrated water quality model
was used to estimate the effect of various pollution controls on ammonia concentrationsin the
Upper Hornad River. The mgjor source of ammonialoading to the river is domestic wasteweter.
The water quaity modd was run to test the predicted effect on for four wastewater trestment
scenarios using the maximum expected reductions shown in the literature (Tables 9 & 10).

Thefirg isto upgrade the Spisskad NovaVesfacility. The treetment option tested with the model
was bacteria assmulation. This treatment process varies depending on the actud Stuation it is
goplied. In generd, it involes the remova of ammonia using different varieties of bacteriathat go
through ntrification and dentirtification processes. The process can easly be adapted as a part of
the unit operations typicaly used for secondary trestment, thereby reducing the overdl costs. The
model predicts that upgrading the Spisska Nova Ves facility discharge using bacterid assmulation
will result in meeting Class |l standards for "Clean Water" everywhere on the Hornad River, but not
on Levocsky Creek (Figure 8).

The water qudity modd was dso used to predict the effect of upgrading treatment for the domestic
wadte discharging to Levocsky Creek from the City of Levoca. Again, the treetment option tested
for ammoniaremova with the mode was bacterid assmulation. The mode predicts that upgrading

the Levoca facility discharge using bacteria assmulation will result in meeting Class |1 standards for
"Clean Water" only on the Levocsky Creek, but not on the Hornad River (Figure 9).

The water quaity model was also used to predict the effect of upgrading trestment for both
domestic waste facilities at the Cities of Levocaand Spisska NovaVes. Again, the treetment
option tested for anmonia remova with the model was bacterid assmulation. The mode predicts
that upgrading both the Levoca and Spisska NovaVes wastewater trestment facility discharges
using bacterid assmulation will result in meeting Class |1 sandards for "Clean Water" for dl waters
in the Upper Hornad River Watershed (Figure 10).



Sinceit is obvious that these two wastewater treetment facilities must be upgraded to meet anmonia
gstandards in the watershed, another treatment option was tested with the model. Even though
bacterid; assmulation is a prefered option for ammoniaremova dueto it's lower relive cost and
ease on integratiion into seconadry trestment operations, it will require more land areato apply.
Limitations of land areas for building new treatment processes are common in urban aress. These
limitation may forcethe look a using a different treetment option than bacterid assmulation. Air
Stripping is another method of ammoniaremova that is less costly than many other approaches,
uses little land area for operation, and has a high remova efficiency (Table 9).

The water quality modd was used to predict the effect of upgrading treetment using an air stripping
operaion for anmoniaremova from both domestic wastewater treatment facilities at the Cities of
Levocaand Spisska NovaVes. The modd predicts that upgrading both the Levoca and Spisska
Nova Vesfadilities discharges usng will result in meeting Class |1 sandards for "' Clean Water” for
al watersin the Upper Hornéd River Watershed (Figure 11).

Recommended Pollution Reduction Strateqy

In order to achieve "Clean Water" standards (Class I1) in the Upper Hornéd River watershed, both
of the wastewater facilities at the Cities of Levoca and Spisska NovaVes must be upgraded to
remove ammonia from their discharges. The recommended trestment option isto integrate bactreid
assmulation into the secondary treetment process. One complication to gpplying this
recommendation is the financing structure for wastewater treatment used in the Slovak Republic.
Currently, the communa management company must finance their own systems. In these cases,
municipa wastes are defined as toxic wadtes, o financid congraints gpply. This Stuation makes it
difficult for communities and industrid facilities to obtain funding to upgrade wastewater trestment
fadlities

The best way to establish this Strategy is through an iterative process between technicd analysis and
consultation with treatment plant managers. The processis started by introducing the results of
receiving water qudity from various treatment options from the water quality modd. The
information could aso be presented in various public forums, community meetings, or specid
workshops for affected parties to help obtain public support. Suggested modifications to the
treatment options could be tested with the modd. Through this iterative process a consensus may
be formed on what is achievable paliticaly and economicadly. After the wastewater trestment
faclities are upgraded, water quality monitoring should also be conducted to verify that the
expected results are being achieved.

Recommendations for Further Study

This report should be consdered as the firgt step in the cleanup of pollution. Aswith al modeling
exercises, the andysis presented here used many assumptions to provide results. It issmply not



practical to measure every parameter needed for the modd. As such, there are many improvements
that could be made in the mode and predictions with more monitoring data and more sophisticated
techniques. Below is listed some recommendations that could be pursued:

Enhanced monitoring of sreamswithin the watershed. Only two parties are now monitoring a
limited number of stationsin the watershed. The monitoring program coordinated by SOSNA does
not collect data during winter months. Increasing the number of stations to include the mouths of
each on the tributary subbasins could provide be used to recdibrate the model. At a minimum, the
monitoring of the water downstream of the treatment facilities should be increased both spatidly and
temporally to assess effectiveness of the controls.

Obtain local land use export loading values. All of the loading estimates for nonpoint sources
was obtained from data published in the literature. Even though efforts were made to select vaues
based on smilarities in other factors (e.g. weather, crop types, etc), actud export loading values are
likely to be somewhat different. Loca gray literature may have better estimates of these values.
Also, some monitoring of specific land covers may be used to obtaining better values.

Additional monitoring data from point sources. The data obtained for the point sources was
limited. Many of the effluent concentrations and trestment levels were assumed based on the
information obtained. Only mean vaues were used for the modeling. Knowledge of daily maximum
vauesfor each of the input parameters would greetly improve the modding estimate. A didtribution
of effluent concentrations and flows over time would alow assessment of risks.

Stochastic modeling should be conducted to providerisk assessment of viable approaches.
The results presented are given in deterministic answers. These are Smple to understand, but do
not reflect the variability associated with various congtituents used in the model. The model used
was cdibrated usng the worst case Situation measured of the data obtained. There was other
periods of time for which water quaity pollutant levels were lower. Knowledge of the distribution
of these variables could be used in aMonte Carlo modeling approach to give answers described in
risk-based terms. Thistype of andysis would provide results related to the frequency that a
particular criterion would be exceeded, instead of the absolute result provided by modding steady
date at critical conditions.
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Table 1. Land Cover Aress of Subbasins Modeled in the Upper Hornéd River Basin

Subbasin Area Urban Agriculture Forested

Name hectares | hectares | Percent | hectares | Percent | hectares | Percent
Bdlanovce 2,778 221| 8% 213| 8% 2,345 | 84%
Branisko 11,232 4,188 | 37% 5611 50% 1433 13%
Brusnik 4,214 214| 5% 530 13% 3469 82%
Ganovsky 3,344 485 | 15% 1,829 | 55% 1,029| 31%
Holubnica 6,004 528 9% 501 8% 4975| 83%
Kolinovce 5,011 744 | 15% 1,529 | 31% 2,737 | 55%
Levocsky 15,425 1,944 | 13% 5197 | 34% 8,284 | 54%
MarkuSovce 2,206 646 | 29% 321 15% 1,238 | 56%
Matejovce 12,468 3,998 | 32% 5213 | 42% 3,258 | 26%
Olenava 6,809 3,787 | 56% 1,361| 20% 1661 | 24%
Richnava 9,471 395 4% 6,350 67% 2,726 | 29%
Siavnik 1,209 85| 7% 272 22% 851 | 70%
Sovinsky 7,694 411 5% 3615 47% 3,667 | 48%
Tomasovce 6,651 487 7% 252 | 4% 5912 89%
Vd'ka&Bida 4,512 6| >1% 466 | 10% 4,040 | 90%
Vernarsky 4,089 146 | 4% 414 | 15% 3529 86%
Vidkartovce 11,442 2721 2% 2,617 23% 8552 | 75%
Entire Basin 114,557 | 18,558 | 16% 36,292 | 32% 59,707 | 52%
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Table 2. Characterigtics of Significant Point Sources in the Upper Hornad Watershed ©

Fecility Name © Location Waste Trestment Flow | BODs | Org-N [ NH; [ NO, | NO;3; | Org-P| PO,
@ Type ® Levd ® | (0s) | (mgL) | (mgl) | (mgL) | (mglL) | (mgL) | (mglL) | (mglL)

@ @ @ @ @ @ ® @

Vergnakandizacia Horné&d Domegtic | Secondary | 0.2550 | 14.0 | 6.1 7.9 019 (130 |050 |1.60

Spisska NovaVes km 127.4

Vergnakandizécia Levocsky | Domedtic | Secondary | 0.0530 | 20.0 | 6.1 7.9 019 |130 |050 |1.60

Levoca km 15.2

Farma oSipanych Hornad Animd None 0.0009 | 60.0 | 39.2 80.0 |0.08 |30.80|1.00 |330

Sp. Vlachy km 109.7

Sp. kamenopriemysd Hornad Quarry + | Dilutionof | 0.0003 | 43.7 | 3.8 6.3 002 |0.05 |080 |250

p. Vlachy km 107.2 | Domedic | Raw 4:1

Vergnakandizécia Branisko Domedtic | Secondary | 0.0011 | 28.0 | 6.1 7.9 019 |130 |050 |1.60

Sp. Vlachy km 1.4

Zdba Solvinky Sovinky | Mining NA 0.0059 | 3.7 0.2 0.2 009 |270 |0.02 |0.05

Odtok z odkaliska(2pts) | km 4.4

Vergnakandizacia Sovinky | Domedic | Primary 0.0025 | 90.0 | 13.0 220 (006 [019 |1.60 |7.70

Krompachy (pt 1) km 0.9

Vergnakandizacia Horn&d Domedtic | Raw 0.0110 | 140.0 | 15.0 250 (006 |[0.19 |3.00 |210.00

Krompachy (pt 2) km 98.8

Vergnd kandizécia Hornad Domedtic | Primary 0.0025 | 849 | 13.0 220 |006 |[019 |160 |7.70

Krompachy (pt 3) km 97.2

Kovohuty Hornad Mining NA 0.0231 | 59 0.2 04 004 |420 |003 |0.15

Krompachy (pt 1) km 97.8

Kovohuty Hornad Mining NA 0.0319 | 59 0.2 04 004 |420 |003 |0.15

Krompachy (pt 2) km 97.5

SEZ Krompachy Hornéd Power NA 0.0315 | 5.7 0.2 04 0.04 |420 |(0.03 |0.15

km96.6 | Pant




Vegnakandizacia Hornad Domedtic | Raw 0.0030 | 187.0 | 15.0 250 |0.06 |[0.19 |3.00 [10.00
Margecany km 83.2

Footnotes to Table 2;

NA = Not Applicable for nutrients. Used background ambient water quality data provided by Bodrog and Hornéd River Watershed
Management Company.
@ Significant is defined as point sources with a annua mean load greater than 0.3 metric tonnes per year.
@ Information provided by by Bodrog and Hornéd River Watershed Management Company.
® Assumed from the BODs levels (for domestic wastewater per Leo, et a. 1984 and Thomann, 1972).
@ Edtimated from assumed treatment (for domestic wastewater per Mudler, et d. 1982 and Metacalf and Eddy, 1972
for swine wastewater per Gupta and Kdley, 1990).
® Difference between Tota P and Ortho-P (for domestic wastewater per Mueller, et a. 1982).
® Information provided by Nadacia SOSNA




Table3. Modeled Stream Geometry of the Upper Hornad Basin

Reach Reach Name Length | Begin Reach | End Reach

Number (km) (km) (km)
1 Hornad River - Vidkartovce 18 178 160
2 Vernarsky Potok 14 14 0
3 Hornéd River - Spissky Siavnik 7 160 153
4 Ganovsky Potok 11 11 0
5 Hornad River - Bdlanovce 5 153 148
6 Ve'kaBidaVoda 19 10 0
7 Horné&d River - Spisske Tomasovce 13 148 135
8 Hornad River - Holbnica 5 135 130
9 Brusnik Potok 19 19 0
10 Horn&d River - MarkuSovce 7 130 123
11 Upper Levocsky Potok 10 28 18
12 Lower Levocsky Potok 18 18 0
13 Hornad River - Mategjovce 9 123 114
14 Hornéd River - Olenava 7 114 107
15 Branisko Potok 20 20 0
16 Hornad River - Kolinovce 8 107 99
17 Sovinsky Potok 16 16 0
18 Hornad River - Richnava 16 99 83




Table4. Climate Vaues Used in Stream Modd

Wesather Station | Reaches Monthly Cloud Cover Dry Air Dew Point | Solar Radiation | Wind Speed
Applied to Mean from (frection of ky) | Temperature | Temperature | (Langley/hr)® | (meter/second)
@ (degree C) | (degree C)® ®
June 1996 0.58 15.2 114 140 8
Ganovce 1through12 | July 1996 0.60 14.5 11.4 140 8
(730 m elevation) Feb. 1997 0.49 -1.4 -5.4 80 8
June 1996 0.60 16.7 9.8 140 8
Spiska Vlachy 13through 18 | July 1996 0.69 15.6 9.7 140 8
(388 m devation) Feb. 1997 0.57 -2.5 -5.3 80 8
Footnotesto Table 4

@® Mean of daily vaues cdculated from daily mean relative humidity and air temperature (Lindey, et d. 1982)

@ Datanot avallable. Used monthly mean from Spokane, Washington, which has asmilar continental weether and |atitude.

® Datanot available. Used annud mean from Spokane, Washington, which has asimilar continental weather and latitude
@ Dataon Barometric pressure not available. Used median of acceptable range for the modd (1000 millibars)




Table 5. Non-Point Source Loading Rates used for Phosphorus Species, Biochemica Oxygen Demand, and Tota Suspended Solids

Land Cover Type CORINE | Dissolved Phosphorus | Organic Phosphorus BODs Loading TSS Loading
Level 3 L oading L oading
Code | (kglhalyr) | Reference | (kg/halyr) | Reference | (kg/halyr) | Reference | (kg/halyr) | Reference

Discontinuous Urban Fabric 112 0.63 8 0.47 8 19 12 210 12
Indugtrid/Commercid Units 121 2.39 1 1.78 1 19 12 210 12
Minerd Extraction Sites 131 0.87 1 9.20 1 19 12 210 12
Dump Sites 132 0.87 1 9.20 1 19 12 210 12
Sport and Leisure Activities 142 0.63 8 0.47 8 19 12 210 12
Non-irrigated Arable Land 211 0.22 3 0.43 3 18 10 450 6
Fruit Trees and Berry Farms 222 1.10 8 1.14 8 18 10 450 6
Pasture Lands 231 0.40 5 0.45 5 11 10 340 6
Cultivated Agriculture 242 0.32 2 0.33 2 18 10 450 6
Agriculturein Areas with 243 0.63 4 0.23 4 11 10 340 6
Mostly Naturd Vegetation
Broad-leaved Forest Lands 311 0.16 11 0.12 11 5 10 85 6
Coniferous Forest Lands 312 0.19 9 0.13 9 5 10 85 6
Mixed Forest Lands 313 0.27 7 0.01 7 5 10 85 6
Naturd Grassands 321 0.31 3 0.04 3 5 10 85 6
Schrublands 324 0.27 7 0.01 7 5 10 85 6

References:

1. Betson, 1978. 7. Krebs and Golley, 1977.

2. Burwell, et d. 1974. 8. Reckhow, 1980.

3. Burwell, et a. 1975. 0. Saminen and Beschta, 1991.

4. Campbell, 1978. 10.  Shahane, 1982.

5. Chichedter, et d. 1979. 11.  Timmons, et d. 1977.




6.

Horner, et al. 1986.

12.

U.S. EPA, 1983.



Table 6. Non-Point Source Loading Rates used for Nitrogen Species

Land Cover Type CORINE Ammonia Loading Nitrate L oading Nitrite Loading Organic Nitrogen
Level 3 L oading
Code | (kglhalyr) | Reference | (kg/halyr) | Reference | (kg/halyr) | Reference | (kg/halyr) | Reference

Discontinuous Urban Fabric 112 0.33 7 2.04 7 0.0408 10 3.14 7
Indugtrid/Commercia Units 121 0.83 1 5.62 1 0.1124 10 8.50 1
Minerd Extraction Sites 131 0.44 1 3.14 1 0.0628 10 9.20 1
Dump Sites 132 0.44 1 3.14 1 0.0628 10 9.20 1
Sport and Leisure Activities 142 0.33 7 2.04 7 0.0408 10 3.14 7
Non-irrigated Arable Land 211 0.29 3 1.57 3 0.0314 10 0.71 3
Fruit Trees and Berry Farms 222 1.35 7 1.08 7 0.0216 10 6.57 7
Pasture Lands 231 0.43 8 0.96 8 0.0192 10 2.89 8
Cultivated Agriculture 242 1.37 2 1.19 2 0.0238 10 7.08 2
Agriculturein Areas with 243 0.09 4 0.09 4 0.0018 10 1.92 4
Mostly Naturd Vegetation
Broad-leaved Forest Lands 311 0.19 9 0.09 9 0.0018 10 1.64 9
Coniferous Forest Lands 312 0.03 5 0.004 5 0.0001 10 0.06 5
Mixed Forest Lands 313 0.28 5 0.13 5 0.0026 10 0.82 5
Natural Grassands 321 0.80 6 1.00 6 0.0200 10 1.67 3
Schrublands 324 0.28 5 0.13 5 0.0026 10 0.82 5

References:

7. Betson, 1978. 7. Reckhow, 1980.

8. Burwell, et d. 1974 8. Schuman, et al. 1973.

9 Burwell, et a. 1975. 0. Timmons, et d. 1977.

10. Campbell, 1978.
11.  Gosz, 1978.

10.  Assume 2% of Nitrate Vaue per mean Proportion Observed at

Rudniansky Potok (not affected by a municipa point source)




12. Long, 1979.






Table?.

Input Filefor Calibrated QUAL 2E M odd

NI TRATE- N)

TI TLEO1 Upper Hornad 2/97 Fl ow

TI TLEO2

TI TLEO3 NO CONSERVATI VE M NERAL |

TI TLEO4 NO CONSERVATI VE M NERAL ||

TITLEO5 NO CONSERVATI VE M NERAL | I1

TI TLEO6 NO TEMPERATURE

TI TLEO7 YES 5- DAY BI OCHEM CAL OXYGEN DEMAND
TI TLEO8 YES ALGAE AS CHL-A IN UG L

TI TLEO9 YES PHOSPHORUS CYCLE AS P IN MG/ L
TI TLE10O ( ORGANI C- P; DI SSOLVED- P)

TI TLE11 YES NI TROGEN CYCLE AS N IN M&G L

TI TLE12 (ORGANI C-N; AMVONI A-N; NI TRITE-N; '
TI TLE13 YES DI SSOLVED OXYGEN I N MG/ L
TITLE14 NO FECAL COLI FORM I N NO./100 M-

TI TLE15 NO ARBI TRARY NON- CONSERVATI VE

ENDTI TLE

LI ST DATA | NPUT

NO WRI TE OPTI ONAL SUMVARY
NO FLOW AUGMVENTATI ON
STEADY STATE

NO TRAP CHANNELS

NO PRI NT LCD/ SOLAR DATA
NO PLOT DO AND BOD DATA

FI XED DNSTM CONC ( YES=1) = 0.

I NPUT METRI C = 1.
NUVBER OF REACHES = 18
NUM OF HEADWATERS = 8
TIME STEP ( HOURS) = 0
MAXI MUM ROUTE TIME (HRS) = 30.

LATI TUDE OF BASIN (DEG) = 49.
STANDARD MARI DI AN ( DEG) = 0.0
EVAP. COEF., (AE) = 0.0000068
ELEV. OF BASIN (ELEV) = 500
ENDATAL

O UPTAKE BY NH3 OXID(MG O/ MG N)=  3.50
O PROD BY ALGAE (MG OMG A) = 1.60
N CONTENT OF ALGAE (MG N MG A) = 0.080
ALG MAX SPEC GROWIH RATE( 1/ DAY) = 3.0
N HALF SATURATI ON CONST (M&L) = 0.150
LIN ALG SHADE CO (1/H UGCHA/L) = 0.0050
LI GHT FUNCTI ON OPTI ON ( LFNOPT) = 1.
DAI LY AVERAGI NG OPTI ON ( LAVOPT) = 2.
NUVBER OF DAYLI GHT HOURS (DLH) = 12.00

ALGY GROWTH CALC OPTI ON( LGROPT) = 1.

ALG/ TEMP SOLR RAD FACTOR( TFACT) = 0. 45
ENDATA1A

ENDATA1B

STREAM REACH 1. RCH= VI DKARTOVCE
STREAM REACH 2. RCH= VERNARSKY
STREAM REACH 3. RCH= SLI AVNI K

STREAM REACH 4. RCH= GANOVSKY
STREAM REACH 5. RCH= BELLANOVCE
STREAM REACH 6. RCH= VELKA- BI ELA
STREAM REACH 7. RCH= TOVASOVCE
STREAM REACH 8. RCH= HOLBI NCA
STREAM REACH 9. RCH= BRUSNI K
STREAM REACH 10. RCH= MARKUSOVCE
STREAM REACH 11. RCH= UPPER- LEVOCSKY

5D- ULT BOD CONV K COEF = 1. 46
OUTPUT METRI C = 1.
NUMBER OF JUNCTI ONS = 7
NUVBER OF POl NT LOADS = 11
LNTH. COMP. ELEMENT (DX)= 1.
TIME INC. FOR RPT2 (HRS)= 0
LONGI TUDE OF BASI N ( DEG) = 21.

DAY OF YEAR START TIME = 1.
EVAP. COEF., ( BE) = 0.0000027
DUST ATTENUATI ON COEF. = 0.13

O UPTAKE BY NO2 OXID(MG O/ MG N)=  1.00
O UPTAKE BY ALGAE (MG OMG A) = 2.00
P CONTENT OF ALGAE (MG O'MG A) = 0.015
ALGAE RESPI RATI ON RATE (1/DAY) = 0.300
P HALF SATURATI ON CONST (MJ L) = 0.025
NLI N SHADE ( 1/ H- (UGCHA/ L) **2/3)= 0.0165
LI GHT SATURATI ON COEF (INT/MN)= 0.03
LI GHT AVERAGI NG FACTOR (AFACT) = 0.92
TOTAL DAILY SOLAR RADTN (INT) = 400.00
ALGAL PREF FOR NH3-N (PREFN) = 0.90
NI TRI FI CATION I NHI BI TION COEF =  0.60
FROM 178. TO 160.
FROM 14. TO 0
FROM 160. TO 153.
FROM 11. TO 0
FROM 153. TO 148.
FROM 19. TO 0
FROM 148. TO 135.
FROM 135. TO 130.
FROM 19. TO 0
FROM 130. TO 123.
FROM 28. TO 18.



STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM

REACH
REACH
REACH
REACH
REACH
REACH
REACH

ENDATA2

ENDATA3

FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
FLAG FI ELD
ENDATA4

HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
HYDRAULI CS
ENDATAS

REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF

RCH=
RCH=
RCH=
RCH=
RCH=
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13.
14.
15.
16.
17.
18.

O~NO OO~ WNERE

RCH=
RCH=
RCH=
RCH=
RCH=
RCH=
RCH=

LOVER- LEVOCSKY

MATEJOVCE
OLCNAVA
BRANI SKO
KOLI NOVCE
SLOVI NSKY
RI CHNAVA
18. 1.
14. 1.
7. 4.
11. 1.
5. 4.
19. 1.
13. 4.
5. 2.
19. 1.
7. 4.
10. 1.
18. 2.
9. 4.
7. 2.
20. 1.
8. 4.
16. 1.
16. 4.
120. 00 0.28
120. 00 0.28
120. 00 0.28
120. 00 0.28
120. 00 0.28
120. 00 0.28
120. 00 0.28
120. 00 0.28
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REACT COEF RCH=
REACT COEF RCH=
REACT COEF RCH=
REACT COEF RCH=
ENDATAG6

N AND
AND
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N AND P
ENDATAGA
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ALG/ OTHER
ALG/ OTHER
ALG/ OTHER
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ENDATAGB
NI TI AL
NI TI AL
NI TI AL
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ENDATA7

I'NI TI AL COND- 2 RCH= 1. 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
I'NI TI AL COND- 2 RCH= 2. 0 0 0 0 0 0 0
I'NI TI AL COND- 2 RCH= 3. 0 0 0 0 0 0 0
I'NI TI AL COND- 2 RCH= 4. 0 0 0 0 0 0 0
I'NI TI AL COND- 2 RCH= 5. 0 0 0 0 0 0 0
I'NI TI AL COND- 2 RCH= 6. 0 0 0 0 0 0 0
I'NI TI AL COND- 2 RCH= 7. 0 0 0 0 0 0 0
I'NI TI AL COND- 2 RCH= 8. 0 0 0 0 0 0 0
I'NI TI AL COND- 2 RCH= 9. 0 0 0 0 0 0 0
I'NI TIAL COND-2 RCH= 10. 0 0 0 0 0 0 0
I'NI TIAL COND-2 RCH= 11. 0 0 0 0 0 0 0
I'NI TIAL COND-2 RCH= 12. 0 0 0 0 0 0 0
I'NI TIAL COND-2 RCH= 13. 0 0 0 0 0 0 0
I'NI TIAL COND-2 RCH= 14. 0 0 0 0 0 0 0
I'NI TIAL COND-2 RCH= 15. 0 0 0 0 0 0 0
I NI TIAL COND-2 RCH= 16. 0 0 0 0 0 0 0
I'NI TIAL COND-2 RCH= 17. 0 0 0 0 0 0 0
I'NI TIAL COND-2 RCH= 18. 0 0 0 0 0 0 0
ENDATA7A

I'NCR I NFLOW 1 RCH= 1. 0.575 1. 6. 1.85 0.00 0.00 0.00 O.0
I'NCR I NFLOW 1 RCH= 2. 0.244 1. 6. 2.07 0 0 0

I'NCR I NFLOW 1 RCH= 3. 0.029 1. 6. 2.06 0 0 0

I'NCR I NFLOW 1 RCH= 4. 0.140 1. 6. 4.05 0 0 0

I'NCR I NFLOW 1 RCH= 5. 0.066 1. 6. 1.81 0 0 0

I'NCR I NFLOW 1 RCH= 6. 0.246 1. 6. 1.45 0 0 0

I'NCR I NFLOW 1 RCH= 7. 0.411 1. 6. 1.85 0 0 0

I'NCR I NFLOW 1 RCH= 8. 0.156 1. 6. 3.52 0 0 0

I'NCR I NFLOW 1 RCH= 9. 0.118 1. 6. 3.52 0 0 0

INCR I NFLOW 1 RCH= 10. 0.094 1. 6. 4.30 0 0 0

INCR I NFLOW1 RCH= 11. 0.244 1. 6. 2.80 0 0 0

INCR I NFLOW1 RCH= 12. 0.244 1. 6. 2.80 0 0 0

INCR I NFLOW1 RCH= 13. 0.534 1. 6. 5.65 0 0 0

INCR I NFLOW 1 RCH= 14. 0.291 1. 6. 6.05 0 0 0

INCR I NFLOW1 RCH= 15. 0.490 1. 6. 8.32 0 0 0

I'NCR I NFLOW1 RCH= 16. 0.160 1. 6. 10.78 0 0 0

INCR I NFLOW1 RCH= 17. 0.330 1. 6. 2.94 0 0 0

I'NCR I NFLOW1 RCH= 18. 0.3083 1. 6. 12.70 0 0 0
ENDATAS8

I'NCR I NFLOW 2 RCH= 1. 0O 0.286 0.065 0.001 0.063 0.023 0.088
I NCR | NFLOW 2 RCH= 2. 0O 0.345 0.090 0.001 0.073 0.020 0.104
I'NCR I NFLOW 2 RCH= 3. 0O 0.409 0.084 0.002 0.086 0.026 0.095
I'NCR I NFLOW 2 RCH= 4. 0 0.712 0.096 0.004 0.203 0.106 0.184
I'NCR I NFLOW 2 RCH= 5. 0 0.292 0.079 0.002 0.098 0.021 0.080
I NCR | NFLOW 2 RCH= 6. 0O 0.235 0.068 0.001 0.046 0.011 0.072
I'NCR I NFLOW 2 RCH= 7. 0O 0.339 0.085 0.002 0.110 0.027 0.100
I'NCR I NFLOW 2 RCH= 8. 0O 0.540 0.136 0.004 0.182 0.043 0.151
I'NCR I NFLOW 2 RCH= 9. 0 0.564 0.147 0.003 0.165 0.041 O0.160
I NCR I NFLOW 2 RCH= 10. 0 0.711 0.116 0.006 0.301 0.078 0.180
I'NCR I NFLOW 2 RCH= 11. 0 0.423 0.067 0.003 0.158 0.063 0.110
I'NCR I NFLOW 2 RCH= 12. 0 0.423 0.067 0.003 0.158 0.063 0.110
I'NCR I NFLOW 2 RCH= 13. 0O 0.891 0.121 0.009 0.463 0.154 0.190
I NCR I NFLOW 2 RCH= 14. 0 0.971 0.107 0.010 0.524 0.145 0.221
INCR I NFLOW 2 RCH= 15. 0 1.394 0.144 0.012 0.599 0.203 0.333
I'NCR I NFLOW 2 RCH= 16. 0 1.469 0.218 0.011 0.572 0.231 0.434
I'NCR I NFLOW 2 RCH= 17. 0 0.422 0.063 0.003 0.129 0.064 0.121
I NCR | NFLOW 2 RCH= 18. 0 1.781 0.225 0.012 0.621 0.312 0.536
ENDATABA

STREAM JUNCTI ON 1 JNC= 1 18 33
STREAM JUNCTI ON 2 JNC= 2 39 51

STREAM JUNCTI ON 3 JINC= 3 55 75

[eNeNeNeoNeololNoloNolNolNolNolNoNoNoNoNoNo]
[eNeNeNeoNeoNoNolNoNolNolNoNoNoNoNoNoNoNo]



STREAM JUNCTI ON
STREAM JUNCTI ON
STREAM JUNCTI ON
STREAM JUNCTI ON
ENDATA9
HEADWIR- 1 HDWE
HEADWIR- 1 HDWE
HEADWIR- 1 HDWe
HEADWIR- 1 HDWE
HEADWIR- 1 HDWE
HEADWIR- 1 HDWE
HEADWIR- 1 HDWe
HEADWIR- 1 HDWE
ENDATA10
HEADWIR- 2 HDWE
HEADWIR- 2 HDWE
HEADWIR- 2 HDWE
HEADWIR- 2 HDWE
HEADWIR- 2 HDWE
HEADWIR- 2 HDWE
HEADWIR- 2 HDWE
HEADWIR- 2 HDWE
ENDATA10A

PO NTLD-1 PTL=
POl NTLD-1 PTL=
POl NTLD-1 PTL=
PO NTLD-1 PTL=
PO NTLD-1 PTL=
POl NTLD-1 PTL=
POl NTLD-1 PTL=
PO NTLD-1 PTL=
PO NTLD-1 PTL=
POl NTLD-1 PTL=
POl NTLD-1 PTL=
ENDATA11

PO NTLD-2 PTL=
POl NTLD-2 PTL=
PO NTLD-2 PTL=
PO NTLD-2 PTL=
PO NTLD-2 PTL=
POl NTLD-2 PTL=
PO NTLD-2 PTL=
PO NTLD-2 PTL=
PO NTLD-2 PTL=
POl NTLD-2 PTL=
PO NTLD-2 PTL=
ENDATA11A
ENDATA12
ENDATA13
ENDATA13A
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~N o 01 b

VI DKARTOVCE
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1VK SP. NOVA-
2 VK LEVOCA
3FARM SP. VLA
4VK SP. VLACH
5VK KAMEN VLA
6ZELBA SOLVI N
7VK KROVPACHY
8VK KROMPACHY
9VK3+KOVOHUT

10SEZ KROMPACH
11VK MARGECANY
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Table 8. Explained Variance of Measured versus Predicted Total Phosphorus

Modd Run | Date | Hornad M easur ed Predicted Coefficient of
River Ammonia Ammonia Determination
Kilometer | (mg NH,-N/L) (mg NH,-N/L)
Cdibration 7/96 136.4 0.164 0.160 0.41
124.6 0.936 0.940
100.7 0.546 0.650
92.1 1.505 0.660
Vadidation 2/97 136.4 0.140 0.210 0.96
124.6 0.944 0.640
100.7 0.452 0.440
92.1 0.429 0.430

Table 9. Maximum Nitrogen Reductions Expected from Various Wastewater Treatment

Operations or Processes (adapted after Metcalf & Eddy, 1991).

Treatment Operation or Process Per cent Reduction Relative
AmmoniaN | Nitrate-N Organic-N Cost
Conventiond Primary Treatment 0% 0% 20% Low
Conventional Secondary Treatment 10% 5% 50% Low
Electrodidyss 50% 50% 100% High
Bacterid Assmilaion 70% 5% 0% Medium
Reverse Osmosis 90% 90% 90% High
Air Stripping 95% 0% 0% Medium
Ammonium lon Exchange 97% 0% 5% High

Table 10. Maximum Predicted Concentrations of Ammonia Using Different Levels of Wastewater

Trestment
River Kilometer of Predicted
Wastewater Pollution Control(s) Predicted Ammonia
Maximum Concentration
Concentration (mg NH,-N/L)
No Further Wastewater Treatment Levocsky km 15 1.20
Bacterid Assmulation at Spiska NovaVes Hornad km 127 0.95
Bacterid Assmulation a Levoca Levocsky km 15 1.20
Bacterid Assmulation a Spisska NovaVesand Levocsky km 15 0.40
Levoca




| Air Stripping at Spisska NovaVesand Levoca | Hornad km 83 | 0.26




Figure 1. Study Areaof Upper Horndd River Watershed in the Sovak Republic
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Figure 2. Subbasins of the Upper Hornad River Water shed







Figure 3. Schematic of the Modeled Stream Geometry
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Figure 4. Calibration Run for Feb. 1997
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Figure 5. Validation Run for June 1996
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Figure 6. Map of the Calibration Run
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Figure 7. Map of the Validation Run
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Figure 8. Map of Watershed Ammoniawith Bacterial Assimulation Treatment at Spisska NovaVes
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Figure9. Map of Watershed Ammonia with Bacteriad Assmulation Trestment at Levoca
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Figure 10. Map of Watershed Ammoniawith Bacterial Assmulation Treatment at Spisska NovaVes and Levoca
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Figure 11. Map of Watershed Ammoniawith Air Stripping Treatment at Spisska NovaVes and Levoca
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