Interactive comment on “Accumulation and modeling of
particles in drinking water pipe fittings” by K. Neilands et

al.

Anonymous Referee #1
Received and published: 10 May 2012

Reply to 1nd referee by K.Neilands, M.Bernats andRubulis

We thank the referee for the comments.

1. Does the paper address relevant scientific qumsstiithin the scope of DWES?
Definitely.

2. Does the paper present novel concepts, ideas, tr data? Yes.

3. Are substantial conclusions reached? Not extirel

4. Are the scientific methods and assumptions \aiiiclearly outlined? Not entirely.
5. Are the results sufficient to support the intetations and conclusions? Yes

6. Is the description of experiments and calcuteisufficiently complete and precise

to allow their reproduction by fellow scientistsaggeability of results)? Good description

of the relevant fieldwork but the data analysis mdtlcould be made clearer. 7. Do the

authors give proper credit to related work andriyeadicate their own
new/original contribution? This has been done wesi}.

8. Does the title clearly reflect the contents efplaper? A good title.
9. Does the abstract provide a concise and completenary? Yes.

10. Is the overall presentation well structured atehr? Sometimes confusing. 11. Is the

language fluent and precise? It is sometimes corgusid would benefit

from proofreading by someone with a strong graspEafjlish. 12. Are mathematical

formulae, symbols, abbreviations, and units colyetdfined



and used? There are a number of errors and intensiss (see below).
13. Should any parts of the paper (text, formuigeyes, tables) be clarified, reduced,
combined, or eliminated? See below.

14. Are the number and quality of references apjatg® Yes. 15. Is the amount and quality

of supplementary material appropriate? The papetdvo
benefit from 1-2 additional examples of how J valaescalculated.

ANSWER: Examples are attached in a different file

Key points:
- An interesting and important issue has been tiyaed

- The failing of previous discolouration studiesetglain how much material accumulates in

fittings is well presented. This 'motivation seaficncludes many relevant references.

- The explanation of the PODDS model (conceptsyrapsions, formulas, variables, units)

could be expressed more concisely and more contiste
ANSWER: Thanks for the comment, will be done

Explenation of PODDS is mostly taken from publioas: Boxall, J. B. and Saul, A. J.:
Modeling discoloration in potable water distributisystems, 2005. and Ryan, G., Mathes,
M., Haylock, G., Jayaratne, A., Wu, J., Noui-Mehidi, Grainger, C., and Nguyen, B. V.:

Particles in Water Distribution Systems
- The definition of J values and the methods focwating J values and mobilised
material masses are not clear. | don’t presenttietstand whether the turbidity curves

can be repeatedly analysed in an automatable wayouce J values. A flow chart could

help here.

ANSWER: Flow chart is attached to answers. | irdiggpt NTU units from turbidity curve and
multiplated with NTU-dry mass correlation TSS=7mg/l (Boxall 2003)

In principle, calculation of the J value is possillith a simple algorithm in MS Excel by

using data from turbidity curve and specific lenfibshed pipe, e.g. sections between fittings



- Tests for correlations and for measures of fidneebe explained and quantified if possible.
- The grammar, spelling and units used in the paped thoroughly checking.
Ideas for improvement:

As someone with an interest in this research | amsgnally interested in the following

guestions:

- What proportion of anomalous turbidity spikes t@nassociated with the locations of pipe

fittings?

ANSWER: Our experience showed that in more than%O0cases turbidity pikes are
associated with location of pipe fittings. At theomment we suggest to calculate average
coeficient, which proportion is depending of averagrbidity during flushing and maximal

reached value, which is various.

- Can the above figure be broken down by fitting ®ype
ANSWER: No, while the most often found fitting isplece.
Specific comments:

140:5: 0.29kg of material should be quantified wthe total amount mobilised. ANSWER:
Agree

140:21: 'Ryan’ incorrectly spelt ANSWER: Agree
140:24: What does 'ud’ mean?

ANSWER: Rayan et al., 2008 from experiments in pgugp defined threshold 0.07 m s -1 as

a velocity at which particles will deposit and nahiieas .

141:4: 'precipitated’? Discussing particle depasiti which is unlikely to be solely due to

precipitation.

ANSWER: We agree, while from 140:25-141:5 we onife¢ Ryan et al., 2008 why
hypothized deposition effect of particles on pipaElwlue to van der Walls force.

141:2-10: Why mention that more particulate magtmaumulated on the wall of the PVC pipe
than the lined Fe pipe?

ANSWER: If the inclusion of this result can betjfisd can it also be expressed quantitively.
We need to refer to Figures 2.10 and 2.12 from Rytaal., 2008 and from there can be stated



that at velocity 0.1 m/s particle concentrationveadl will be 6-9 times better for PVC than

lined Fe pipes.

141:6: Would benefit from rewording. If you wantrtiake the point that particles don’t seem
to settle in distribution systems under their owgight you could reference a) the section in
Boxall et al. (2001) that mentions settling velmstand/or b) the end of section 2.1 in van
Thienen et al. (2011).:

ANSWER: We will reword since the message which Mdike to say: particles will deposit
on PVC better than on lined cast iron pipes. WBitaall et al. (2001) and van Thienen et al.

(2011) do not compare deposition of particles dfeint pipe materials.
141:13: 'SIMDEUM’, not 'SIDMEUM” ANSWER: Agree

141:20: Which van Thienen et al. paper? Two welldigived in 2011. Are you referring to
Floris & van Thienen (2011)? The Floris and vaneRein paper is currently under review.
Note that the densities of the particles used endéscribed experiment are comparable to
those in real distribution systems but the dianseéee far larger than is typical; the effects of
turbophoresis and the Saffman and Magnus forcebkatg to be far more significant in that
experiment than in reality. van Thienen et al. @0doted that the effects of turbophoresis
and the Saffman force are unlikely to be partidylargnificant in distribution systems and

the Magnus force is even less likely to have aeceff

ANSWER: We mean this paper: van Thienen, P., Vreghl H., and Blokker, E. J.: Radial
transpor t processes as a precursor to par tiggesiteon in dr inking water distr ibution
systems, Water Res., 45, 1807-1817, 2011b.

141:28: Do you mean 'material accumulated withimwash-out or hydrant body’ during a
flush or simply material that was mobilised fromrajdhe entire pipe length during the first

pipe turnover during a flush?

ANSWER: We mean all material mobilised along thérerpipe length during the first pipe

turnover during a flush except material in hydrasdystandpipe.

142:2: Not sure if the term 'Cohesive Theory’ hae used before in the literature. Might
want to use the term 'cohesive transport modelkeiad as that appeared in Boxall and Saul
(2005).

ANSWER: We agree, and will use 'cohesive transpartiel’ and cite as well to Boxall and
Saul (2005)



142:3: ’'both the accumulation and erosion of pbetichave been combined’ — needs
rewording. Could say 'With the PODDS model disco@iion material is assumed to be
homogenously distributed around the pipe’s circuerfee in cohesive layers of particulate
matter. The layer strength is a function of the thaximum daily shear stress. Material

erosion and regeneration processes can be modeltadyh calibration.’
ANSWER: We agree

142:8: 'occurs’, not 'occurrs’ ANSWER: Agree

142:9: 'are conditioned’, not 'is conditioned’ ANSBR: Agree

142:9: 'the background’, not 'background’ ANSWERQgree

142:11: 'the treatment’, not 'treatment’ ANSWER: ike

142:14: Also worth referencing Vreeburg et al. @0BNSWER: Agree
142:28: A very good point! ANSWER: Thanks

142:29: 't-piece’, not 't-bend’ ANSWER: Agree

143:3: 'spikes’, not 'pikes’ ANSWER: Agree

143:3: 'corresponded’ a better choice of word ttidgied’ ANSWER: Agree

143:8: PODDS model emphasizes relationship betvagmiied (flushing) shear stress (a
function of more than just bulk velocity) and tlaéer of change of a) turbidity potential and b)
supply of material to the bulk water. It might tefre be appropriate to work with shear

stresses rather than velocities in this paper dlgactive is to extend the PODDS model.
ANSWER: We considered shear stresses, consideiangeter of pipe as well

143:9: 'online measurement timesheet’ - needs rdingr

ANSWER: It is meant measurment protocol, duringditvorks

143:19: Oxidation using air? Not chlorine, ozondJot?

ANSWER: For the supply of the drinking water netlyathe treatment with oxidation using
air 700 m 3day -1 has been applied. Yes, oxidatging only air, partly chlorination.

143:19: 700m"3/day could be better expressed atpaist concentration.

ANSWER: Total average daily demand for a city



143:24: Vreeburg et al. (2008) found that filter bvaashing correlated with turbidity spikes.

ANSWER: In the time of backwashing one-way valvelissed, so backwashing, before in

our case valves worked with wrong algorythm

145:3: Demand figure seems low: in the UK hydranimdellers typically estimate the per-
capita consumption to be 140L/person/day, which ldi@ive a total of 1260m™3/day for
9000 inhabitants.

ANSWER: In our case, data is real consumption fflmw meter

145:5: "There were two’, not 'there where two’

ANSWER: Accepted and updated

145:25: Equation incorrect (check the units). Stdad L=Q/A * t, not L=A/Q * t
ANSWER: Accepted and updated

146:7: 'spike’, not 'pike’

ANSWER: Accepted and updated

146:8: Mean or median?

ANSWER: corrected, its average smallest value hasbre spike starts, it describes turbidity

in straight section, corrected to NTU

146:5: Need to state that this was done for eveishéid pipe section. Would be clearer if
“(30 NTU and 26 NTU)” and “(Fig. 4)” were combinedg. “For example, the locations in
the network corresponding to the spikes of 30NTd 26NTU in Fig. 4 were found using

Eq. 1 and an estimate of flow”.
ANSWER: Thanks for Your advice, correted

146:10: It is not clear whether >1 J coefficientfasind for profiles containing >1 sharp

turbidity spike.
ANSWER: These are special cases, where topologpasified

146:10: If there are no fittings along a pipe lentten the peak turbidity turbidity curve
corresponds to the turnover time (logarithmic tigeto the turnover time then exponential

decay afterwards). It should be noted that thisk peseds to be distinguished from spikes



corresponding to material mobilised from fittingsddfixtures. This could be done either

visually or using the turnover time.
ANSWER: Agree and updated.
146:13-15: Needs rephrasing. Why is lots of dataired?

ANSWER: As many data as possible is needed, tdeci@aatabase for several situations,

according theoretical mass-balance from treatntatios.
146:20: Remove 'it means that’
ANSWER: Accepted and updated

146: 23: More common to use S_0 (hydraulic gragligngn delta H (headloss over length of

pipe) in this equation

ANSWER: the correct formulaistau= ro * g * D/4 * | with the hydraulic radius D/4 in
metres and the dimensionless energy gradient & @hérgy gradient is | = h_f / L with the
head loss h_f in metres as well as the pipe lehgthhe head loss is calculated with the
Darcy-Weisbach equation h_f = f * L/D * v2 /(2*g)Agree that should be used term energy

gradient (I) and maximum shear stress in N/m2

146:24: Shear stress typically expressed in PanwrA(equivalent units).
ANSWER: Accepted and updated

147:5: Remove 'wetted’: should only be used aseéixpto 'perimiter’.
ANSWER: Accepted and updated, tahanks for advice

147:8-10: The use of C is confusing: C is usechin PODDS model to represent turbidity

potential i.e. the amount of material bound tophee wall, not the turbidity of the bulk water.

ANSWER: According to correlations turbidity is calated to potential amount of material

(dry mass) on pipe wall

147:10-16: The use of R is confusing: R is usethenPODDS model to represent the rate of
material supply from the pipe wall to the bulk watehen the applied (flushing) shear stress

exceeds the material layer strength. R=P(tau_a -€}an. The units of R are NTUm s"-1.
ANSWER: Formula is uptated

ACc(t=1)=P¢. 19" * 2nrL (3a)



where P=gradient term [NTU/m2]
n=power term [-]
t=applied shear stress [N/m2]
t=current layer strength [N/m2]
r=radius of pipe [m]

L=length of link [m]

147:15: The use of n is confusing: n is used iNRRB®ODS model as described above.
ANSWER: Corrected to nt, its mean time step

147:16: The definition /equation for Turb_total skibieature in a separate sentence. With the
PODDS model the amount of material mobilised peshflus typically quantified by
integrating NTU w.r.t time then multiplying by flugim flow (assuming that is constant) to

give a value in unist of NTUm"3.

ANSWER: Turbidity_total is integrated from NTU usiin turbidity curve from flushing

event.
147:20: This expression typically features a demaair of flow.
ANSWER: Thanks, in this case we used it to pregliosion of layer by rised shear stress.

148:3: C should appear after 'turbidity peak’ tokeahe sentence read better. Ideally a
different letter should be used to represent tilfpjpkak. The peak will occur at the turnover

time (L/V) if no material is mobilised from fittinys

ANSWER: Turbidity peak for plug flow will occur absie (current) time C, after which it
will gradually decrease, described by turbidity @ase term.

148:3: Why consider maximum hourly velocities? hdlainderstand this sentence.

ANSWER: The maximum peak value was calculated ftbm difference of the standard
maximum velocities (hourly and flushing), in term$ @orresponding shear stresses,

regardless to the mass accumulated in pipe.

148:8: Where does the gradient and offset terntBisnexpression come from? If it has been

derived using empirical data where is the datathedR™2 value? Why is only one formula



presented? If the flushing shear stress, pipe rahtnid diameter differed between flushes

then this relationship will be vary between flushes.
ANSWER: The gradient and offset terms is taken ftio@ar corelation curve

148:11: Confusing: the maximum turbidity value(®r glush can be determined from the

turbidity curves alone.

ANSWER: The magnitude of decrease depends ond#éigient used: P and exponent: n

(variables in our case P = 0.1 and n = 0.5) inrdte of supply from the layer calculations.
148:11: 'rate’ is a better word than 'magnitude’

ANSWER: Accepted and updated

148:13: Did you investigate whether P and n cobloli&d vary between flushed pipes?

ANSWER: It should, depend from pipe material ande,ago changeslayer strength,

coefficient n and ascent of turbidity curve
148:18: 'constant flushing flow’ and 'constant flughghear stress’.
ANSWER: Corrected

148:22-23: Can this statement be quantified steaidfie.g. “67% of 45 anomalous turbidity
spikes could be attributed to material mobilisafiicom t-pieces and 23% could be attributed

to 90 degree bends”.

ANSWER: No, more data is requred, this is only fromn field experiments.
149:4: NTU_averge: average spelled incorrectlynTeot used above
ANSWER: Accepted and updated

149:6: Confused: shear strength does not have effN\§Um"3

ANSWER: Its meant amount of mass from potentialestdayer

149:8: Better expressed as an integral w.r.t tidJpioblem: the units of the expression are
NTUkg?

ANSWER: Dry mass of sediments

149:9: Was the mass of mobilised material calcdla® as to include all mobilized material

or only the material mobilised from fixtures andriigs?



ANSWER: Mass of mobilised material calculated seoasclude all mobilised
material

149:17: Assumption has previously been stated.

ANSWER: Yes, that's correct

150:2: Were the pipes flushed at night to minimieedrror in your flow estimates?
ANSWER: Yes, and also not to disturb traffic.

150:12-19: It is difficult for the reader to compdg and g/m™1. The values should be

converted to common units.

ANSWER: There is calculated total theoretical magsinction, depending to turbidity curve,

it could also be expressed as 50 to 290 g of Idepesits in various juntions.

150:12-13: Why were the values so much higher tithars in the literature (which take into
consideration not only the material mobilised fréittings but also from the pipe wall to0)?

Are you suggesting that much more material accuredli fittings
than along the pipe wall?

ANSWER: We have situation, that our networks hashmmore accumulated sediments than
in other places, which has been investigated. Yespwoofed that amount of material in
fittings is much more higher than along of pipestnight sections. Still we believe, that
proportion of coeficient in fittings could be simuilin other networks with lower amount of

loose deposits.
150:19: See also (Vreeburg, 2007, pp.51-52)

150:19: 'flushing shear’ ANSWER: Accepted and update

150:19-21: How did you test for correlation? Wouldmake more sense to look at the
relationship between the amount of material thad mabilised per fitting and the difference

between the maximum daily shear stress and therilyshear stress?

ANSWER: We tried, but in several cases, for exanfipither from water treatment plant in

similar shear stresses and circumstances, amoumdtefial varies much.



150:27-151:15: This appears to be an extensiorhé¢oliterature review. What does this

section contribute to the discussion section?
ANSWER This is discussion about previous investioge in this field of science.

151:9-15: Blokker et al think that rate of matem&lcumulation is related to the maximum
daily velocity; Boxall et al think that the maximuamount of material that can accumulate
and the strength of that material is not a funcodbmaximum daily velocity but maximum

daily shear stress. Shear stress is itself a famat not just velocity but
also diameter and roughness.

ANSWER We considered maximum daily shear stress

151:16-19: Repeated; already included in sectibn 2.

ANSWER Accepted and deleated

152:8-11: As previously stated the Magnus and Safffiorces have limited effects in most
drinking water distribution systems. Also, neitlexplain how material remains attached to

the wall.

ANSWER Magnus and Shaffman force shows particlement in the system depending of
pipe diameter and flow velocity, till it deposif@eposition is to the walls is more linked to

cohezive forces.

153:8-13: Could get very different model fit if asmithat the first two data points are just
outliers. Higher temporal data resolution could énérelped here. How did you decide how

frequently to sample turbidity? In your method g@tit said dt varied between 5s to 1min.

ANSWER For turbidity measurments we used Hach S@hlide turbidity meter with logger
interval 5s -1min (1min in first field experiments)so to verify information in same time, we

measurded turbidity with manual turbidit meterime step 1min.
153:18-24: Measure of model fit to data should kentjtied.
ANSWER Agree

153:27: 'Non-Disclosure Agreement’ not 'copyrigat’
ANSWER Agree, corrected

154:2: Aisopou spelled incorrectly



ANSWER Agree, corrected
154:5-6: Yes, these parameters are not constants.

ANSWER By using the parameter values from Asopoal.e2010) and Naser (2006) in our
case studies, the modeled resultfedéd significantly. These results indicate that the

parameters are site specific and therefore canngeieralized.

155: Units confusingly differ from those used in[BQB-related papers (tau, R, P, C)
ANSWER Thanks for comment, units are corrected

166: What is 'J junct'?

ANSWER Corrected

170: No pipe of this length is listed in Table 3

ANSWER In this table are summarized study cases ity with T-pieces
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A flow chart for second coment

Rt
Turbyg.

Turbidity(t = 2)=Turb,,(f=1)x (1 -

) +Tumafe,age:u:.f (‘I

Rxt
{OxtxTurb=TSSx10-5)

) ®

Additicnal term describing the impact of a fitting

Determ variables of turbidity eq., considered by maximal daily shear stress and
following maximal potential of stored sediment layer in pipe

Validated model to determiné daily shear stress

Create hydraulic model on Epanet or

l Yes

Turby=f(D, L, Cmax), function from diameter,

lenght of section and stored potential deposit layer

Yes

A 4

Turbaverageota=f(D, L, Cmax,t), average turbidity,
where timestep is added

No

v

analog program

l Yes

Input of section D, L, Cmax=f (Tsysh - Taaily)
and corresponding flushing duration t

No

J=f(V/D,L;), turbidity pike is shown from
this point

Input of section V (m/s) at daily regime, D

Yes

\ 4

Turb=f(R,A)

(m) and Li=distance (m) from downstream
junction to flush-out point.

No

Input of section R value and total inner

Yes

v

\4

surface of flushing link A.

1secto 5 sec)

t = corresponding value of time step (suggseted to varie from

Yes

A\ 4

Corresponding turbidity value at flush-out point at time
step value t. Get a turbidity curve, with pikes for junctions




turbidity, NTU

25

20

10

- Max=30NTU - J coef.=30/17=1.76

Max=26NTU — J coef.=26/17=1.53

NTU

before

pike=17
- - - o o o o ) O - -
3 = 3 - 4 ™ Y = L3 - halF
N e o ) ) ) &) ) ) - ==
= - "SR L IO i = 5 e = = L, T . e



ANSWERS TO A REFEREE #1 COMMENT ABOUT CASE STUDY
EXAMPLES

Here some of the case studies about how J values are calcul ated



Case study 1
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Figure 1. Turbudity curve for first case study
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Case study 2
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Figure 4. Turbudity curve for case study 2
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Figure 5. Daily velocity for section from case study 2

151 53m (d100)
oof 73m (d200)

D100

Fitswith T-joint . m (d200)

D200/100mm
18

D100
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300 - Case study 3
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Figure 7. Turbudity curve for case study 3
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Case study 4
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Figure 10. Turbudity curve for case study 3
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Case study 5
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Figure 12. Turbudity curve for case study 5
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Figure 13. Daily velocity for section from case study 5 (d150 and d100mm)
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Figure 15. Turbudity curve for case study 6
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Figure 16. Daily velocity for section from case study 6
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Figure 18. Turbudity curve for case study 7
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Figure 19. Daily velocity for section from case study 7
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Figure 20. Topology for case study 7
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Figure 21. Turbudity curve for case study 8
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Figure 22. Daily velocity for section from case study 8
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