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Figure 6-16 Utility benchmark: Average NOM fraction distribution in raw water, after coagulation-separation  
(Coag/sep), and after all treatment and disinfection process steps (CWT). 
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A good coagulation performance is dependent on the application of optimal coagulation conditions, i.e. levels of 
coagulant dose and coagulation-pH that are well adapted to the raw water quality/NOM at all times. Coagulant 
demand is linked to NOM properties, and preferential removal by coagulation is reported for the hydrophobic, 
aromatic, high molecular weight and charged fractions of NOM. On the other hand, neutral hydrophilic NOM 
fractions are not amendable to removal by coagulation. Thus coagulant demand is closely linked to the NOM fraction 
distribution. For a raw water with small or no seasonal variation in NOM-fraction distribution, it is likely that the 
DOC-normalized (DOC-specific) coagulant demand also remains relatively constant over the season. However, the 
coagulant dosage levels (mg/L) have to be adjusted in line with the variations in raw water NOM (DOC) concentra-
tions.

The coagulant dose requirement is normally determined from experience and from measurements of color, UV-ad-
sorption, SUVA, and/or DOC. For the daily operations, this information is implemented in the process control /
SCADA system through algorithms relating coagulant dose needs to the prevailing raw water quality measures. 

Coagulant doses can also be predicted from laboratory experiments (jar-tests, pilot treatment), from measurements 
of charge (zeta potential) in coagulated water, on-line measurements of clean water quality, NOM fraction distribu-
tions (i.e. those fractions amendable to removal by coagulation), etc. 

As discussed above, the observed substantial differences in NOM removal efficiency cannot be explained by 
differences in raw water quality, i.e. from NOM concentrations and NOM fraction distribution alone. Thus, in order to 
explain the differences in observed treatment performance, there is a need for addressing differences in applied 
operation conditions and treatment performances among the utilities. 

The criteria used for coagulation process assessments and utility benchmarking include:

• Type of coagulant and coagulation pH
• Absolute coagulant dose (mg Me/L)
• Specific coagulant dose (mg Me/mg Pt; mg Me/mg DOC
• Absolute and specific molar dose (mmol Me/L; µmol Me/mg DOC)

In addition, other relevant operation data like polymer type and doses, flocculation conditions, clarifier surface load 
(m/hr), rapid gravity filtration rates (m/hr), and slow sand filtration rates (m/hr), etc must be taken into considera-
tion when evaluating treatment performance. 

6.3.1.  Coagulation process control and stability 
It is well known from experience and from the literature that NOM will normally control coagulation dose and pH 
requirements. An “enhanced” coagulation process aimed for NOM control will normally require strict pH-control and 
substantially higher coagulant doses than conventional coagulation processes aimed for turbidity control. 

Normally there will be a stoichiometric relationship between NOM content and coagulant dose requirement. Thus, 
increasing NOM concentrations will normally imply increasing coagulant dose requirements. A change in coagulant 
dose requirement may however result from a shift in the NOM fraction distribution, even if the NOM (Tot-DOC) 
concentration remains constant. If a utility observes no change in raw water quality, i.e. in the NOM (DOC) concen-
tration and NOM fraction distribution, the coagulant requirement will also remain constant. 

From the above, the absolute coagulant dose requirement will increase when the NOM (DOC) concentration level 
increases in the raw water. If the NOM fraction distribution remains constant however, the specific coagulant dose 
requirement, i.e. mg Me/mg DOC, or mmol Me/mg DOC, will remain constant. Varying specific coagulant doses in 
such a case may indicate an inadequate process control system, i.e. coagulation conditions that are not well adapted 
to the prevailing raw water (NOM) quality at the utility in question.

Figure 6-17 show the applied coagulant Al- or Fe-doses (mg/L and mmol/L), coagulation pH levels, and rates of 
filtration (in the single, dual or 3-M filters) for the eight utilities that apply coagulation treatment. It appears from 
Figure 6-17 that the applied Al- or Fe-coagulant doses vary within the range of 2.3-18.1 mg Al/L, and 3.4-7.7 mg Fe/L. 
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The difference in coagulation-pH between Al and Fe coagulants is substantial, i.e. pH 5.9-7.3, and pH 4.0-5.1 for 
Al- and Fe-coagulation, respectively. The large span in coagulation-pH at utilities using Al-based coagulation is 
mainly due to the fact that utilities using pre-polymerized Al-coagulants (NRV and KÄR WTWs) can apply higher 
coagulation-pH levels (pH 7.0-7.3) than the utilities using alum (pH 5.9-6.8). Applied filtration rates vary within 2-7 
m/hr. 

There is no clear tendency in the data that raw waters that are high in NOM concentration and thus need higher 
coagulant dosage require lower coagulation-pH levels. These utilities do however tend to use lower filtration rates in 
order to maintain reasonably long filter run lengths.

The trend lines in Figure 6-17 indicate an average mass coagulant need close to 0.65 mg Me/mg DOC (somewhat 
higher for Fe than Al), or 21 µmol Me/mg DOC when calculated on a molar basis (somewhat lower for Fe than Al). 

The average, minimum and maximum values for the applied coagulant doses and coagulation-pH are shown in Figure 
6-18. The coagulation-pH vary somewhat, but this variability is within an adequate range. However, the high pH 
applied at GÖR WTW is considered too high for optimum effect of alum, and this fact could be part of the reason 
why the DOC removal efficiency is low at this utility, despite the relatively high hydrophobic NOM fraction concen-
tration in the raw water. 

Some utilities have a huge span in the applied dosages while others tend to keep a constant dose level. This reflects 
of course the variability in raw water quality, but as shown in Figure 6-19 and further discussed below, this is not the 
only explanation. 

Figure 6-17 Raw water quality (DOC), applied coagulant doses, coagulation pH and rates of filtration  
(All samples/data from the 8 utilities using coagulation treatment).
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Figure 6-18 Applied coagulant doses and coagulation pH for the 8 NOMiNOR utilities using coagulation treatment  
(Minimum, average and maximum values during the NOMiNOR sampling period).
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Figure 6-19 shows that there is a great variation in the seasonal DOC-specific coagulant dosage at some utilities, e.g. 
from 0.5 to 1.4 mg Al/mg DOC at PC WTW, and 0.5 to 1.1 mg Al/L at NRV WTW. As discussed before, there is no 
reason to believe that the specific coagulant dose needed will increase when the DOC concentration increases as 
long as the NOM fraction distribution remain constant in the raw water, and the pH levels are maintained at close to 
optimum levels. Thus this great variability in DOC-specific dosage is likely due to poor process control, and lack of 
adaptation of process conditions to the prevailing raw water quality. In addition, this is also indicative of a significant 
optimization potential. 

The data in Figure 6-17 and 6-19 indicate that the utilities that apply Fe-coagulants not only require less molar 
dosages, but also tend to apply more stable coagulant dose levels, i.e. more constant DOC-specific dosages.

Coagulation process stability is also illustrated in Figure 6-20, showing minimum, average and maximum removal 
efficiency (%) of hydrophobic (VHA+SHA) and hydrophilic (CHA+NEU) fractions. It may be deducted from this 
Figure that well operated coagulation facilities can achieve hydrophobic NOM removal efficiencies in line with that 
achieved by nano filtration (NF). For hydrophilic NOM however, NF tend to be more effective. This is mainly due to 
the poor NEU fraction removal efficiency achieved by coagulation.

Figure 6-19 Applied DOC-specific coagulant doses for the 8 NOMiNOR utilities using coagulation treatment  
(Minimum, average and maximum values during the NOMiNOR sampling period).
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Figure 6-20 Achieved removal efficiencies for hydrophobic and hydrophilic NOM (Minimum, average and maximum values 
measured during the seasonal NOMiNOR sampling period).
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6.3.2.  Treatment optimization potentials
As discussed above, SUVA and the hydrophobic NOM fraction concentration can be applied to predict NOM 
treatability by coagulation. In line with this, Figure 6-21 shows the average VHA and VHA+SHA fraction concentra-
tions as well as SUVA in the NOMiNOR raw waters along with the average DOC removal achieved in coagulation 
treatment. The results support the application of SUVA and/or the hydrophobic NOM fraction concentrations for at 
least two purposes: 

• Assessments of raw water treatability by coagulation 
• Assessments of best possible DOC removal, and thus identification of treatment optimization potentials at a 
specific site

The results in Figure 6-21 also show a close to 100 % removal of the hydrophobic NOM content during the nanofiltra-
tion process applied at BRA WTW. A close to complete removal of all hydrophobic NOM is also achieved by the well 
optimized enhanced coagulation process applied at JOR WTW. For the remaining utilities, the vertical distance 
between the actual DOC removal achieved and the VHA+SHA curve representing the removable NOM can be taken 
as a remaining coagulation treatment optimization potential. Thus, the largest coagulation treatment optimization 
potential seems to exist at KÄR, GÖR and NRV WTWs.

Even with the poor and very variable raw water quality at PC WTW (7-29 mg DOC/L), it is interesting to observe 
that good final water quality was achieved by coagulation treatment. To illustrate the importance of optimum 
coagulation conditions (i.e. applied coagulant dose), Figure 6-22 show the applied DOC-specific alum coagulant 
doses and the resulting “bleeding” of DOC from the different NOM fractions at Port Charlotte WTW. It appears from 
Figure 6-22 that the VHA fraction is still the largest contributor to the DOC bleeding to treated water from the 
coagulation step, specifically at sub-optimum coagulant dosage conditions like the ones prevailing during Sampling 
Round No. 2 (i.e. when applying 20 µmol Al/mg DOC as the DOC-specific coagulant dose).

Figure 6-21 SUVA and hydrophobic NOM fraction concentrations in raw waters, along with the DOC removal efficiencies 
achieved by the NOMiNOR utilities.
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In periods with relatively similar raw water qualities, it is also interesting to observe that the coagulation treatment 
applied at Burncrooks WTW is performing almost as good as the NF treatment at Bracadale WTW (Figure 6-23). 
The NF process is however able to handle high incoming DOC levels (i.e. close to 27 mg DOC/L during Sampling 
Round 2) without exceeding a DOC bleeding level of 2 mg/L.

Besides the NOM treatment optimization potentials, possible improvements are identified also for other target 
parameters and elements, as presented and discussed in Chapter 5.

Figure 6-22 Applied DOC-specific alum doses and corresponding DOC bleeding from different NOM fractions during the four 
sampling rounds at Port Charlotte WTW.
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6.3.3. NOM concentration and NOM fraction distribution
There are significant differences in the NOM concentration levels among the NOMiNOR utilities. There is also 
substantial site-specific seasonal variability in the NOM concentration levels.

In order to investigate if the NOM fraction distribution was affected by the actual NOM (i.e. Tot-DOC) concentration 
level, the NOM fraction distributions were characterized at the minimum and maximum DOC levels measured during 
the four seasonal samplings for each of the NOMiNOR utilities applying coagulation treatment.

The results presented in Figure 6-24 show that the hydrophobic and hydrophilic NOM fraction distributions remained 
surprisingly constant despite substantial differences in tot-DOC levels at the ten NOMiNOR utilities. At 7 out of the 
8 utilities, the NOM fraction distributions were found to be almost identical at the minimum and maximum DOC 
levels observed during the four sampling rounds. The largest difference was found at NRV (5 %). At these three 
utilities, there was a tendency of increasing hydrophobic NOM fraction concentrations - and likely increased treata-
bility by coagulation or NF - with increasing DOC levels. However, the differences were rather small, as shown in 
Figure 6-24. The utilities in Figure 6-24 are ranked in the order of declining raw water DOC levels. The results may 
also indicate that the highest hydrophilic NOM fraction concentrations are found at utilities with the lowest raw 
water DOC levels.

These findings indicate that the utility-specific process control and coagulant dosing algorithm can be based on a 
linear relationship between the dose requirement and the raw water NOM content that is amendable to removal by 
coagulation, i.e. raw water colour, UV-absorbance or hydrophobic NOM content (VHA+SHA). With a constant 
site-specific NOM fraction distribution, there is no need for any dose compensation for a changing distribution with 
less removable NOM. 

However, these site-specific findings cannot be taken as indicators that the NOM fraction distribution and thus NOM 
treatability will not change if NOM levels increase further as a result of climate change, e.g. more allochthonous 
NOM, algae, etc.

Figure 6-23 DOC bleeding from different NOM fractions during the four sampling rounds at Burncrooks WTW  
(coagulation; left) and at Bracadale WTW (NF; right).
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6.4.  Biostability and ATP 
In Norway, UV is the dominating disinfection technology, and so are chlorine-free distribution systems. If chlorine is 
used, the residual free chlorine shall be detectable, i.e. > 0.05 mg/L, after 30 minutes contact time, according to the 
national drinking water standards and regulations. With no chlorine to control microbial activity/regrowth in the 
distribution network, biological stability, including control and limitations of microbial substrate (BDOC) are impor-
tant issues. 

In Scotland, on the other hand, the national drinking water standards and regulations require that free chlorine 
residuals are present even at customer’s taps. In spite of the fact that the microbial substrate (e.g. BDOC) concentra-
tions increases due to the NOM oxidation by chlorine, the microbial activity and regrowth is controlled by the 
significant amounts of chlorine residuals present throughout the entire distribution networks. These effects are well 
demonstrated by the NOMiNOR results, i.e. from the BDOC and ATP measurements. A major disadvantage of this 
chlorination practice is the potential formation of chlorination by-products from the reactions between chlorine and 
organic matter, thus making effective NOM removal even more important. 

The chlorination practice in Sweden and Finland is somewhere between that in Norway and Scotland. The chlorine 
doses applied are moderate compared to those used in Scotland, and chloramine is widely used due to the 
longer-lasting effects during distribution. Also in Sweden and Finland, the use of UV for disinfection is widespread 
and increasing. 

Figure 6-25 shows the average and maximum BDOC and ATP concentrations found in the water samples taken from 
the raw water, from the clear water tank (CWT) and from the distribution network at the NOMiNOR utilities. 

Figure 6-24 Hydrophobic and hydrophilic NOM fraction distributions at minimum and maximum raw water DOC levels 
during the four sampling rounds at the coagulating NOMiNOR utilities. 
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The highest levels of microbial activity (ATP) are found in raw waters from PC, KÄR, BUR, and NRV WTWs, but as 
can be seen from the figure, the levels are substantially reduced during treatment down to levels close to zero in 
clean water. 

The by far highest BDOC concentrations in treated water were found at PC WTW. In spite of the fact that chlorina-
tion controls regrowth, some ATP is still present in distributed water samples at this utility. Thus the substantial 
reduction in BDOC from the CWT to the network sampling point is likely not due to microbial consumption, but 
rather from adsorption of BDOC to metal deposits (e.g. Fe) on the pipe walls (Chapter 6.5).

Also BUR, GÖR and BRA WTWs have maximum BDOC levels above 0.2 mg/L. This may be taken as an upper limit 
for a biologically stable water, i.e. not causing substantial regrowth - even without any chlorine residuals to control it.

Figure 6-25 Average and maximum BDOC and ATP concentrations in raw water, clean water and distributed water samples 
from the NOMiNOR utilities. The type of coagulant used are shown as well (Fe or Al).
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6.5.  Elements and Metals
Concentrations of chloride (Cl), calcium (Ca) and sulphur (S) in the raw waters is shown in Figure 6-26. The content 
of inorganic constituents reflects the influence from proximity to the sea, from minerals in the watershed, etc. PC, 
GÖR and BRA WTWs have the highest chloride content, and GÖR the highest content of calcium and sulphur.

 

Figure 6-27 shows the average content of iron (Fe), manganese (Mn), aluminium (Al) and calcium (Ca) in samples 
from raw water, coagulated/clarified/filtered water (Coag/Sep), clean water (CWT) and network. 

The high NOM levels found in the raw water at PC WTW were accompanied by high levels of Fe (Figure 6-27), likely 
present as NOM-Fe complexes. Also KÄR, BUR, RIN and BRA WTWs had average Fe concentration levels above 400 
µg/L in their raw waters. PC and KÄR WTWs had average Mn-levels above 40 µg/L in their raw waters, and NRV 
WTW had Mn-levels above 20 µg/L. 
PC, KÄR, NRV and JOR WTWs had average levels of Al around 100 µg/L. Regarding Ca, the levels varied signifi-
cantly, with GÖR (23 mg/L) and IVAR (0.7 mg/L) representing the upper and lower average raw water concentra-
tions.

Furthermore, Figure 6-27 shows that the Fe was effectively removed during coagulation treatment. The highest 
Fe-residuals were found at PIT WTW (84 µg/L on average, 116 µg/L at maximum), and at KÄR WTW (average 41 
µg/L, maximum 133 µg/L). Regarding Al, the average concentrations after coagulation treatment were low (< 30 
µg/L) at all utilities, except KÄR WTW where the average Al concentration was 324 µg/L. The maximum levels 
found were 1006 g/L at KÄR WTW, and 315 g/L at NRV WTW. These high levels were likely due to prevailing 
sub-optimal coagulation treatment conditions during the sampling rounds in June 2015 and February 2016, respec-
tively.

Manganese (Mn) was also effectively removed during treatment. Coagulation (all utilities except PIT WTW with 
very low Mn concentration), ground infiltration (KÄR), slow sand filtration (RIN), and GAC filtration processes (NRV 
and BRA) appear as effective unit processes for Mn removal. At BUR WTW, the average Mn concentration increased 
from the rapid sand filter outlet to the clean water tank and further to the distribution system sampling point. The 

Figure 6-26 Average concentrations (µg/L) of Cl, Ca and S in raw water samples from the NOMiNOR utilities.
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reason for this increase is not clear, but it may be due to the large variation in the raw water Mn concentration  
(7-30 µg/L).

Ca concentrations differ significantly between the WTWs (Figure 6-27). The differences are large also in clean and 
distributed waters, with levels ranging from 1-3 and up to more than 34 mg/L. The levels of Ca, along with pH and 
alkalinity are important to control corrosion of pipeline and plumbing materials. As an example, the Norwegian 
guidelines recommend 15-25 mg/L of Ca, pH 8-8.5, and alkalinity of 0.6-1 mmol/L.

 
Biostability and regrowth potentials are not only dependent on the available carbon sources (e.g. BDOC). Also 
nutrients like phosphorus are important for the microorganisms to grow. Figure 6-28 shows the average total 
phosphorus concentrations in water samples from the NOMiNOR utilities.

Leaking of P from the GAC used at BRA WTW during the November 2015 sampling round (Figure 6-28) is discussed 
in previous chapters. PC and GÖR WTW have average P-levels of 20-25 µg/L in their raw waters. Coagulation 
effectively removes P down to average levels of 2.4-4.2 µg/L at all the coagulation utilities. However, neither the NF 
process applied at BRA nor the ozone-biofiltration process at IVAR WTW seem capable of providing significant 
P-removal.

Figure 6-27 Average concentrations of Fe, Mn, Al and Ca in raw water, coagulated water, clean water (CWT) and network 
samples from the NOMiNOR utilities.
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Figure 6-28 Average concentrations of total phosphorus (P) in raw water, coagulated water, clean water (CWT) and network 
samples from the NOMiNOR utilities. The high levels for BRA (> 400 µg/L) is due to a P-leaking GAC in the Nov 2015 
 sampling round.
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7.  CONCLUSIONS AND  
RECOMMENDATIONS

7.1. Watershed and NOM predictions
• There will most probably be an increase in NOM and color at all the NOMiNOR sites. In most NOMiNOR water 

sources the NOM content is predicted to increase by 15-25 % towards the year 2100.

• The predicted increase in NOM is mainly related to a predicted increase in air temperature.

• The NOMiNOR sites also have a positive relationship between NOM and precipitation amounts, with an exception 
for Jordalsvatnet.

• Increased concentration of ions into the systems (i.e. chlorides from sea-salt or carbonates) can depress the solu-
bility of NOM.

• The NOMiNOR utilities are recommended to consider use of in situ sensors on temperature and rainfall along with 
weather forecasts in order to get an early warning of potential high NOM concentration episodes.

• There are large uncertainties regarding the future NOM predictions; both within datasets, NOM-models and with 
the climate predictions. 

7.2. NOM treatability and water treatment performance
• The concentration of NOM has increased significantly in many Nordic and northern European drinking water 

sources during the past decades. Because NOM is controlling treatment processes and impacting on the processes 
going on in the distribution network as well, it is imperative to be able to control NOM through adequate, well 
designed and well operated water treatment processes. 

• The NOMiNOR project has demonstrated that simple and easily available NOM diagnoses can provide a new 
world of valuable information - relevant to treatment process assessments, operation performance and optimiza-
tion efforts. In addition, more advanced NOM analyses can increase our understanding of NOM proxies, NOM 
characteristics, NOM behavior and NOM treatability.

• The NOMiNOR project has detected significant differences in NOM concentration levels and in NOM fraction dis-
tribution in raw waters from the 10 participating utilities. The variability is seasonal, i.e. between the seasonal sam-
ples taken within each source/utility, and site-specific, i.e. between the 10 utilities. 

• Raw waters are dominated by hydrophobic NOM, and specifically the VHA fraction. On average, VHA constitute 
71 %, SHA 14 %, CHA 7 % and NEU 8 % of DOC (VHA+SHA 85 % and CHA+NEU 15 % of Tot-DOC). The VHA 
content vary within the range of 52-87 %, and the hydrophobic content (VHA+SHA) within the range of 71-94 % 
of DOC. The average BDOC fraction is 2.8 % of DOC, and average ATP in the raw waters is 206 pmol/L.

• Despite the generally good treated (clean) water quality achieved by the NOMiNOR utilities, substantial differ-
ences in treatment performance are detected. The differences can be attributed to differences in two major factors: 
(1) Source water treatability (NOM fraction distribution), and/or (2) Treatment performance and operation condi-
tions, including process control/adaptation to the prevailing raw water quality.

• For utilities applying a coagulation treatment, this is the major NOM-removing step: Average removal efficiencies 
achieved during coagulation/clarification/filtration steps at the 8 coagulation WTWs are 76 % for VHA, 50 % for 
SHA, 41 % for CHA and 14 % for NEU, 73 for VHA+SHA, 43 % for CHA+NEU, 36 % for BDOC, and 91 % for ATP.
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• For comparison, the average overall removal efficiencies (including additional treatment and disinfection) achieved 
at the 8 coagulation WTWs are 81 % for VHA, 55 % for SHA, 57 % for CHA and 19 % for NEU (78 and 46 % for 
VHA+SHA and CHA+NEU), 23 % for BDOC and 98 % for ATP.

• The site-specific NOM fraction distributions appear to remain constant during the sampling seasons at the utilities 
applying coagulation treatment, regardless of large seasonal variation in raw water NOM (DOC) content. The max-
imum difference detected was 5 % (NRV). This indicates that the site- and DOC-specific coagulant demand is also 
relatively constant over the season. Thus, the observed and substantial seasonal differences in coagulation condi-
tions cannot be explained by changes in NOM fraction distribution and treatability alone, but should also be attrib-
uted to process control systems not capable of adapting treatment conditions to the prevailing raw water quality at 
all times.

• The most effective NOM removal was achieved by NF treatment, and the fractions removed were 89 % for VHA+-
SHA, and 61 % for CHA+NEU, 60 % for BDOC and 93 % for ATP. For BDOC and ATP the fractions removed after 
additional treatment (GAC) and chlorine disinfection were 25 and 100 %, thus not only illustrating the disinfection 
power of residual chlorine (ATP), but also the BDOC formed by chlorination. It should be pointed out however, that 
the best operated coagulation utilities achieve NOM removal efficiencies close to that achieved by NF. 

• The NOM fraction distribution show effects from the applied treatment and disinfection technologies, e.g. prefer-
ential removal of VHA by coagulation, and production of hydrophilic NOM and BDOC by ozonation and chlorina-
tion processes.

• The residual chlorine present in Scottish distribution systems seems capable of controlling regrowth (ATP), despite 
the BDOC produced (PC WTW a possible exception).

• The results from the NOMiNOR project have demonstrated that simple NOM diagnostics form a good basis for 
treatment performance assessments and identification of optimization potentials. Although coagulation and NF 
are by far the most efficient treatment steps, additional treatment like GAC filtration with or without preozonation, 
slow sand filtration (SSF), and ground infiltration may have good effects on water quality. From the performance 
data, ground infiltration, and ozonation-GAC filtration appear as the additional treatment processes with the most 
significant impact on water quality. 

• Advanced NOM analyses can improve our understanding of NOM nature, NOM properties and NOM behavior 
during treatment, disinfection and distribution systems. This includes valuable information on DBP formation and 
formation potentials, hygienic safety/barrier efficiency and microbial log reductions, surface charges, etc. Further-
more, sophisticated information is provided on molecular size fractions, fluorescence spectra and specific organic 
substances removed during different treatments and different operational circumstances. Thus the data from the 
advanced analyses also constitute a valuable data base for future use and interpretation, despite the fact that all 
the practical implications of the data and findings may still be unclear.

• Based on the results from water sample analyses and utility benchmarking, site-specific recommendations are 
provided on treatment performance, treatment peculiarities, as well as needs for additional treatment, optimiza-
tion of treatment, and/or process control systems.
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