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. Nen lonic

What's In Waste Wuicr (Besides H30)

uspended Solids

1. Course particuiate > 1

0.9. car rust, bic pens, sand
2. Colloids <\

e.0. clay, silica, Co-58/50, Ag110m
3. Bactaria

Grow great on ion exchange resin
lonle
1. Dissociated lons
a. Cauons

_ 8.9. Nae, Cor2, Cse, Cav2
e.g. CF SO,2, }, HaBOy

2. Undissociated molecules
Bof ALIP

3. Compl
s, EDTA(), EDTA-Co-2)
DECON whikK

1. Dissolved

a. Soaps # Suoluiss
FTRLs LIFE

b. Ethylene glycol, dry cleaning fluid
2. Non Dissohredg ot ey i

a. O

b. Grease

% Tewnichil, Topa, ARORGym,

How to Remove the Bad Guys

1. Solids

Fitrafion

Pracipitation

Sonﬁn?‘

Coagulation
2. lons

lon exchange

Reverse Osmosis
Precipitation

3. Olls, Soaps, Organics, Complexing Agents
Stop at the Source

Absorbtion
Segregation of Sreams

Sources of Particulates (1)

1. Corrosion

Filtration - The last Frontier
(10% of the activity = 80% of the headaches)

1. Typical isotopes
Isotopes

Co-58
Co- 60

Cr - 51

Mn- 54

Nb- 95

Ag - 110m
Cs - 137/134
1 .13

Sources Of Particulates (2)

3. Dust, Clay, Concrete
b
KO T Cs
0, $i5 7
20 ////%Z/////m 50 % A
+  anyisotope
*  not racicacuve uniess isolopes atlach
*  high grade rust
»  pnmarily Fe,0, or soma other iron oxide 4, Feed Water Colloids
containing Co - S&/80, Cr - 51 & Mn - 54
Fe,0,
2. Resin _ Si0,
organics
*  any isolops
- <« not radioactive unless isotopes attach
5. Bacteria
+  Bead fracture or powdex
+  anyisolope +  Usually not radioactive
+ notradi ive unless i altach
Note

+  130l0pes yiaid activity releasa
« - all panicles add 1o filter burden & clogging

1

% Particulate

0-95%
0-95
50-95
5-90
30-90
90 - 100
0-2

0-2



Particulate Properties (1)

*  determine filter sizing

Particulate Properties (2) Particulate Properties (3)

-

3. Quaniity 5. Radioactivity

the more you have the quicker the filter plugs

. ¢ «  QXposure
5 unit is the micron +  measurs as Total Suspended Sclids (TSS) +  release o
vaual ‘za) - 0.00004(:) = activity not important 10 plugging «  need not be related 10 plugging time
= 0.0001 cm *+  generally TSS is 0-10 ppm +  sirbom problems on drying
« see chan for sizing . cangoﬂo,ooo;:pmdynng.u_'udbursl.
+ firationto 5pis easy siudge treatmaent or resin sluicing 6. Charge
0.1 ditficutt :
" «  agglomeration rate
<0.1u exiremely difficult 4. Rigidity «  removal efficiency
o varies with liller
, *  non rigid particias plug faster
2. Unitormity *  backwash/cleaning easier for rigid particles Note
. i *  Fe,0, and bacteria are net rigid
the more uniform the higher the icading L] «  Many of the above properies change with
GiL Nﬁ" time. This can be used 10 1mprove processing,
It aiso means real lime testing on real streams /5
a must
—ts vs e e
—_— e o
Colloids How To Get Colloids
1. Smallparticles 1.0-0.01u 1. Filer F'm.t:ln out. They p
roblem: are very fine and require uitra
2. Usually charged filration or reverse osmosis.
3. Charges keep the paricies from aggiomerating 2. Letthem sente out.

Problem: May take years.
3. Ignore them.
e - Problem:  They are a major source of
radioaciivity.

4. Charges aftract other lons

@E@

5. Frequently composaed ol iron oxide (Fez0;) and
silica(S©O7)

4. Coagulate them using a coagulant (allum, lerrous
sullate, polymu)u“‘g Jaantt

agg;

< y Problem: Too much of a good thing can
8. Ohan from corrosion of stainless steel. These colloids

In & reactor will contain Fe-59, Co-58, Co-60, Cr-51 cisperse the collows

and Mn-54 Too ittla does not do the job

7. Ag 110m is usualy 80-95% colloidal

Each solution must be tesied



Tetrumorony

Filtration Goals Filters Filters
Maximize removal 1. Cycle time - hwbnoannqowm»mplugm Murphy's Law of Fitration: unﬁnuﬂnmm
particies that need
Minimize waste 2. Sizing. what size particies will i remove romoqu. il‘.wiﬂ plugin 2
Minimize cost 3. Shamness of rejection - what perum:zo of a given o ;
— size particle Corollary: If it doesn plug it won

4. AP(detaP) - prassure buildup the i f o

Maximize run time (filter kifa) *  usual cause for ,.':'o;’.? from o Filter Types
service

Minimize manpower 5, 1. Carridge - Dlsposabh 1-201

L

Backwash - feversal ol flow direction 10 ciean fiter

6. Flow. mmdu:.wwmummm.gnma = =
= E" wound fiber
*‘l" \' pleated paper / bag
B il
W J Bl SvaEng AkA
Filter Types (continued) Filter Types (continued) itz Tapen foaninued)
2. Precoat  FmNL PRRTIULNTLS 4. Depth Can Wap ~o.lu 8. Cross Flow

= BuT VOLMT /MLRTAST

] [L s
At e -comenaon
== precnat can be SRt

® sand or carbon used — SR Bl

- . powdared resin ® media coars be - ~- melal
:. diatomaceous earnh ° vlnm; P : ; ;
: \ ¢. any fine matenal ' (‘
/ . = <= .SELF, Cewtrwuwovs  FLuSegswt
element
5. Mambrane
Disk
3. Etched Di /.J\.
= Mambrane 0peniNgs can
'E -[. \. reverse osmos:s O.wlu:wy
- =} - 9\, ulafiason 0.1~ 0.001
« can ba used for molecular sepation
- Ef\ = astack of etched disks 78\ -canbelomed as sheats or hollow Mers
— = 9 == Canbe used with precoat
= SHRT LIFETME Fk Hin lLoadidt
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Filter Strengths (and Weaknesses) How To Know What's In Your Water Typlesi Wastowater Analyate i

Filtes Strengtn Weakness Particulates 1. Non-Radioactive Species
1. Canndge Dispossdis Expensive
wm :u-u.-m 1. Graded Filers Species ppm meq/|
IPOITe ON
Fer Na* €0 261
>y ony Ca? 5.4 0.27
2 Precost High fow High wasie voiume CM“Q" 6.7 0.56
Gaod sranon 10 1p >1y oy Sucsion S0,? gg 33;
3. Eichad Disk m h.l. :d 0 clean g'o 2‘2 gzog
s !
volume Cycle ames Toé 4
4. Depmn Good remevel ot Y « Use several fillers over desired range Conductivity 41Sumho (uS)
Cangowl.iu volume 0.g. 101, 51, 2, 1, 0.45u, 0.22
5. Membrane encolent remcvel ¢ inexpensive pH 6.7
removes coloids Expanave « count filter papers (geometry)
Mamoranes abct o count influent and etivent
Reec weste sweam + use the effluent from one test as the
influent for the next finer filer
0. Cross Flow oncotont removal Rejoct wasta sveam * definitely worthwhile
vanisbie ez9 Fouling )
2. Panicle Sizing Instrumentation
+ expensive
, + distibulion problam
L)
¥AGMES 08B ow
" "
Typical Wastewater Analysis (2) lon Exchange Basics lon Exchange Basics (continued)
1. Radioactive Species A. Reactions ; C. Regeneration
Species pCuem? meq/ | ' 1. Genaral Force the media into its' original form by using
) 5 high concentrauons of the proper 100,
Cr-51 14E-4 . .
Mn-54 o8 S-S : E:: f 8.9. H2SO, can reverse reaction 8.1.
Co-56 8.0E-4 9 E-10 @—A —_— @—B NaOH can reverse reaction B.2.
Co:60 2.5E-4 1E8 \ AN
131 1.8E4 1E:11 25
Cs-134 1.0E-3 6E-9 D. Selectvity
Cs-137 1.5E3 1E7 2. Cation exchange The praierenca for one ion over another
Ais usuatly He, Nae, NHye (L+) 0.9. clays prafer Cs+ over Na+
3. Anion il anses from:
Alis usualty OH-, G (H280y7) - charge lo size ratio (e.g. organics)
— B. Neutalization - size (e.g. zecliles)
1_@_ H « N& . ®_ Na » H' - cheamistry (e.9. chelating resins)
2(B—O0H+ O —= (Rf—C + OH - solubility {e.g. CI- on Ag)

AL H + OH == HO (Diwater)
DL - (oniERp WATRR



Types of Materials Properties of Exchangers

1. Organics - bead, macroraticular 1. Sizs (bead vs powder)
2. Selectivity
3. Temperatre Resistance (structural, flunctional)
4. Capacity

2. Zeolltes - crystaline clays, antificiat 5. Mechanical srangth i
6. Purity (siandard va nuclear grade)

O

3. Glass based - high surface ares

4. Carbon basad - high surface area

5. Inorganic oxide - high surface area

n L
lon Exchanger Performance lon Exchanger Performanance lon Exchanger Performanance
Capacity - amount of ion that can be remaved Caiculations involving Capacity Throughput
. a.  capacity lor Na° «  volume of water that can bs lreated by a given

volume of media

eqwi = al wi/charge = 21 = 233

*  typically in gaut®

cation resin capacity = (2ea1)(23g/eq) = 46 gA

| Estuen «  often measured in column or bed volumes
' b. capacity for Ca* gavit? » 7.5 « bed volumes
«  usually quoled in equivalenisfiter or meg/mi
eq Wi = at wicharge = 402 = 209
» typically in the range cation resin capacity = (20/1)(20g/eq) = 40 g1

2 mag/ml {or organic cation
1.3 megyml for organic anion

¥ Aa FeR SQUUTIVE MDA -
+  not very meaningiul for selective media



lon Exchanger Performanance

Throughput Calculations

lon Exchanger Performanance

Some Notes On Throughput Calculations

lon Exchanger Performanance

Decontamination Factor (DF)

Influent concantration

What is the throughput expected lor wastewater
that contains 40 ppm Na. Assume the capacity of
the cation exchanger is 1.9 meg/mi (eg/).

+ if more than one cation exists you must sum DF = e concenireson
the meaA of all the cations and use the sum to
calculate the capacity 0.g.

The waler containg 40 ppm Na = 40mg Nai water * inany solution the total megA of calion must

; . Cs=3.0x 1-0‘;|CVm| influent
equal the meg/ of anion ¥ MIXW g&0s

¢omon 1.0 x 10pCimt effluent
40mg Na/l water = ———0— = 1.7 meq N/ waler b

the throughput for the cation resin is :

1.9 0o/ resin 1.9 00t resn
T.7megA walet 1.7 % 10s0A waier

« 1100 | water/l resin

il the solution is neutral pH then }

Prougnou cason | _capacky cuscn
TWOUQNDUL BroR Capacaly reon

caleulations for selective media are next to
impossible

3.0x 104
OF 10a10° %0

" This says 1730 of the Cs is getting through.
~LARGL DF , THE EeTTER

- pw only ToT BunS
= 1100 column volumes

= (1100)(7.5) gatm®
= 8250 gat®

lon Exchanger Performanance lon Exchanger Performance lon Exchanger Performance

WASH-OFF
Influend
Residence Time - NewBed [
volume ol bad A
residence time s——=ree—
+  langth of time for exchange Effluent
« the longer the betler
+  walch your uniis during calculalion — HiaH OF
0.0

2

for a 50 cuM bed at 30 gpm -
Tuma (Voi
S0 R°Y7.8 .
residence ime = 28T Leaking Kpecro™,
Approomaie
=12.8 min = " e
Time (Voi)
Depieted
¥Stow Flow il AcogmT
fok R<sm RESPIMLT Br77ZR .

NS Concantzakon —=

» TRatkwu OF 100 GumanisRs
% $&1 Totapanict LIVEL

I'T'O IC'((. g
pi‘H Combuclivity ¢ BY watdimg I’H w Catiow Bios

¥ o Beps “PAPLTEY ity BoTTwn R(AH NEVIAL (A)
TEELUAT (owDVelwily Smani AS INFLNT .



Bed Use

1. Simple
Remove media at
breasrough

2. Cascade
Replace media in | when
2 brsans Mwough, then
move | betwna 3

®
3. Mixed bed
4, Selective

lon Exchange - Filtration

Whar's in the water — ALWAYS ANALYSE FIRST
Solids - size, nature, amount
lons - what kinds, how many
Non ionics - oils, etc. *

Usa filter tasts, conductivity, pH, I’ spectroscopy,
alomic absorbtion (AA), inductvity coupled plasma
i_erP , ion chromatography, total organic carbon

). ol and grease

What must be remaved
Where is the water going
Selective vs non seiecuve
DF needed

Flow rate
Peak / normal

Vessels / Fitters
Size, number, in plant, mobil, shuicable

Wil k work — ALWAYS TEST THE REAL WATER

3 Shert Gher Mo

4. Conatarwt Co leshage

S High Colovels in e WMT
6 Consant leahage of 8
isowpes

Hardware

R15in) XFER
By SLulLY

* Dose REDAToN

1. Pressure vessel

2. Relention schema (tubs sheei or hub and lateral)

3. Influent distributor (screen, plate of hub and lateral)
4. Resinout

(5.) Regeneration equipment
Typical dimensions:  Height 5.7 lest
Dia?l:‘om 2-4 laot
Volume 20-60cuft

P PRESUNITLD  Sysrls ARE MoRE EFFICINT

Trouble Shooting Your
lon Exchange / Fiitration System

Prablem Passidie Cousals)

Poor CoCilag removel :&du
& Compieves (decon Muad)

2 Shonbedile all

b. Orpanics (sospe/detergents)

& Hagh conoucuwey

& Too much sAxige (Time 10 Clean
W e res)

B. Wrong fype of Bher

& Cruobwe

a Coloide

0. Soapadearpents

8. Compieass {gecon uids)

a Poot shucing
b. Poor tegensrsiion

KNOW WHAT IS GOING ON IN THE PLANT

Filtration - lon Exchange System
1. Typical Schematc

drein

WHUT Filer Casbon fon Exchange Wt

2. Typical Layout
Wlu\' -

QO

Start a Test Program

You need:
1.  Knowledge
Qther courses
Read books / literature

— Aftend meetings - EPRUWM
== Talk 10 vendors (lachnical section)
~— Talk 10 other ulilities

= Thaere is ofisite dose lo be reduced



lon Exchange Test System (1) lon Exchange Test System (2)

1. Equipment 2. Calculations
Vave OF
- = Total Volume
|
Vaiee 1
Wasiowaier Pume T F oF - >
|| £
¢ need timer 3. Results
) sifiuent o e o ¢ DF will probably be better in full system
. mloﬂ.owlomlduuldonelﬁmh ¢ capacily to 1-2% of full system
real system .
«  column diameter >10 media diamaters usaful for media selection
¢ testreal water, real ime 3
“
-
lon Exchange - Where to Learn More Useful Information
1. Books Measurement
Kunin *lon Resing”
anafw% 1000 microns () = 1 millimater (mm) = 0,039 inch
2. Courses 100 u Is the width of a pen stroke
Am. Inst. Chem. Engy.
3. Vendors 1M3«353 1310001
& Organic Resins 1103=2831=748ga
Dow, Rohm &
Purcite & Fiass, Mobey, Sybrontonac, 1g8ad?9!
> a.cbny Unhn(‘.ui:ld. 20 mesh 840
g , Steshead, Duratek m
% e Houte Natl g mesh g:
N oulgs 1w“"lh » .
Or, Harbort G. Suner ssh
Scienifle Applications
eacneuonat Corpartion = Atomie Equivalent Power Plant
s lon  Waight  Waight Soures
mw ol Nae 23 23g sall, sosp
Cas2 40 209 concrete
KLY ass salt
2 98 48 concrets



