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Written submission from Scottish Water 

Thank you for the opportunity to provide further information to the committee about water 

treatment processes currently used across Scotland to ensure that drinking water is of high 

quality and meets stringent drinking water quality standards. 

We have submitted information to the committee in the five main categories requested below 

and also include answers to health questions: 

 the range of water treatments currently in use across Scotland 

 cost comparisons of each process  

 our policy and approach for deciding the most appropriate water treatment method 

 other water treatments (other than chloramination) that can be used safely and 

effectively in heavily peated areas 

 information about Scottish households by area and water treatment method. 

We have also provided some broad context around our day to day water treatment activities 

and how our investment over the years has seen a significant increase in water quality being 

achieved across Scotland. 

Scottish Water, like other UK water companies, operate in a highly regulated industry where 

public health is the prime concern and delivering high quality drinking water to customers 

across Scotland is a key priority for us. We carried out over 311,000 tests last year at 

customer taps, our service reservoirs and treatment works to ensure customers receive 

consistently high quality drinking water and more than 99.91% of tests at customer taps 

passed stringent quality standards.  

We are continually investing with a view to providing a high standard of drinking water. Since 

Scottish Water’s formation in 2002, we have seen water quality standards rise significantly. 

This investment is continuing within our current investment programme (2015-21) and we 

anticipate continuing to invest further to improve drinking water quality across Scotland 

beyond this period. We have commenced our customer consultation Shaping the Future to 

ask customers their views on a range of subjects, one of which is water quality and we will 

get the results of this in due course. Initial feedback from the events we have attended so far 

is that water quality is a key priority for our customers and they are very proud of Scotland’s 

water both in terms of taste and quality.  

Currently, 29% of customers in Scotland have a chloraminated drinking water supply. 

Chloramination is globally used and is accepted as being an appropriate means for 

disinfecting drinking water. We have provided information below which gives wide view of 

drinking water treatment across Scotland. 

Range of water treatments currently in use across Scotland 

Scottish Water provides drinking water to 2.4 million households and 159,000 business 

premises across Scotland. We have nearly 300 water sources which range from 

groundwater to surface water sources including impounded reservoirs, lochs, rivers and 

springs. Over 96% of the water supplied to customers comes from surface water sources. 

We treat the source water in 235 water treatment works (WTW) and distribute it through an 

extensive network of pipes and storage tanks. 

Water treatment works in Scotland range from large supplies (our largest works are capable 

of producing over 200 million litres per day) serving whole cities to very small works 

(producing 300 litres per day) that supply small communities consisting of a few properties. 
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Regardless of the size of supply Scottish Water is required to ensure the works are capable 

of treating different qualities of source water and supplying it through networks of varying 

length whilst ensuring compliance with European Union (EU) and Scottish Drinking Water 

Standards, as set out in The Public Water Supplies, Scotland Regulations 2014, and is 

aesthetically pleasing.  

There are many types of water treatment processes with the choice of what processes to 

use dependent on the source water quality, the volume of water required to be treated and 

the length of network in place for distribution.  

Typical water treatment processes are shown in Table 1, flow sheets for representative 

scales of treatment and source water quality in use in Scottish Water are shown in Appendix 

1, with a further collation of treatment processes in relation to Scottish Water regions, source 

water type and volume treated provided in Appendix 2.  

Table 1 Broad types of water treatment processes and treatment methods in use in 

Scotland 

Type of process Different treatment 

methods in use 

Treatment description  

Pre-treatment Raw Water Screens  

(125 sites) 

Removal of debris (leaves, weeds 

and sticks) which come in the 

source water from the catchment 

area. Cartridge Filters 

Coagulation  Aluminium Flocculation 

(93 sites) 

Particle removal using chemical 

coagulants which bind impurities 

together to form particles. Requires 

precise dosing and pH control along 

with good mixing to be effective.  

Iron Flocculation  

(3 sites) 

Flocculation Tanks 

(49 sites) 

Clarification Sedimentation  

(24 sites) 

The particles created from the 

coagulation and flocculation 

processes are removed using 

sedimentation or flotation processes 

which remove approx. 90% of the 

particles. 

Flotation  

(40 sites) 

Primary Filtration  Rapid Gravity Filters  

(71 sites) 

Filtration removes remaining 

particulate materials and also 

removes cryptosporidium. 

Scottish Water uses membrane 

filtration as a primary treatment 

technology for small rural supplies. 

Fluidised sand bed filters are 

predominantly used in the Western 

Isles. Slow sand filtration is used as 

an alternative to coagulation, 

clarification and rapid gravity 

Pressure Filters  

(19 sites) 

Fluidised Bed Filters  

(14 sites) 

Membrane treatment  

(107 sites) 

Simple Filters  
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Type of process Different treatment 

methods in use 

Treatment description  

(5 sites) filtration.  

Slow Sand Filters  

(2 sites) 

Secondary 

Filtration/Advanced 

Treatment  

Manganese removal  

(25 sites) 

 

Secondary filtration is used to 

remove natural occurring dissolved 

manganese that has passed 

through earlier treatment stages. 

Typically dissolved manganese is 

oxidised using chlorine so the 

manganese becomes particulate 

and can be filtered out.  

 

Advanced treatment stages can be 

added to treat taste and odour 

issues caused by algae or reduce 

pesticide concentrations. Typically, 

activated carbon is used to absorb 

and remove pesticides and the 

compounds that can cause taste 

and odour. Powdered activated 

carbon can be dosed into the water 

and subsequently removed by the 

filters, or the water can be filtered 

through granular activated carbon 

media. Depending on the nature of 

the impurities, ozone can be dosed 

before filtration to improve removal.  

 

Ion exchange is a new technology 

to Scottish Water with 3 sites in 

construction. This process uses 

resin beads specially selected to 

attract organic material.  

Granular or Powdered 

Activated Carbon (GAC, 

PAC) Filters  

(21 sites) 

 

Ion Exchange  

(3 sites – in construction) 

Primary Disinfection  Chlorine  

(235 sites) 

 

Disinfection is vital to ensure that 

harmful bacteria, not removed by 

filtration, are killed to prevent water-

borne diseases. Chlorine is added 

to the water in either gas or liquid 

form at a level that kills bacteria at 

the sites.  

Ultra Violet (UV)  

(5 sites) 
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Type of process Different treatment 

methods in use 

Treatment description  

Ozonation  

(1 site) 

Other less frequently used 

processes include UV and Ozone 

which then undergo secondary 

disinfection for protection to the 

customer’s tap. 

Secondary Disinfection Chloramination  

(45 sites) 

A disinfectant is added to provide a 

residual that protects the water all 

the way to the customers tap. 

Chloramination involves adding a 

small amount of ammonia, following 

disinfection with chlorine, to form 

chloramine to protect water quality 

through to the customer’s tap. 

Chloramine lasts longer in the 

network and has less of a chlorine 

smell. 

Chlorine  

(190 sites) 

Treated Water 

Conditioning 

pH adjustment  

(212 sites) 

Treated water needs to be stable to 

prevent it corroding metal pipes or 

leaving deposits in the pipe network 

and in customer homes. This is 

achieved by adjusting the pH to 

ensure it is not too acidic or to 

alkaline. Nearly all of our sites pH 

adjust the water prior to distribution 

and 92% of the water we supply is 

dosed with phosphate to help 

prevent lead being released from 

lead service pipes at customers’ 

properties.  

Phosphate dosing  

(87 sites) 

 

Scottish Water’s current policy on the use of water treatments and detail on the 

approach and criteria for deciding the most appropriate water treatment method in an 

area 

There are two key stages to consider when treating water – the treatment required to 

prepare water for disinfection and the disinfection stages. Our regulations require all water to 

be disinfected.   

The first stage is preparing water for disinfection and the selection of water treatment 

processes to achieve this is dependent on the source water quality, the volume of water 

required to be treated and the length of supply network. This varies for each water treatment 

works and as a result the selection of the appropriate treatment process is assessed on a 

site by site basis. To select the appropriate technology for each works we employ scientists, 

engineers and asset planners to assess the current water treatment works performance 

levels and capability, identify risks to water quality now, and how they may change in the 

future as source water changes. Risks identified are held in our Drinking Water Safety Plans. 
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A particular challenge for Scottish Water is that much of our source waters are taken from 

surface water sources such as lochs and rivers which are rich in natural organic matter. This 

natural organic matter reacts with the chlorine used to disinfect water, to form unwanted 

disinfection by-products. We are required by regulation to minimise these disinfection by-

products.  

To reduce these disinfection by-products, the following options are considered: 

 control the natural organic matter at source through improved catchment 

management approaches 

 change the supply of source water to one with lower natural organic matter 

concentrations or by supplying an area from another source and treatment works by 

building a new water main connection (maining out) 

 remove natural organic matter through the treatment works using existing 

coagulation and membrane processes, for example 

 aerate the water supply to remove volatile disinfection by-products such as 

trihalomethanes 

 restrict the reaction of chlorine with natural organic matter through the use of 

chloramination to reduce disinfection by-product formation.    

Our strategy is to also address natural organic matter increases through the introduction of 

additional treatment technologies, which remove the organic matter through either very fine 

filtering (known as nanofiltration and reverse osmosis) or by pulling it out of the water (ion 

exchange or granular activated carbon).  

The second stage is disinfection. It is essential that drinking water should be safe to drink 

and contain no harmful bacteria capable of causing diseases. There are two different roles a 

disinfectant plays. We treat water at our water treatment works with a disinfectant to firstly 

kill bacteria remaining after treatment (termed a primary disinfectant) and to protect the 

water as it travels through our pipes to our customers (termed a secondary disinfectant).    

The disinfectant we use in our water treatment works is mainly chlorine although we have a 

small number of works where we use ultraviolet light processes specifically to treat 

cryptosporidium. Chlorine has been proven to be the simplest and most effective means of 

disinfecting water, and has been used in the UK for over 100 years.    

In Scotland, chloramination is used, not as a primary disinfectant but as a secondary 

disinfectant, to protect the water once it enters the network. It is formed by adding a small 

amount of ammonia to the chlorine we have used as a primary disinfectant and this forms a 

compound called monochloramine. The advantage is that monochloramine is less reactive 

than chlorine and lasts longer through the distribution pipework and the taste is usually less 

noticeable to consumers than chlorine alone.   

The introduction of chloramination is normally associated with one of the following risks: 

 risk of elevated disinfection by-products e.g. trihalomethanes caused by chlorine 

combining with natural organic matter in the treated water – such as in Ayrshire  

 chlorine or TCP taste and odour complaints associated with chlorine in the water and 

/ or interactions with customers plumbing – such as in Aviemore 

 the loss of chlorine (disinfection residual) in the water due to the length of the 

network – such as in Aberdeen.   
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Water treatments (other than chloramination) that can be used safely and effectively 

in heavily peated areas 

We consider improved catchment management and additional advanced treatment 

technologies, which remove the organic matter through either very fine filtering (known as 

nanofiltration and reverse osmosis) or by pulling it out of the water (ion exchange or granular 

activated carbon) as further suitable treatment methods at Scottish Water.    

Comparative cost of each treatment method 

The costs of installing treatment processes varies from works to works, and is influenced by 

what processes are already at the existing water treatment works, the layout of the site, the 

production capacity of the site and the availability of land. Some processes are cost effective 

for small water treatment works, but do not scale up well to large works (e.g. nanofiltration 

membranes) and other processes are less cost effective at a small size but scale up well to 

larger works. The diagram below (Figure 1) gives a general guide to which processes are 

suitable for achieving the standards for disinfection by-products in different sizes of works.   

 

Figure 1  Typical production volumes where different natural organic matter treatment 

processes are cost effective over for Scottish source waters  

In summary chloramination can be 2-10 times lower cost than alternative options. But it is 

important to note that the option selected is determined on a site by site basis.  

Breakdown of Scottish households by area, treatment method and number 

A breakdown of the typical daily volume of water that is produced through the different 

treatment processes is shown in Appendix 2. The data are also shown by Scottish Water’s 

operational regions with the South supplying Edinburgh, the Borders and Dumfries; the West 

supplying Glasgow and Ayrshire; the East supplying Fife, Dundee, Perth, Aberdeen and the 

Northern Isles; and the North supplying Inverness, Fort William, Caithness and the Western 

Isles. 

200 Ml/d 2 Ml/d 50 Ml/d 

Chloramination 

Coagulation and Filtration 

Membranes Nano filtration 

Ion Exchange 

Seasonal Powdered Activated Carbon 

Reverse Osmosis 

Volume 

10 

to 

6 

6 

to 

2 

Relative Cost (£million)  

 

1 

Activated Carbon 



7 
 

The data provided is a proportion of the total daily volume of water supplied which can be 

equated to the proportions of households supplied i.e. 2.5m households in Scotland receive 

water that is primarily disinfected with chlorine and of these 29% (or approximately 730,000 

households) receive water where we used chloramination as a secondary disinfectant.   

Advice sought by Scottish Water regarding potential health risks associated with 

chloramination  

The water from chloramination treatment processes is safe to drink and use by our 

customers. Scottish Water is required to meet strict health based standards laid down in The 

Public Water Supplies (Scotland) Regulations 2014 and all the treatment processes we use 

need to meet these standards.    

Chloramine is also recognised as a safe disinfectant and a good alternative to chlorine by 

the World Health Organisation (WHO)1.  Previous research has been undertaken by the 

DWQR to examine the occurrence of disinfection by-products in Scottish drinking waters, 

together with potential health implications and methods of minimising formation2. The 

Drinking Water Inspectorate (water quality regulator for England and Wales) has also 

undertaken extensive research on the occurrence, fate and health implications of a range of 

disinfection by-products3.    

Scottish Water also maintain close engagement with relevant studies including those 

completed by UKWIR (UK Water Industry Research) and academic research groups and 

regularly assess international literature and attend conferences in the area.  

Plans to extend the use of chloramination across Scotland 

Our strategy to address natural organic matter increases is through improved catchment 

management, additional advanced treatment technologies where required and continued 

use of chloramination. We will also consider chloramination where this is a requirement to 

maintain disinfection residuals over long network lengths or when there are customer issues 

regarding taste and odour which need resolved.  

We are currently designing or constructing water quality improvement projects that will 

introduce chloramination at three further works.  

  

                                                           
1
 World Health Organisation - WHO (2004) Monochloramine in drinking-water background document for 

development of WHO guidelines for drinking-water quality. 
World Health Organisation – WHO (2011) Guidelines for drinking-water quality, fourth edition. WHO Press, 
Switzerland ISBN: 978 92 4 154815 1. Also available at 
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/ 
2
 Study into the formation of disinfection by-products of chloramination, potential health implications and 

techniques for minimisation.  http://dwqr.scot/media/14157/research-prev-study-into-the-formation-of-
disinfection-by-products-of-chloramination-may-2009.pdf 
3
 http://dwi.defra.gov.uk/research/completed-research/2000todate.htm#monchem 
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Appendix 1     
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Appendix 2  Drinking water treatment processes applied in Scottish Water regions according to source water type and volume treated  

 

 

25 June 2018 

 

 

 

 

 

 

 

Volume cubic metres per day

SW Region Surface Ground Mixed  Raw Water Screens  Cartridge Filters Al Floc Fe Floc  Flocculation tanksSedimentation  Flotation  RGF  Pressure Filters  Fluidised Bed Filters  Membrane treatment  Simple Filters  Slow Sand Filters  Manganese removal GAC / PAC Filters  Ion Exchange  Ozonation Chlorine  Ultra Violet  Chloramination  pH Adjustment  Phosphate dosing

EAST 359,266                 25,630                     31,174                    149,481                                      188                         374,647       13,954            251,083         121,053             60,596          342,885       7,973                     1,138                               54,280                               17                       13,954                            14,226                   416,070            16                  160,791               406,600               332,578                     

NORTH 99,322                   17,380                     78,575                                        5,921                      80,292          20,761           10,025                20,704          30,206          7,718                     7,687                               65,670                               757                     126                           11,536                            11,628                   6,458                  116,702            8,328            81,865                  113,735               78,112                       

SOUTH 423,435                 21,298                     7,688                      31,732                                        424,886       6,217              345,971         172,122             217,467       395,457       35,646                  15,224                               70,316                            452,421            3,507            189,703               441,178               445,962                     

WEST 794,177                 3,039                       28,672                                        781,116       10,275            697,865         124,649             274,532       792,630       4,800                                  1,238                        132,208                          4,331                      797,216            88,087                  794,177               790,285                     

Total 1,676,200             67,346                     38,862                    288,460                                      6,109                      1,660,942    30,447            1,315,681     427,850             573,299       1,561,179    51,338                  8,825                               139,975                             774                     1,364                        228,013                          30,185                   6,458                  1,782,409        11,851          520,447               1,755,690           1,646,938                 

SW Total Volume Supplied 1,782,409             1,782,409               1,782,409              1,782,409                                  1,782,409             1,782,409    1,782,409      1,782,409     1,782,409          1,782,409    1,782,409    1,782,409            1,782,409                       1,782,409                         1,782,409         1,782,409               1,782,409                      1,782,409             -                    1,782,409         1,782,409        1,782,409    1,782,409            1,782,409           1,782,409                 

Percentage volume

SW Region Surface Ground Mixed  Raw Water Pre-treatment  Cartridge Filters Al Floc Fe Floc  Flocculation Sedimentation  Flotation  RGF  Pressure Filters  Fluidised Bed Filters  Membrane treatment  Simple Filters  Slow Sand Filters  Manganese removal  Chemical Filters  Ion Exchange  Ozonation Chlorine  Ultra Violet  Chloramination  pH Adjustment  Phosphate dosing

EAST 20.16                      1.44                         1.75                        8.39                                             0.01                        21.02            0.78                14.09             6.79                    3.40              19.24            0.45                       0.06                                 3.05                                    0.00                   -                            0.78                                 0.80                        -                      23.34                0.00              9.02                      22.81                    18.66                          

NORTH 5.57                        0.98                         -                          4.41                                             0.33                        4.50              -                  1.16                0.56                    1.16              1.69              0.43                       0.43                                 3.68                                    0.04                   0.01                          0.65                                 0.65                        0.36                    6.55                   0.47              4.59                      6.38                      4.38                            

SOUTH 23.76                      1.19                         0.43                        1.78                                             -                          23.84            0.35                19.41             9.66                    12.20            22.19            2.00                       -                                   0.85                                    -                     -                            3.94                                 -                          -                      25.38                0.20              10.64                    24.75                    25.02                          

WEST 44.56                      0.17                         -                          1.61                                             -                          43.82            0.58                39.15             6.99                    15.40            44.47            -                         -                                   0.27                                    -                     0.07                          7.42                                 0.24                        -                      44.73                -                4.94                      44.56                    44.34                          

SW Total Percentage 94.04                      3.78                         2.18                        16.18                                          0.34                        93.19            1.71                73.81             24.00                  32.16            87.59            2.88                       0.50                                 7.85                                    0.04                   0.08                          12.79                               1.69                        -                    0.36                    100.00              0.66              29.20                    98.50                    92.40                          

Source Water Treated Water ConditioningPre - treatment Coagulant Clarification Primary Filtration Sceondary Filtration/Advanced Treatment Primary and Secondary Disinfection


