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1. DARBA VISPAREJS RAKSTUROJUMS
1.1 Petijuma aktualitate

Izskalojumi inzenierbivem izraisa ieverojamus bojajumus un
rada finansalus zaudgjumus. Kops 1998. gada Iidz muasdienam
Eiropa ir notikusi vairak ne ka 100 nozimigu pladu un ir raditi
zaudgjumi, kuri parsniedz 25 hilljonus eiro. Nakamajas dekades
paredzams vel lielaks pladu risks, kas vas radit vél lielakus
zaudejumus ekonomikai.

Apskatot 27 aktivo dinu iekartas Latvija interesanti, ka tikai 60
procentu no tam nodrosina pastavigu suspendgto vielu koncentraciju
izlaide -35 mg/l vai mazak. lemeds tam ir pastavigi pieaugosa
pieteces plasmas nevienmeriba, it ipasi pec intensivam lietus gazem,
kura rezultata pieaug piesarnojums no udens attirisanas iekartam
suspendéto vielu dalinu izskal ojuma dgl.

Detalizeta statistiska analize parada, Neilands u.c. (2005), ka
izvertgjot Latvijas un Lietuvas upju baseinus, ka nogulsnu
akumulacija upés notiek regulari un tatad vietgjas notekadens
attirisanas iekartas var ieverojami ietekmet to tdens kvalitati.

Smilts no smilsu uztvergjiem vai aktivo danu dalinu iznesumu
no otrgja nostadinasanas baseina pec biologiskas attirisanas tiesi
ietekmé $o gravitacijas tipa tvertnu darbiba. So dalinu sastava ir arf
Citas piesarnojosas vielas, t.i suspendetas vidas, BSP, KSP, dapekla
un fosfora savienojumi. Aktivo danu process ne vienmer nodrosina
zemas suspendéto vidlu koncentracijas izlaide. Smilsu uztvergji vai
nostadinataji tiek projektéti péc vienkarsotiem to darbibas
kriterijiem, tadiem ka, uzturésanas laiks un hidrauliska sodze uz
virsmu, pienemot, ka plismas sada e un dalinu izgulsnésanas baseina
ir viendabiga un dalinu izdalisanas efektivitati, kurai zinams tas
izgulsngsanas atrums, var aprekinat izmantojot idealas plasmas
horizontala reaktorateoriju.

I zskalojuma probléma, kurasrezultata danu dalinastiek iznestas
no nogtadinataja darba zonam, eksisté, tadgjadi izraisot suspendéto
vielu koncentracijas pieaugumu izlaide, kuru, savukart, ietekme
tvertnu iekSpuse esosas vietgjas plusmas, it 1pasi, specigu lietus
udens pietedu rezultata, ka tas notiek daudzas notekadens attirisanas
iekartas.



Vietgjais izskalojuma attidibas mehanisms notekidens
attirisanas iekartu (NALI) attirisanas procesa tvertnés nav petits.
Tapat tiltiem ir svarigi paredzet izskalojuma dzilumu attistibu

pludos tadgjadi nodrosinot to konstrukcijam stabilitati un drosumu.
1.2 Darba merkisun uzdevumi

Darba merkis ir izstradat jaunu izskalojuma dziluma attistibas
laika aprekinametodi inzenierbavem, apstaklos, kad nenotiek sanesu
kustiba, un kura nemtu véra plasi pielietotus jau izpétitus un jaunus
hidrauliskos un upes grunts parametrus.
Pielietojot izstradato metodi var paredzet izskaojuma lielumu
pladu laikka un pasargat no lidziga procesa attistibas citas
inzenierbaves, tadas ka notekuidens attirisanas procesa tvertnes, un
noverst upju baseinu piesarpojumu ar nettiritu notektdeni.
Plismas sasaurinajums pie to konstrukcijam izraisa ieverojamas
izmainas $o plismu struktira, vietgja atruma un plasmas turbulences
pieaugumu, ka rezultata veidojas plasmai virpulkustiba. Visas dotas
sistémas izmainas ir celonis vietgja izskalojuma attistibai pie
inzenierbivem. Vietgja izskalojuma dziluma attistiba laika pie
inzenierbavem nav vel pétita.
Lai sasniegtu darbamerki ir izvirziti sekojosi izpétes uzdevumi:
1. Izpetit esosas krasta bal stu izskal ojuma dziluma aprékina metodes,
lai noskaidrotu kadi izskalojumu ietekmgjosie parametri tiek
izmantoti aprekinos inzenierbavem;

2.Vekt laboratorijas eksperimentus izskalojuma lidluma attistibas
noteiksanai pie krasta balsta (Gjunsburgs and Neilands, 2001,
2004), un pamatojoties uz testu rezultatiem izstradat jaunu metodi
izskalojuma lidluma attistibas laika aprékinam pie krasta balsta
pladu laika.

3.Salidzinat eksperimentalas un aprékinatas izskalojuma dziluma
atistibai  laikka  skaitliskas  vertibas  izstradatas metodes
verificgsanai.

4.Vekt izdradatas izskalojuma dziluma attistibas laika aprekina
metodes teor&tisko analizi un noteikt tasietekmgjosos parametrus.

5.Noteikt vietgjo atrumu vertikalos profilus un izpetit so atrumu
ietekmi uz dinu dalinu izskal ojumu no nostadinataja darba zonam.



1.3 Darbazinatniska novitate un praktiskais pidietojums

Vietgja izskalojuma dziluma attistiba laika pie inzenierbavem
nav vél pétita.

Diferencialais vienadojums grunts dalinu kustibai tira adens
pieteces apstaklos tika pidlietots un izstradata jauna metode
izskalojuma lidluma attistibas aprékinam laika, plados pie krasta
bal stiem.

La parbauditu izstradato metodi eksperimentu un aprékinu
lilumi tika salidzinati un eksperimentos iegatie rezultati apstiprina
doto metodi.

Saskana ar izgradato metodi, izskalojuma dzilumu var
aprekinat katram hidrografa solim vai pec viena, diviem vai
vairakiem pladiem. Maksmalo izskalojuma dzilumu nevar sasniegt
pec viena vai pat péc vairakiem pladiem, jo pladu ilgums ir
ierobezots.

Vietgja izskalojuma liduma attistiba laika notekiidens
attirisanas iekartu procesa tvertnes vel nav pétita un praktiskais
pidlietojums tika veikts Jirmalas pilsstas, Slokas notekadens
attirisanas stacija. Tika veikti lauku izpétes testi aktivo dinu procesa
tvertne un otrégjam nostadinatajam, un izstradata metode tika
izmantota procesa kontrole.

Izstradato metodi var pidietot a1 citam notekudens attirisanas
iekartam, lai noverstu izskalojuma procesa attistibu procesa tvertnes,
ka rezultata var samazinat suspendéto vidu, BSP, N un P
koncentracijas izpludg, tadgjadi novérsot upju baseinu piesarnosanu
ar netiritu notekadeni.

1.4 Darba struktiira un apjoms

Darbs satur ievadu, 4 nodalas un secinajumus, tai skaita 55
atteli, 7 tabulas, 4 pielikumi, 84 literatiras atsauces, un kopa 99
lappuses.

Pirma nodala defing izpétes merki un uzdevumus. Otra nodala
apskata literatira piegjamas aprékinu metodes par izskalojumu
lidluma attistibu laika pie inzenierbavem un analizé tos pec
izskalogjumu ietekmgjosiem parametriem, un apskata esosS0S
petijumus par dalinu izskalojumu no procesa tvertnem. Tresa nodala
sniedz informaciju par eksperimentu norisi laboratorijas tekné ar
smilsu gultni izskalojuma lidluma attistibai laika noteiksanai tira
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udens pieteces apstaklos. Sniedz a1 informaciju par esoso datu
verifikaciju, ka ar1 izdradatas metodes teorétisko analizi. Ceturtaja
nodala tiek apskatita piedavatas metodes praktiskais pidietojums

notekidens attirisanas iekartu procesa tvertnes, noversot izskalojuma
procesa attistibu.

2. LITERATURASIZPETE

Veicot izpeti par dalinu izskalojuma mehanismu, vairums
petijumu tiek publiceti par izskalojuma bedres dziluma noteiksanu
un sanesu kudibu pie tilta krasta vai gultnes balsta, bet vietgja
izskalojuma bedres attistiba laika tadam inzenierbivem ka krasta
balsti vai attirisanas iekartu procesa tvertnes nav vel tikus pétita,
kamer pargjastemasir skatitas.

Vairums pétijumu tiek veikti par smilsu vai aktivo dinu dalinu
izgulsngsanu, bet tikai nedaudzi par $o dalinu iznesumu no
notekidens attirisanas tvertnem. Vietgja izskalojuma attistibas
mehanisms NAI procesa tvertnés nav petits.

Hazens (1904), izstradaja pirmo teoriju par nostadinasanas
baseinu darbibas efektivitati atseviskas dalinas izgulsnésana
viendabiga plisma. Andersons (1945) atklaja, ka plisma nebit nav
viendabiga, pateicoties ta blivuma sadaljjumam. Tekipe (1968)
eksperimentalie dati pierada, ka atruma trgjektorijas izmainas
gradients var ietekmét nostadinataja darbibas kritérijus. Bretscher
u.c. (1984), veica plismas horizontala atruma komponentes
merjjumus novertgjot peldosa priekSmeta parvietosanos noteiktas
vietas virs tvertnes dibena. Ta rezultata, veidojas sekundara plasma
uz virsmas, ka a1 tris va cetru danu plasmas var noverot
eksperimentali (saskana ar Larsen, 1977). Plasmu sablivejums tiek
raksturots ar lieliem atrumiem un paradas dinu dSana tuvuma,
(saskana ar Kinnear 2000). Tatad, plisma pieaugot izgulsnétas
dalinas var tikt atkal suspendétas un transportétas uz izplades tekni,
ta rezultata kvalitate izlaide padiktinases. Ir skaidrs no izpétes
rezultatiem, ka plismas sadalijums pa nostadinasanas baseinu sekme
ar1 flokuléto dalinu sairsanu. Acimredzami, tas var ietekmét gan
suspendéto vielu dalinu izgulsnésanos, gan a1 S0 dalinu
suspendesanos Takamatsu u.c. (1974). To ieverojot, (saskana ar
Baud un Hager, 2000) novéroja “tornado” veida plasmas virpulus
nostadinasanas baseinu sturos. Tiem ir iespgja radit izska ojumu no



nogulsnu dana augsgjas dalas un batiski samazinat dalinu
izgulsngsanas efektivitati.

Otrgja nostadinasanas baseina hidraulikai ir milziga ietekme uz
NAI darbibas efektivitati kopuma. Smilsu uztvergji vai nostadinataji
tiek projekteti pec vienkarsotiem to darbibas kritérijiem tadiem ka
uzturesanas laiks un hidrauliska dodze uz virsmu, pienemot, ka
plasmas sadale un dalinu izgulsnésanas baseina ir viendabiga un
dalinu izdalisanas efektivitati, kurai zinams tas izgulsnésanas atrums
var aprekinat izmantojot idealas plismas horizontala reaktora teoriju
un nepievers uzmanibu vietgjiem atrumiem, it ipasi pie savaksanas
teknes vai izpludes caurulesrajona.

Anaogi, izskalojuma dzilumu prognoze pladu laika ir loti
svariga tilta konstrukcijas drosibai un stabilitatel. Esosie aprekinu
vienadojumi, kuri nosaka vietgja izskalojuma dzilumu ir sarezgiti, jo
kops problémas izpétes pasa sskumatie bija empiriski.

Vairums pedgja laika veiktie petijumi bija meginajumi atrast
anditisku risinajumu, bet a1 tie pamatojas uz eksperimentu
rezultatiem. Tatad, nav precizs problémas teorétiskais risinajums.

Vairums izskal ojuma dziluma aprekinu metodes tika atrastas ar
empirisku piegu apstradajot rezultatus iegatus no eksperimentiem
idealizeta tekne laboratorijas apstaklos, un lielumi tika savstarpgji
saistiti izmantojot dimensiju analizi.

Analizgjot izskalojuma aprékinu metodes, var secinat, ka nav
vienotas piegas kuri hidrauliskie vai upes gultnes parametri ir
jaizmanto par izskal ojuma kontroles parametriem.

No apskatitajiem izskalojuma aprekinu vienadojumiem vai nu
pieteces pliismas vidgjais atrums vai atrums nogazé pie tilta krasta
balsta tiek izmantots, kamer citi Latishenkov, (1960), Young
u.c.(1998), Ahmed un Ragjatnam (2000), Sturm (2004) uzsver vietgja
atrumanozimi pie konstrukcijam, kurasizvirzitas uz aru straume.

Teksta talak tiek paradits, ka tiesi vietgjais plasmas atrums ir
nozimigs izskalojuma kontroles parametrs, un ka vietgjais plismas
atrums ar izteikto virpulveida struktaru izveido izskal ojuma bedri pie
balsta.

Vairums no izskalojuma aprekinu metodem par izskalojuma
kontroles parametru izmanto balsta garumu va atvéruma
geometrisko attiecibu , citadi tas ir noverots daba, lidzenuma upem,
kur eksisté caurplidumu attiecibas starp upes plasmu un plasmu
palieng, kas ir janem véra. Dazadi balstu garumi aprékinos dod
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dazadus izskal ojuma dziluma vertibas atkariba no ta, kadsir plasmas
sadalijums pamat kanala un tas parkartosanas, kad ta plast pa tilta
atverumu (Sturm, 2004).Tamdgl, lai ievertetu plismas saspiezamibu
un plismas sadalijuma tilta atvéruma ietekmi uz izskalojuma
dzilumu, ka piemérotu mervienibu vajadzétu izmantot plasmas
saspiesanas pakapi nevis bal sta pamatnes garumu.

Daba, plusmas dodzes ietekme uz inzenierkonstrukciju ir
hidrografa veida nevienméerigas plusmas apstaklos, un daudzkartigi
pludi veido izskalojuma bedres pie konstrukcijam. Analizgjot
izskal ojuma aprekinu metodes tika konstatets, katas nevar nemt vera
pieteces plismu dodzi ka pladu hidrografu, vietgjos plasmas
atrumus, un plismas saspiezamibas efektu pie plasma izvietotam
konstrukcijam.

Literataras andize liecina, ka nepastav vienots viedoklis, kurs
no atrumiem veido izskalojuma bedri un nav nevienas metodes, ar
kuru varétu aprekinat izskalojuma bedres attistibu laika pie krasta
balsta. 1zskal ojuma dziluma aprekina formulas un metodes pie krasta
balstiem izmanto vidgjos plasmas atrumus vai Frada skaitli tam
pasam atrumam, lidzigi ka nostadinasanas baseinam.

Teoretiska analize tika vekta izstradajamai izskalojuma
attistibas aprekina metodei un tika konstatéts, ka jaungjai metodel
izskalojuma lidluma noteiksanai laika var izmantot sanesu kustibas
diferencialo vienadojumu tira tdens apstaklos, kuru ietekme vietgjie
plasmas atrumi.

3. EKSPERIMENTALIE DATI

Tedti tika veikti Krievijas Transporta izpétes institata 3.5 m
plata un 21 m gara silé un Budapestas Tehniskaja universitate
(Ungarija) 1.35m plata un 9m gara sile. Eksperimentalie dati silé
valgjas gultnes apstaklos ir apkopoti 1 tabula.

Tedti tika velkti valgjas gultnes apstaklos, lai pétitu plasmas
sadalTjumu starp kanalu un palienu. Testos tika izmantots ka ciets
(nostiprinats) pamats, ta art smilts.

Merkis testiem ar amilts dibenu bija izpétit vietgja izskalojuma
procesu, plasmas atruma izmainas laika, hidraulisko parametru
ietekmi - plismas saspiesanas pakapes, grunts dalinu izméra un
izskal ojuma veidosanas laiku.

Testos tilta modela atverumi Ly, bija: 50; 80; 120; un 200 cm
pirmaja sile un 44.5; 57.5; 77.5; un 97.5 cm otrga sile. Plismas
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saspiesanas pakape Q/Qp (Q = kopgja caurplude, un Q, = caurplide
tilta atvéruma zona valgjas gultnes apstaklos) mainijas no 1.25 lidz
5.69 pie tdens dziluma h; paliena: 5, 7, un 13 cm. Frida skaitlis Fr
mainijas no 0.0103 |idz 0.151. Pirmas un otras siles grunts slipumsiig
bija attiecigi 0.0012 un 0.0015 m/m. Eksperimentalie dati valgjas
gultnes apstaklos ir paraditi 1 tabula, kur Rer un Rer ir Reinoldsa
skaitli attiecigi upel un laboratorijas Slei.

1tabula
Eksperimentalie dati silés valgjas gultnes apstaklos
L hr Vv Q
TeSS | om) | @em) | @iy | iy | 7| ReR Re:
L1 | 350 7 6.47 | 16.60 | 0.0780 | 7500 4390
L2 | 350 7 8.58 | 22.70 | 0.0103 | 10010 6060
L3 | 350 7 | 10.30 | 23.60 | 0.1243 | 12280 7190
L4 | 350 7 8.16 | 20.81 | 0.0984 | 10270 | 5590/5660
L5 | 350 7 9.07 | 23.48 | 0.1094 | 11280 | 6140/6410
L6 | 350 7 | 11.10 | 28.13 | 0.1339 | 13800 | 7550/7840
L7 | 350 | 13 | 7.51 | 35.48 | 0.0665 | 13700 9740
L8 | 350 | 13 | 8.74 | 41.38 | 0.0756 | 16010 11395
L9 | 350 | 13 | 9.90 | 47.10 | 0.0876 | 14300 14300
Sl | 1345| 5 6.30 | 4.24 | 0.0890 | 7110 3000
S2 |1345| 5 9.52 | 6.50 | 0.1360 | 10400 4450
S3 |1345| 5 | 1058 | 7.30 | 0.1510 | 12090 5000

Testi ar smilts pamatu tika veikti valgjas gultnes apstaklos.
Smilts tika izvietota 1m augspus un lgpus no siles saspiesanas
zonas. Izskalojuma dziluma veidosanas laika tika petita ar dazadiem
grunts dalinu izmeriem. Vidgjais grunts dalinu izmers bija 0.24 un
0.67 mm pirmaja sile; 0.5 un 1.0 mm otrgja silé ar standarta grunts
dalipu sadalijumu. Tika izpildits, ka Frg = Fry, kur Frgr un Fry ir
Frida skaitli attiecigi palienas upel un laboratorijas silei.
Laboratorijas testu ilgums bija 7 stundas ar vertikalo mérogu 50 un
laika meérogu 7. Realos apstaklos upg, testu ilgums bitu 2 dienas.
Tads tika piepemts vidgjais laika sola ilgums, kuros saskana ar
metodi tika sadalits pladu hidrografs. lzskaojuma dziluma
veidosanas laika tika pétita testos ar dazadiem plasmas parametriem,
laika intervalos, ar kopgjo ilgumu 7 stundas vienam hidrografa
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solim, un diviem hidrografa soliem ar ilgumu 7 stundas katram
solim.

Datorprogramma ,,RoBo” (Gjunsburgs u.c., 2006) tika pielietota
eksperimentalo datu apstradei un atsevisku hidraulisko parametru
ietekmesizvertésana uz izskal ojuma lieluma attistibu.

4. 1ZSKALOJUMA DZILLUMA VEIDOSANAS LAIKA

Sanesu lidzsvara diferencialais vienadojums apstaklos, kad
nenotiek grunts sanesu kustiba:
dw
E = Qs ’ (1)
Saskana ar laboratorijas testiem: w= 1/6 znPhs; t = laiks; Qs =
sanesu kustiba ara no izskal ojuma bedres.
Vienadojuma (1) kreiso dalu var uzrakstit ka:
dw_1 o 5 dhg 2 dhg
— ==pm°hf —==ahf —= |, 2
a 20 S T S dt @
kur hy = izskalojuma dzilums; 1/m = izskalojuma bedres sienas
dipums. Sanesu kustibu ara no izskal ojuma bedres var aprekinat pec
Levi (1968) formulas:

Qs = ABM*, €)

kur B = mhg = izskalojuma bedres platums; V| = vietgjais plismas
atrums pie krasta balsta; A = parametrs Levi (1968) formula:

5628 b%2 1
+40,25,.0,25 ’
9 & V Hd>7h;

kur y = saneSu dalinu ipatngjais svars, b = plasmas atruma Vy
samaxzinoss koeficients, kas nem vera virpulu struktiiras rasanos pie
balsta (saskana ar Rozovskij, 1955); V, = kritiskais plasmas atrums,
pie kura sakas sanesu kustiba; d = vidgjais grunts dalinu izmers; hy =
tudens dzilums upes paliena.

Sanesu kustibu ara no izskalojuma bedres izskalojuma laika
nosakam:

A = (4)

Q=Amh N =b— s (5)
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kur b = AmV/*; k = koeficients, kur§ nem véra pliismas izmainas
izskalojumalaika.

Hidrauliskie raksturlidlumi, plismas saspiesanas pakape,
plasmas atrumi Vo un V, vidgjie grunts dalinu izmeri dazados grunts
danos, sanesu izskalojums, izskalojuma bedres dzilums un platums
mainas pladu laika.

Izskalojuma laika koeficients A ir vienads ar:

& - 250
A=202 &l- Vo ¢y, s = G, ! (6)
9§ Vg 2 o hoo
g e 2 40250 25(;1+ 5 2

At
Diferencialo vienadojumu (1) saskana ar formulam (2) un (5)
var izteikt ka:

A
D, %, 91+h_— dh, =dt .
8 2ht 5
Pec integrésanas:
2 @ O
t=D; ohs¢l+—=-7 dhg, (7)
X1 2ht 5

Saskapa ar metodi, pladu hidrografs ir iedalits laika solos un
katrs solis savukart ir iedalits mazos laika intervalos (1 att.). Tika
velkta aproksimacija, kalaikaintervala D ir konstants.

Ok

&

Flavadplein I.': Tirne
flooled l' Intarals

Floodpain :
flnaded  F |

1. attels. Hidrografs sadalits laika solos un laikainterval os
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Pec integrésanas ar jauniem mainiggjiem x = 1+ hy/2h;, hs=
2hy(x-1) un dhs = 2hdx iegastam:
_ 5
~ 4D,h2
kur N = 1/6x° — 1/5x°; t; = laikaintervals.

+Niq, (8)

2 tabula
N; atkaribano x;
Xi 1 12 14 | 16 | 18 [ 20 | 22 | 24 26 2.8

Ni | -0.033 | 0.0002 | 0.18 | 0.70 | 1.90 | 4.29 | 8.62 | 1598 | 27.20 | 46.07

Aprekinatam N; vertibam pec grafika N = f(x) vai 2 tabulas mes
nosakam x; lielumu unizskalojuma dzilumu laika intervala beigas:

hy=2h¢(x- 1). ©)

Izskalojuma dzilums ir atkarigs ari no krasta balsta sanu sienu
dipuma, balgtaformas, un plasmas skérsosanas lenka:

hg = 2he (X- 1) %q K X, (10)
kur k., = koeficients atkarigs no bal sta sanu sienu dipuma (saskana ar
Yarodavcev, 1956); ks = Kkoeficients atkarigs no balsta formas
(saskana ar Richardson un Davis, 1995); k, = koeficients atkarigs no
plasmas skérsosanas lenka (saskana ar Richardson u.c., 1990).

Lai aprekinatu izskalojuma dzilumu pltdu laika, hidrografu ir
nepieciesams sadalit laika solos ar sola ilgumu 1 vai 2 dienas, un
laika soli sikak iedalit laika intervalos ar ilgumu ne lidaku par
dazam stundam. Laboratorijas testos laika solis tika iedalits 20 laika
intervalos. Katram laika solim ir nepieciesams zinat: hy — adens
dzilums paliena, Q/Q, — plasmas saspiesanas pakapi, 4h -
maksimalo tidens uzstadinajuma limeni (pec Rotenburg un Volnov,
1969), d — grunts dalinu izmeéru, H — grunts dana biezumu ar grunts
dalinu izmeéru d, y — grunts dalinu ipatngjo svaru. Rezultata mes
varam aprekinat V;, Vo, A, D, Ni, Ni.; un hs katra laikaintervala beigas
un laika sola beigas. Nakamajam laika solim plismas parametri ir
mainijusies dél pladiem un dg] izskalojuma, kurs radies ieprieksgja
laika sol1.

5. REZULTATI

Pie inzenierbives, plusmas saspiestgja zona, pludlinijas tiek

ieliektas del krasta dambja un balsta, un péc tam plasmas virziens ir
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pardéls balsta konstrukcijai. Plasmas atrumi gar maksimalo
pladiiniju sakotngji ir tuvi minimalgjam, tad pakapeniski pieaug, un
veidojas spiralveida virpulu sistéma. Pie augspus straumes esosa
krasta balsta stira veidojas pludiiniju koncentracija, stavs adens
[tmepa kritums un straujs plismas atruma pieaugums. Veidojas
horizontals virpulis, samazinot tilta atverumu. Testos vietgjais
plasmas atrums tika kondatéts pie dazadam pliismas saspiesanas
pakapem.

Vietgjo plismas atrumu pie krasta balstiem ar nostiprinatu
grunts pamatni var atrast:

Vi =] y2gDh, (11)
kur ¢ = plismas atruma koeficients, kur§ atkarigs no plasmas
saspiesanas pakapes, 4h = maksimalais tdens uzstadinajums, ko var
aprekinat pec Rotenburg un Volnov (1969) formulas.

Vietgjo plasmas atrumu pie jebkada izskal ojuma dziluma hs var
aprekinat pec formulas.
Vig=— A, (12

® 0
Ke1+ s 2

8 2h; E
kur k = koeficients atkarigs no plasmas saspiesanas pakapes.
Salidzinot  aprékinatos plasmas atrumus V; un V; ar
eksperimentali iegttajam vertibam, tikaiegatieloti tuvi rezultati.
Plismas atrums, pie kura sakas saneSu kustiba, nostiprinatas
grunts pamatnes gadijuma tika aprekinats pec (Studenitcnikov, 1968)
formulas:

Vo =36d%7°h9#° (13)

Pie jebkada izskalojuma dziluma h,, plismas atrums Vy tika
noteikts pec formulas:

.0.25
x 0
Vor = 360025002561 4 s 2 (14)
ot f he
2

Izskalojuma laika, jebkura hidrografa laika soli vienmérigas
plasmas apstaklos, atrums V;; samazinas del pladiem un izskal ojuma
bedres pieauguma, bet atrums Vy, palidinas. Plasmas atrumu V; un
Vo izmainas vienmerigas un nevienmerigas plismas apstaklos ir
paraditas 2 un 3 attéla.
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t (hours)

2. attels. Atrumu V), un V¢ izmainas vienmerigas pliismas apstaklos,

testsSL4
04VIt’Vut
031,
0.2 Vil e
012 3 456 7 8 91011121314
t (hours)

3. attels. Atrumu V; un V¢, izmainas nevienmerigas pliismas apstaklos,
testsTL1

Nakamaja hidrografa sol1, atrumu V, atrod péc formulas (11) pec
jaungjam maksimala tdens uzstadinajuma 4h, pliismas saspiesanas
pakapes Q/Q, vertibam, un talak atrumu V;; atrod pec formulas (12)
ar jauno udens dzilumu paliena hy un izskalojuma dzilumu hs, kas
izveidojasiepriekseja laika soli.

Izskalojuma veidosanas beidzas pie pladu hidrografa augstaka
[Tmepa vai pec ta sasniegsanas, kad plasmas atrums Vi, = k5Vy.

Saskana ar vienmerigas plismas testiem un saskana ar metodes
aprekiniem, izskalojuma dzilums sakuma strauji pieaug un velak ar
laiku izskaojuma dziluma paidinasanas straujums samazinas (4
att.).
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4. attéls. Izskal ojuma dziluma veidosanas laika vienmerigas plismas
apstaklos

Izskalojuma dziluma veidosanas pie tiltu krasta balstiem 2
sekojosu, vienadu pladu gadijuma ir paradita 5 attéla. Pirmo pladu
laika, pladu ilgums ierobezoja izska ojuma bedres veidosanos, tapec
sekojosa, nakamo pladu laika, izskaojuma dzilums turpinaja
pieaugt.

Pirmo pladu laika, izskalojums sak veidoties, kad paliena ir
appludinata, un izskalojuma veidosanas apstajas sasniedzot pladu
hidrografa augstako punktu. Otro pladu laika, izskalojuma
veidosanas turpinas no briza, kad Vi > KV

hs (m)
10 I
9
3 | 4
7 ——1
6 D =
5 —&—3
21/ —<6
a1/
> 1
/
1
0 t(days)

01 2 3 45 6 7 8 9 1011 12 13 14 1516 17 18

5. attéls. 1zskal ojuma dzijJuma veidosanas pie krasta ba sta
hidrografaml, 2, 3 un 6 dienam

5.1 Kopsavilkums

Tika pielietots sanesu lidzsvara diferencialais vienadojums,
apstaklos, kad nenotiek grunts kustiba, un jauna metode, pec kuras
var aprekinat izskalojuma veidosanos laika pie krasta bal stiem pladu
laika tikaizstradata

Pec sis metodes var aprékinat izskalojuma dzilumu jebkuram
hidrografa laika solim péc viena, diviem, un vairakiem pladiem.
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Maksimalais izskal ojuma dzilums nevar tikt sasniegts pec vieniem
vai vairakiem pladiem, jo pladu ilgumsir ierobezots.

Vienmerigas plismas apdaklos, viena laika sol1, vietgjais
plasmas atrums Vj; samazinas, jo izskalojuma dzilums pieaug, un
atrums V,; pieaug ar katru nakamo hidrografa laika soli. Plasmas
atrums Vy, pie kura sakas sanesu kustiba, pieaug de] pladiem un
izskalojuma dziluma pieauguma. 1zskalojuma ilgums ir mazaks par
pladu ilgumu.

Izskalojuma veidosanas apdajas sasniedzot pladu hidrografa
augstako punktu vai velak, kad Vs = kBVy. Metode ir verificéta pec
eksperimenta datiem (Gjunsburgs un Neilands, 2001, 2004).

6. PRAKTISKAISPIELIETOJUMS SLOKAS NAI

Jirmalas pilsstas notekaidens attirisanas stacija atrodas pilsstas
nomalé rietumos, Lielupes upes krasta. Stacija tika uzbaveta 2007
gada un palaista ekspluatacija 2008 gada. Stacija sastav no gandarta
mehaniskas attirisanas, bez pirmgja nostadinasanas baseina, aktivo
dunu procesa ar papildus biologisko fosfora un dapekla izdalisanu
un dinu apstrades ar mehanisko blivesanu un atidenosanu.

Dota izpete apskata plismas hidrauliku un izverte masas
plasmu otrgja nostadinasanas baseina Slokas NAI. Darba mérkis bija
noteikt izskal ojuma individual o ietekmi uz danu dalinu iznesumu no
nostadinataja palielinoties vietgjiem atrumiem.

Izpete parada nostadinataja lauka izpetes rezultatus pietecem
250 m¥st., 500 m¥st. un modelatai avarijas rezima plasmai 750
m/<., kad viena no procesa linijam ir slégta Suspendsto vielu
koncentracijas izlaide tika meritas ikdienu, katru stundu, un tiek
paraditi ka aprékinatie dienas vidgjie lidlumi, bet avarijas rezima
plasmai aprekinatas. Salidzinajums aprekinatajiem un méeritajiem
lilumiem ir veikts.

Lai varétu noverst izpéte aktiva dinu procesa i etekmi uz aktivo
danu dalinu izméru un sekojosu tas izgulsnésanas ipasibam, tika
kontrol&ts aktivo dinu indekss SVI, ml/g, bet pats attirisanas process
kontroléts ar aktivo diinu procesa masas bilanci, bet procesa rezultats
ar datora modeli AQUA (Aqua, Rokasgramata, Versija 3.4, 2008) ,
kurs izmantoja ikdienas laboratorijas merjjumus.

Vertikalie atrumi pietecam 250 m%/st. un 500 m?/st. tika meriti
izmantojot kalibrétu firmas MarshMcBirney ultraskanas plismas
atruma meritaju un model&ti izmantojot programmatiaru (CFD, SIIM,
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Versijal.l, Lietosanas instrukcija, NTKH, 2007) avarijas plasmai
750 m?/st.

Lai noteiktu dinu dalinu iznesuma efektu no nostadinataja tika
parbauditi sekojosi nostadinataju standarta projektésanas parametri,
tadi ka hidrauliska dodze uz baseina virsmu, dinu plismas sodze,
dinu dana staba augstums, slodze uz savaksanas tekni, uzturésanas
laiks, projekta parametri, noteicosie attirita notekadens kvalitati un
salidzinati ar laboratorijas rezultatiem par suspendeétam vielu
koncentraciju izlaide.

Izskalojuma process tika formuléts pamatojoties uz dalinu
kritisko izgulsnésanas atrumu, kad V>Vo, kur Vo, m/st — aktivo
dinu dalinu izgulsnesanas atrums, kurs atbilst attieciggjam danu
indeksam SVI, ml/g un V\; — merits vietgjais atrums. Lai noteiktu
izskalojuma atruma Vi,«, m/s. robezvertibas izskalojuma zonai, tad
tas tika aprekinats saskana ar (Takamatsu u.c., 1974) un (Bretcher,
1998).

6.1 Plasmas atruma merijumi

Otrgja nostadinasanas baseina skeérsgriezumam tika izveidots
uzmerijjumu tikls. La konstrugtu atruma profilus, mérjjumi tika
veikti noteiktos rezga punktos. Rezgim kopuma bija 30 punkti, kuros
tika veikti mertjumi. Atrumu merijumi tika veikti 1.0, 2.0, 3.0, 4.0,
5.0 un 6.0 m attaluma no izpludes vairoga, attiecigi dzilumos 0.5,
1.0, 1.5, 2.0, un 2.5 m. Papildus merijumi tika veikti pie izplades
teknes attiecigi dziluma 0.5, 1.0, 1.5, 2.0 un 2.5 m zem tdens limega

Uzmerijumi tika velkti attieciggjos punktos no adens limena
dazadam pietecem, un merijjumu punktu izvietojums te nemainas, bet
vienmeér mainas adens Iimenis izpludes kanala tekng, kur§ tiek
merits. Ka sakotngji ieceréts udens plusmas atruma profils tika
konstrugts izmantojot meérjjumu rezultatus, kuri iegati ar firmas
MarshMcBirney ultraskanas merierici, modelis KL 211. Mériekarta
tika verificéta uz vietas, mertekng, kur uzstadits kalibréts “Danfoss
FLOWMATE” iekarta. Lai noverstu pasa merijjuma neprecizitates,
atruma merjjumi tika atkartoti taja pasa uzstadijuma tik ilgi, kamer
minimalas izmainas tika noverotas. Parasti tas notika veicot
MErfjumus pie sienas, vai pie teknes sipas sienas.
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6.2 Nostadinataja dar bibaskontrole

Notekiidens attirisanas procesa kontrolel tika izmantots masas
bilances vienadojums (16) saskana ar Tchobanoglous u.c. (1991).

C(iﬂ_)t(:(Qi +Qp ) %X - Q XX - Qg XXg - Qu Xy (16)

kur X, X, X, Xe, Xy aktivo dunu koncentracijas mg/l pietecg, procesa
tvertne, askaidijuma zona, izplude., Q, Q, Q. Q. plismas m’h
pietece, recirkulatam, izlaide un liekas aktivas dinas.

La kontrolétu un noveérstu dinu izskalojumu no dinu zonas,
dinu staba augstums Hsg tika aprékinats un sekoj oss nogul$nu masas
bilances vienadojums tika sastadits saskana ar Stamou u.c. (2000):

Mg =X ¥ 5= X *Agg g, (17)
kur Xsg vidgja dipu koncentracija, kg/m® dinu dala, Vs dinu
tilpums diinu zona, m®, Ags dinu dalas virsmas laukums, m?.

6.3 Rezultati

Suspendzto vidu saddijums un atruma profils attéla 6 parada
tipisku ainu, ka notiek dalinu izskalojuma process pie dazadam
pietecem otrgja nostadinataja. Tas norada, ka dinu plisma ir viens
no galvengjiem parametriem dionu dana paredzama augstuma

1L20_ s

6. attels. Atruma sadalijuma vertikalais profils pietecei, Q=750 m%/st

Izskalojuma process laika gaita attistas un tapec ta aprékinam
tika izmantots laika sadalijums. leprieksteiktajos aprekinos vienigi
plasmai 500 m3/st. tika sasniegts Iidzsvars, kad suspendéto vielu
koncentracija palika nemainiga, tikméer pargjie divi bija nestabili un
I1dzsvars abos gadijumos netika sasniegts. Katrs aprekins, tika veikts
ar laika soli no vienas Iidz vairakam stundam. Veicot aprekinus
avarijas situacijai suspendgto vielu koncentracijas izlaide laika gaita
pieauga ieverojami, jo izskal ojuma process turpinaja attistities.
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Laika gaita, samazinoties pietecei, suspendéto vielu
koncentracijas samazinajums izlaide bija daudz lenaks. Neskatoties
uz to, sasniegtais izskalojuma lidzsvars suspendéto vielu dalinam,
norada uz to, ka ta precizi seko laika solim, un tas atbilst jaunajai
izskal ojuma aprekinu metode.

7. SECINAJUMI

1

Tika pidlietots sanesu I1dzsvara diferencialais vienadojums,
apstaklos, kad nenotiek grunts dalinu kustiba, un jauna
metode, pec kuras var aprékinat izskalojuma veidosanos
laika pie inzenierbivem plados tika izstradata Metodi
apdtiprina eksperimentalie rezultati.

| zstradatas jaunas metodes teorétiska analizes rezultati dod
iespgju noteikt upes gultnes un hidraulisko parametru
ietekmi uz izskalojuma dziluma attistibu laika pie
inzenierbavem plados.

Metodes praktiskais pidietojums veikts Jirmalas pilsstas
notekiidens attirisanas stacija, novérsot suspendéto dalinu
iznesumu no procesa tvertnes, tadgjadi pasargajot Lielupi
no piesarnojuma

| zstradatas metodes teorgtiska analize paradija, karelativais
izskalojuma dzilums ir atkarigs no plismas saspiesanas
pakapes, upes pamatnes relativa grunts dalinu izmeéra un ta
sadalijuma gultng, Frida skaitla attiecibas pret gultnes
slipumu, vietgja plismas atruma attiecibas pret atrumu pie
kura sakas sanesu dana kustiba, inzenierbuves formas,
pluasmas skérsosanas lenka, izskalojuma laika un pladu
ilguma

Relativais izskalojuma dzilums ir atkarigs no norises laika
(3.11 zim.).

Tika kongatéts, ka pieaugot pliismas saspiesanas pakapei
pieaug art izskalojuma dzilums (3.12 zim.).

Izpete tika kondatéts, ka samazinoties grunts dalinu
relativajam izmeram, izskalojuma dzilums paliglinas (3.13
zim.).

Izpete tika noteikta sakariba starp relativa izskalojuma
dzilumaizmainu attieciba pret plasmas kinétisko parametru
un Frada skaitlaizmainam (3.14, 3.15 zim.).
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9. Tikakongtatetareativa izskal ojuma dziluma palieinasanas,
pieaugot relativajiem vietgjiem atrumiem (3.16 zim.).

10. Pec §is metodes tika noteikts izskal ojuma dzilums jebkuram
hidrografa laika solim péc viena, diviem, un vairakiem
pladiem (3.17 zim.).

11. Vienmgrigas plasmas apstaklos vietgjais plasmas atrums V;,
samazinas, jo izskalojuma dzilums pieaug, un kritiskais
atrums pieaug.

12. Veicot otrgja nostadinataja hidrauliskas plasmas izpéti, tika
konstatéts, ka vienmer tas ir jasaista ar aktiva dina procesu
rezultatu, lai saglabatu adekvatu aktivo dianu dalinu
izgulsnésanas parametrus attiecigajam notekadens un danu
pietecem un suspendéto vidu koncentracijas pieaugums
izlaide radas pieaugot vietgjam atrumam tvertnes i eksieng.
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1 GENERAL DESCRIPTION
1.1 Actuality of research

Because of scour the engineering structure failure lead to
considerable damages and financial losses. Since 1998 till now
Europe have suffered over 100 damaging floods and over €25 hillion
insured economic losses. The coming decades are likely to see a
higher flood risk in Europe and grester economic damage.

A survey of 27 activated dudge plants in the Latvia is of
interest and is notable that only 60 percent of the plants studied
produced permanent SS values of 35 mg/1 or less. The reasons is
permanently increase the irregularity of the flow rate, especially after
intensive rainfalls, as a result the increase of pollutants from water
treatment units due to suspended solids scouring.

A detailed dtatigical analysis Neilands et al., (2005) of river
basinsin Latviaand Lithuania showed that sediment accumulation in
rivers take place on regularly basis and local wastewater treatment
plant performance can significant influence water quality.

The sand from grit tanks or activated sludge particles escaping
from secondary clarifier in biological processes is affected by the
performance of the gravity type sedimentation tanks In turn,
escaping solids carry a significant portion of other regulated
congtituents, e.g., suspended solids, BOD, COD, nitrogen and
phosphorus. Thus, the capacity and stability of the settling tanks is
critical to the overal performance of the wastewater treatment
process. Low effluent suspended solids (SS) are not always obtained
from the activated sludge process. The grit tanks or sedimentation
clarifiers are designed on simple criteria, such as detention time and
hydraulic load on surface area assume that the fluid distribution and
particle settling in the clarifier is uniform and removal efficiency of
particles with a known settling velocity in a settling tank can be
simply calculated by ideal horizontal flow reactor theory.

The problem of scouring resulting the sludge particle escaping
from clarifier working zones exist, thus increasing the effluent TSS
concentration due to development the excessive flow hydraulic
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pattern inside the tanks, especially as a result of storm runoff often
occurs at many wastewater treatment plants. The local scour
development mechanism in WWT plant process tanks has not been
studied.

The same for the prediction of depth of scour during the flood is
very important for bridge constructionsto ensure stability and safety.

1.2 The objective of resear ch and tasks

The objective of this research is to develop the new method of
clear-water scour development in time near the engineering
structures, taking into account the widely used and new hydraulic
and river bed scour-control parameters, thus predicting the scour
depth development during floods in advance and ensuring safety of
hydraulic structures.

Developed method could be used to prognosticate scour depth
development during the flood and preventing the similar scour
process development in other engineering structures, such as
wastewater trestment process tanks, and thus preventing the river
basin pollution from untreated wastewater effluent.

The contraction of the flow by engineering structures leads to
considerable changes in flow pattern, a local increase in velocities,
increase turbulence, and the origin of eddy and vortex structures. All
these changes in the system are the reasons for a local scour
development at the engineering dtructures. The local  scour
development during the time a engineering constructions has not
been studied yet.

To achieve research objective following tasks are defined:

Research existing abutment scour development calculation

methods to find out the parameters which are already used for

scour depth devel opment calculation at engineering structures,

Perform the abutment scour laboratory tests (Gjunsburgs and

Neilands 2001, 2004)), and basis on the tests develop the

calculation method of scour depth development in time, during

floods at abutments.

Compare experimental and calculated scour development in

time valuesto validate method.
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Perform the theoretical analysis of the calculation method of
scour depth development in time and define the evaluation
parameters.

Determine the sedimentation tank cross-sectional velocities
profiles and study the effect of local veocities on sludge
particle escaping from clarifier working zones.

1.3 Scientific novelty and application

Development of scour depth in time at engineering structures
has not been studied yet.

Differential equation of equilibrium of the bed sediment
movement for clear water was used and a new method for
calculating the scour development with time at the abutments during
the flood was elaborated. To verify developed method, calculated
and experimental equilibrium scour depth values were compared.
The method was confirmed by experimental data.

Depth of scour can be determined by this method at any step of
hydrograph or after one, two or several floods. Equilibrium depth of
scour can’t be reached during one or even several floods because the
time of the flood isrestricted.

Local scour development in time at wastewater treatment plants
in process tanks has not been studied yet, and the practica
application was performed for Jurmala town, Sloka WWTP. The full
scale test for activated dudge plant process tanks and secondary
clarifier was done and new method on process control was used.

Presented method can be applied for another wastewater
treatment plant process tanks to avoid there scouring process
development as a result decrease the TSS, BOD, N and P variation
rate in effluent, thus preventing the river basins pollution from
untreated wastewater.

1.4 Scope of work

The paper consists of introduction, 4 chapters, and conclusions,
including 55 figures, 7 tables, 4 appendixes, 84 references, and
together 99 pages.

Chapter 1 defines research objective and outlines research tasks.
Chapter 2 reviews literature of present investigations on scour
development in time at abutment calculation methods and analysed
by scour control parameters and present investigations particle
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scoring from process tanks. Chapter 3 presents results of laboratory
experiments in flume with sand bed for clear water conditions for
scour development in time and shows information on verification of
proposed method, theoretical analysis of proposed method. Chapter 4
presented the practical application on new developed method to
avoid scouring devel opment in time in wastewater treatment process
tanks.

2 BACKGROUND AND LITERATURE REVIEW

To study the particle scouring mechanism there large amount of
literature has been published on the local scour depth determination
and bed sediment movement at bridge abutments or piers, but local
scour development in time for engineering structures such as
abutments or wastewater process tanks has not been studied yet,
while other subjects were under research.

A large number research has been undertaken on sand and
activated dudge particle sedimentation, but very little research has
been done on resuspension the sediment particles from the
wastewater treatment tanks. Thelocal scour development mechanism
in WWT plant process tanks has not been studied.

The first theory about the efficiency of settling tanks was
developed by Hazen (1904) for individual particle settling in a
uniform flow. Anderson (1945) discovered that the flow is far from
uniform because of density stratification. The experimental data by
Tekipe (1968) have shown that changes in the vel ocity gradient path
can affect the clarifier operation criteria Bretscher et al. (1984) have
measured the horizontal velocity components by observing a drifting
body located at selected positions above the tank bottom. As aresult,
a secondary counter-current is induced at the surface; even a three-
or four-layered structure in the flow field can be experimentaly
observed Larsen (1977). The density current is characterised by high
vel ocities and appearsin the vicinity of the solids blanket by Kinnear
(2000). Therefore, settled solids may resuspend with increasing flow
rates and can be transported to the effluent weirs; consequently, the
effluent quality deteriorates. It is clear from the results of studies that
the flow field in the settling tank determines the bresk up of
flocculated particles. Obvioudy, it will affect the settling and re
suspension of solids in the tank as well Takamatsu et al. (1974). In
this respect, Baud & Hager (2000) observed tornado vortices in the
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corners of rectangular settling tanks. They were capable of scouring
the top of the solids blanket and significantly reduce the solids
removal efficiency. The hydraulics of secondary settling tanks
therefore has a large influence on the efficiency of the WWTP. The
existing grit tanks or sedimentation clarifiers are designed on simple
criteria, such as detention time and hydraulic load on surface area
assume that the fluid distribution and particle settling in the clarifier
is uniform and removal efficiency of particles with a known settling
velocity in a settling tank can be smply calculated by ideal
horizontal flow reactor theory and don’t take into consideration the
influence of local velocities, especially near to the effluent weir or in
theregion at the outlet pipe.

The same for the prediction of depth of scour during the flood is
very important for bridge constructions to ensure stability and safety.
Equations describing the conditions of local scour at bridge sites are
complex and hence the initial research into the problem was
empirical. More recently, attempts have been made at analytical
solutions, but these too have had to rely heavily on the results of
experiments. Thus, there is no rigorous theoretical solution to the
problem.

Most of scour calculation methods were derived by empirical
approach from idealized laboratory flume experiments with steady
flow conditions, and results were correlated through dimensional
analysis. Analyze of scour calculation methods showed that there is
no unified approach which hydraulic and riverbed parameters should
be used as scour control parameters.

In discussed scour calculation equations either average
upstream approach flow velocity or approach flow velocity in
obstructed area by embankment and abutment were used while many
researches Latishenkov (1960), Young et al. (1998), Ahmed and
Rajatnam (2000), Sturm (2004) were done underlining importance of
local flow velocity at protruding obstacles. It will be showed further
in the text that local flow veocity is important scour control
parameter, and that local flow velocity together with vortex
structuresis forming scour hole at abutments.

Bulk of scour calculation methods are using abutment length or
geometric contraction rate as scour control parameter, otherwise it is
in nature, in plain rivers, where interaction of the flow discharge
between channel and floodplain exists that should be considered.
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Same abutment length may result in different scour depths
depending on the approach flow distribution in the compound
channdl and its redistribution as it flows through bridge opening
Sturm (2004). Therefore flow discharge contraction rate instead of
abutment length should be used as appropriate variable to measure
the effects of flow contraction and flow redistribution in the bridge
opening on local scour depth.

In nature, the action of flow loads on river engineering
structures has the form of hydrograph with unsteady flow conditions,
and multiple floods forms scour holes at structures. Analyse of scour
calculation methods revealed that existing scour cal culation methods
can not take into account flow load as flood hydrograph, local flow,
and flow contraction effects at protruding structures.

Literature analysis shows that there is no one opinion which
velocity is forming scour hole and no methods for computing local
scour development during the time at the abutments. In formulas or
methods for calculation depth of scour at abutments are used mean
vel ocities of approach flow or Froude number with that velocity, like
the same for sedimentation tanks.

Analyse of scour calculation methods revealed that existing
scour calculation methods can not take into account flow load as
flood hydrograph, local flow, and flow contraction effects at
protruding structures.

The theoretical anaysis of the suggested scouring devel opment
method was made and it can be concluded that development of new
method for computing of scour development in time can be based of
the bed sediment movement for clear water which is governed by
local velocities.

3 EXPERIMENTAL SETUP

Tests were carried out at the Transport Research Institute
(Russig) in a flume 3.5 m wide and 21 m long,, and at the Budapest
Technical University (Hungary) in a flume 1.35 m wide and 9 m
long. Experimental data in flumes for open flow conditions are
presented in Table 1.

The tests were carried out under open-flow conditions studying
the flow distribution between the channd and the floodplain. Tests
were performed with rigid (fixed) and sand beds.
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The tests with a rigid bed were made for different flow
contractions, in order to investigate the velocity and the water level
changes in approach to the embankment, along it, and near a model
of abutment.

The aim of the tests with a sand bed was to study the scour
processes, the changes in the velocity with time, the influence of
hydraulic parameters - contraction rate of the flow, grain size of the
bed material, and time of scour.

In tests the openings of the bridge model L, were 50; 80; 120;
and 200 cm in the first flume and 44.5; 57.5; 77.5; and 97.5 cm in
the second one. The contraction rate of the flow Q/Q, (Q = total
discharge of the flow, and Q, = discharge of the flow in the bridge
opening area in open-flow conditions) varied from 1.25 to 5.69 at a
depth of floodplain hy of 5, 7, and 13 cm. The Froude number Fr
varied from 0.0103 to 0.151. The dlope in the first and second flumes
ip was 0.0012 and 0.0015 m/m, respectively. The experimental data
for open-flow conditions are presented in Table 1, where Re; and Re
are Reynolds' s numbers for river and flume, respectively.

Tablel
Experimental data for open-flow conditionsin flumes
L hr Vv Q
T em) | em) | @wg | arg | T | R Re:
L1 | 350 7 6.47 | 16.60 | 0.0780 | 7500 4390
L2 | 350 7 8.58 | 22.70 | 0.0103 | 10010 6060
L3 | 350 7 | 10.30 | 23.60 | 0.1243 | 12280 7190
L4 | 350 7 8.16 | 20.81 | 0.0984 | 10270 | 5590/5660
L5 | 350 7 9.07 | 23.48 | 0.1094 | 11280 | 6140/6410
L6 | 350 7 | 11.10 | 28.13 | 0.1339 | 13800 | 7550/7840
L7 | 350 | 13 | 7.51 | 35.48 | 0.0665 | 13700 9740
L8 | 350 | 13 | 874 | 41.38| 0.0756 | 16010 | 11395
L9 | 350 | 13 | 9.90 | 47.10| 0.0876 | 14300 | 14300
S1 |1345| 5 6.30 | 4.24 | 0.0890 | 7110 3000
S2 |1345| 5 9.52 | 6.50 | 0.1360 | 10400 4450
S3 | 1345| 5 | 1058 | 7.30 | 0.1510 | 12090 5000

The tests with sand bed were carried out under clear-water
conditions. The sand was placed 1 m up and down the contraction of
the flumes. The mean size of grains was 0.24 and 0.67 mm in the
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first flume and 0.5 and 1.0 mm in the second one with a standard
deviation. The scour development in time for the bed materials with
different grain size was studied to estimate the identity of the
processes. The condition that Frg = Fr¢ was fulfilled, where Frr and
Frs are the Froude numbers for the plain river and for the flume,
respectively. The tests in the flumes lasted for 7 hours, the vertical
scale was 50, and the time scale was 7. With respect to the real
conditions, the test time was equal to 2 days. That was the mean
duration of time steps into which the flood hydrograph was divided
in presented method. The tests were made to study scour
development in timeintervals within one step for 7 hours and for two
steps of hydrograph for 7 hours each, with different flow parameters.

The software ,RoB0o” (Gjunsburgs et al. 2006) was used for
experimental data processing and evaluation of some hydraulic
parameter impact on scour devel opment process.

4 SCOUR DEPTH DEVELOPMENT INTIME

The differentia equation of equilibrium of the bed sediment
movement in the conditions of clear water hasthe form:

dw

E = Qs ’ (1)

According to laboratory tests: w = 1/6 znPhs; t = time; Qs =
sediment discharge out of scour hole.
Left part of the equation (1) can be written as:
dw_1 o 5 dhg 2 dhg
— ==—pm°“h =ahf — , 2
& 20 S T S dt @
where hs = depth of scour; m = steepness of scour hole. The sediment
discharge was determined by Levi (1968) formula:

Qs =ABN", ©)
where B = mhs = width of scour hole; V, = local velocity at the
abutment; A = parameter in Levi (1968) formula:

& 0
=222 gl' bVO: 0.251 0.25 ' “)
9 & Vv gd7ht
where y = specific weight of sediments; b = coefficient of reduction
of velocity V, because of vortex system (according to Rozovskij,

A
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1955); V, = velocity required to start sediment movement; d = grain
size of the bed material; hs = depth of water on flood plain.
Sediment discharge when scour was devel oping:
QS:AthM‘l:bLA, 5)
& nh 0
kGl+ =7
g 2h; 5
where b = AmV*%; k = coefficient of discharge changes because of
scour. Hydraulic characteristics, rate of contraction of the flow, value
velocities Vy and V,, grain size in different layers of the bed,
sediment discharge, depth and width of the scour were changing

during the flood.
When scour is developing A isequal:
é ® 61.250
A= 5.6221_ kaO(;l_'_ S _ a, 1 . (6)
g =X VI 9 2hf - lfl > h 60'25
& e 2 H gozspoasgy, s *
e 2}

Differential equation (1) according to formulas (2) and (5) can
be presented as:

After integration:
2 @ O
t=D; ohs¢l+—=-7 dhg, (7
X1 fg
In method hydrograph was divided in time steps and each step
in small time intervals (Fig. 1). Approximation was made that insde
timeinterval D is constant.
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Figure 1. Hydrograph divided into time steps and time intervals

After integration with new variables, x = 1+ hy/2h;, he= 2hy(x-1)
and dhg = 2hdXx :

t;
L= +N._ , 8
i 4Dihf2 i-1 ( )
where N; = 1/6x° — 1/5x°>; t, = timeinterval.
Table2
N; dependence from x;
x| 1 12 [ 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28

Ni | -0.033 | 0.0002 | 0.18 | 0.70 | 1.90 | 4.29 | 8.62 | 1598 | 27.20 | 46.07

With graph N = f(x) or Table 2 for calculated N; we determine

% and depth of scour at the end of timeinterval:
hg =2h(x-1). C)

Scour depth was depending from dlope of side wall and shape

of the abutment and angle of flow crossing:

hg = 2he (X- 1)%q K X, (10)
where k, = coefficient depending a the sde wall dope of the
abutment (according to Yarodavcev, 1956); ks = coefficient
depending at the shape of the abutment (according to Richardson and
Davis, 1995); k, = coefficient depending at the angle of flow
crossing (according to Richardson et a ., 1990).

To determine scour depth during the flood necessary to divide
hydrograph in time steps with duration of 1 or 2 day and divide each
time step in time intervals equal up to several hours or less. In
laboratory tests time steps were divided for 20 time intervals. For
each time step necessary to know: hy— depth of water on floodplain,
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Q/Qy —rate of contraction of the flow, 4h — maximum backwater, d —
grain size, H — thickness of the bed layer with d, y — specific weight
of bed material. Asresult we have V,, Vg, A, D, N;, Ni.; and hg at the
end of time intervals and finally at the end of time step. For next
time step flow parameters were changed because of the flood and
because of scour for previous time step.

S RESULTS

In approach to contraction of the bridge streamlines are bended
by embankment, and then flow direction was paralle toit. Velocities
along extreme streamline were falling to about minimum and then
gradually increasing, spiral vortex system was developing. At the
corner of the abutment were streamlines concentration, sharp water
level drop and rapid increase of the velocity. Horizontal vortex was
developing, reducing opening of the bridge. In tests local velocities
near abutment were at any contraction of the flow.

Local velocity at the abutments at the plain bed was:

Vi =j y2gDh, (11)
where ¢ = velocity coefficient depending on flow contraction rate;
4h = maximum backwater, was determined by Rotenburg and
Volnov formula (1969).

Local velocity at any depth of scour can be determined from
formula

VoM, (12

® 0
Ke1+ s 2

8 2h; E
where k = coefficient depending on flow contraction rate.
Comparison of calculated veocities V, and V;; with
experimental data gave good results.
Veocity at which stats sediments movement at plain beds was
determined by following (Studenitcnikov, 1968) formula:

Vo =36d%7°h9#° (13)
At any depth of scour velocity Vq, was determined by formula:
025
& 0
Vo =3.6d025h925¢61+ s 2 (14)
h -
fog
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During the scour at any step of the hydrograph at steady flow
conditions Vj; was decreasing and increasing because of the flood,
and velocity Vot increasing. Ve ocity Vi, and Vi changes with steady
and unsteady flow conditions presented by Figure 2 and Figure 3.

0.351 Vet
0.3

VD[
0.25 ... _

Vie DT
0.2 -
0 4 6
t (hours)

Figure 2. Veocity Vy and V changes with steady flow
conditionsintest SL 4

04 It’Vut
0.3 1
0.2 Vi T
01 2 3 45 6 7 8 9 1011121314
t (hours)

Figure 3. Vdocity V|, and V in test TL1 with unsteady flow conditions

At the second step of hydrograph V, was determined by Eqg. (11)
with new value of the maximum backwater, contraction of the flow
and V;; by Eq. (12) with new depth of flow on floodplain and scour
depth hs devel oped during the previous time step.

Scour stops at the peak of the flood or later when the velocity
Vit = kBVar.

According to tests for steady flow conditions and computing by
method scour depth rapidly developing at the beginning of scour
with decreasing speed of devel opment later in time (Fig. 4).
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Figure 4. Scour development in timein steady flow conditions

Scour at bridge abutment during the two equal floods followed
one after another is presented (Fig 5). At thefirst flood there was not
time enough to develop scour hole and at the second equal flood
depth of scour was increasing.

At the first flood scour started when the water flooded the
floodplain and stops at the peak of the flood and at the next flood
scour started at stage where Vi>kfVg:.

hy (m)
9 [T [ 1]
—a——

= b
5 7/ —&—3
4 I/ —*—6
s 1)/

=/

R/

o t (days)

0123456 7 8 910111213141516 1718

Figure5. Depth of scour development during the flood. Duration of
timeintervals of the hydrograph 1, 2, 3, and 6 days.

5.1 Summary

Differential equation of equilibrium of the bed sediment
movement for clear water was developed and a new method for
calculating the scour development with time at the abutments during
the flood was el aborated.

Depth of scour can be determined by this method at any step of
hydrograph or after one, two or several floods. Equilibrium depth of
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scour can’t be reached during one or even several floods because the
time of the flood isrestricted.

Local velocity Vj is decreasing in steady flow conditions
because the depth of scour hole is developing and Vj is increasing
from step to step of hydrograph. Velocity at which starts the
sediment movement V. was increasing because of the depth of scour
development and because of the flood. The time of scour isless then
time of flood.

Scour stop at the peak of the flood or later, when Vi, = kfVq.
Method was confirmed by experimenta data (Gjunsburgs and
Neilands 2001, 2004).

6 PRACTICAL APPLICATION SLOKA WWTP

The Jurmala town wastewater treatment plant is situated at the
western skirts of the town on the bank of the Lielupe River, in the
Sloka region. The plant was built in 2007 and put into operation in
2008. The plant has conventional primary treatment without primary
settling, activated ludge process for enhanced biological phosphorus
and nitrogen removal and sludge treatment by mechanical thickening
and dewatering.

This sudy describes the hydraulic flow and mass flux
evaluation of secondary clarifier at Sloka. The aim of study is to
examine the individual effect of the scouring on dudge particle
escaping from clarifier due to local velocities increase. The study
also describes the results of a full-scale clarifier test for the flow rate
250 m*h, 500 m*%h and simulated for emergency flow rate, 750
mh, when the one process line will be closed. The effluent
suspended solids concentration have been measured and calculated
on daily basis every hour, and presented as a daily average value, but
for emergency flow calculated The comparison between
measurements and calculation is done.

To avoid in study any effect from activated sludge treatment
process influence on dudge particle size and sedimentation
performances, the dudge index SVI, ml/g was measured, but
activated dudge process was controlled by system mass balance, and
process results by software AQUA (Aqua, User Manual, Version
3.4, 2008), which based on daily laboratory measurements.
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The local velocities measured for flows 250 m*h and 500 m*h
with calibrated MarshMcBirney ultrasonic velocity device and
modelled by CFD (SIIM, Version 1.1, User Manua, SSIIM, NTKH,
2007) for emergency flow 750 m*/h.

The scouring process was formulated based on critical particle
sedimentation velocity, when V>V, where Vo, m/h - ludge particle
sedimentation velocity, which accord to sudge volume index (SVI)
and V,; , m/h—measured local velocity.

To examine the effect on sludge particle escaping from clarifier
the following standard clarifier design parameter such as overflow
load, underflow load, dudge blanket depth, weir load, detention
time, and design feature of the process on secondary effluent quality
and was compared with laboratory results on suspended solids
concentration in effluent. The scour velocity taken into account
boundary conditions for the scouring zone was calculated by
Takamatsu et al. (1974) and Zhou et.al. (1992).

6.1 Flow velocity measurements

A measurement grid was established within a cross-section of
the secondary clarifier. Velocity measurements at fixed location of
the grid were measured in order to establish a velocity profile. The
grid consisted of 30 points for measurements. Velocity
measurements were taken at 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0 m from the
clarifier outlet baffle, at depths of 0.5, 1.0, 1.5, 2.0 and 2.5 m below
the water surface. Additiona measurements were taken at effluent
weir wall, at depths of 0.5, 1.0, 1.5 m below the water surface.

Since measurements were made with regard to the depth from
the water level for different flow rates, the location of fixed
measuring points was not changed during the test period, but water
level in the effluent weir was always under the changes.

6.2 Clarifier performance control

The wastewater treatment plant process control was based on
system mass balance presenting Tchobanouglous et al, (1991),
Eq.(16).

Cii_)t(:(Qi +Qp ) %X - Q XX - Qg XXg - Qu Xy (16)
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where X, X, X;, Xe, Xy the dludge concentration mg/l in influent,
process tank, dilution zone, effluent., Q, Q, Q., Q. flow rates mh
at inflow, recycle flow, effluent and waste sludge.

To avoid and control the scouring effect from sludge
blanket on ESS, the height of dudge blanket Hss, Where calculated
and following mass balance was written by Stamou et d., (2000):

Mg =X ¥ 5= X *Agg s, (17)
where Xsz the average dudge concentration in the sludge blanket,
kg/m®, Vs the volume of the Sludge blanket,m®, Ags the surface area
of the sludge stock, m?.

6.3 Results

The suspended solids concentration distributions and velocity
profiles in Figure 6 provide a typical illustration how the particle
scouring process occurs for different investigated flow rates in the
secondary clarifier. This suggests that the underflow flow rate is a
one of main parameter in keeping the sludge blankets in design
height, thus, preventing a clarifier from failing.

Figure 6. Vertical velocity profiles for load , Q=750 m*h

The scoring process develops within a time and the time steps
were used for its calculations. The previoudy performed
calculations, of which only for high flow rate to 500 m*%h was
reached equilibrium and produced permanent effluent suspended
solids concentrations, while the other two were unstable and did not
reach equilibrium within the time. Each calculation was run for time
steps ranging from one to several hours. For the emergency flow the
effluent suspended solids increases considerably within atime as the
scouring process devel ops.
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However, it was observed that by decreasing the flow rate, the
effluent suspended solids concentration would decrease more, more
slowly. Nevertheless, an equilibrium result of effluent suspended
solids concentration is senditive to the time steps, as it accord to
scouring cal cul ation method.

7 CONCLUSIONS

1. The differential equation of the bed sediment movement for
clear water was used and a new method for calculating the
scour development in time at the abutments during the flood
was elaborated. Method was confirmed by experimental data.

2. Thetheoretical analysis of the new elaborated method allowed
us to estimate the influence of hydraulics and river-bed
parameters on the scour at engineering structures in the flood
during thetime.

3.  The practical application of the method was performed for
Jurmala town wastewater treatment plant, to avoid the
suspended solids particle escaping from process tanks, thus
preventing the pollution of Lielupe River.

4. The teoretical analysis of the presented method method show
dependency of relative depth of scour from flow contraction
rate, relative grain size of the river bed and its distribution over
the depth, Froude number in relation to the river slope,
ungeadiness of the flow, ratio of the local velocity to the
velocity at which the sediment movement starts, engineering
structure shape, angle of flow crossing, time of scour, and
duration of the flood;

5. The redtive scour depth depends on the time of scour (fig.
3.11).

6.  With increase of the contraction rate the relative depth of scour
increasing (fig.3.12).

7. With decrease of relative grain sze the depth of scour
increasing (fig. 3.13).

8. In the study was determined the effect relative scour depth
changes versus the kinetic parameter changes of the flow and
Froude number (fig. 3.14., 3.15).

9.  With reative velocity ratio increase the relative depth of scour
increases (fig.3.16).
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10.

11.

12.

In studies was determined the scour depth development at any
step of hydrograph after one, two or several floods (fig.3.17).
The local velocity Vj is decreasing in steady flow conditions
because the depth of scour hole is developing and critical
velocity isincreasng.

To examine the secondary clarifier hydraulic flow pattern was
found that it must be always linked with activated dudge
process results, to have adequate sludge settling parameters for
define wastewater and flux flow rates and that the increase of
suspended solids concentration in effluent was originated by
increase of the local velocitiesinside the tank (fig.4.27).
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