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Abstract
High Level Liquid Waste (HLLW) storage tanks with large storage capacity weighing a few tens of MT are proposed to be used in Fast Reactor Fuel Reprocessing Plant (FRP) of Fast Reactor Fuel Cycle Facility (FRFCF), Kalpakkam to store the HLLW. Six years storage capacity is envisaged for allowing Ru106 to decay sufficiently before sending the HLLW for vitrification. These tanks have lot of internals such as cooling coil (2 km piping with about 600 welded Joints) arrangement with ballast tanks positioned inside the vessel to remove decay heat and agitation respectively. Presence of high radioactive fields coupled with highly concentrated nitric acid and remote chance of maintenance after commissioning demands well proven design, material selection, fabrication, meticulous Quality Assurance (QA) practices and transportation methodology to be employed. This paper dwells upon the design, manufacturing aspects and transportation methodology used for the fabrication of such critical high capacity tanks. 

HLLW tank, weighing around 67 MT, is a Horizontal cylindrical tank with capacity of 212 m3 fabricated using torispherical formed heads of 4.7m ID with overall length of 13m. Material of construction for all the components of the tank is AISI 304L with tailor made chemical composition and other supplementary requirements. The welding process used was manual & semi automatic Gas Tungsten Arc Welding (GTAW) with ER308L filler wire. Prior to fabrication, a detailed study was made to decide the simultaneous fabrication of individual components & the assembling sequence from the point of fabricability & inspectability in tandem with the project delivery schedule. Based on the above, manufacturing sequences cum quality assurance plan were arrived. Accordingly, the individual shell courses, baffle plates, ballast tanks, saddle supports, cooling coils & air spargers, dished ends with outlet piping, machining of nozzles, manholes, deep feed piping of all tanks were fabricated simultaneously, assembled & final testing completed. Production test coupon has been put in place in qualifying all special processes such as post forming heat treatment. Because these were over dimensional consignments, these tanks were transported & unloaded after a detailed road survey, as per approved methodology. 

A well designed, thought provoking and proven design, manufacturing sequence & Quality Assurance Plan (QAP) and its effective implementation resulted in the successful fabrication of such critical and complex tanks.

INTRODUCTION
FRP will adopt reprocessing of Fuel Subassembly (FSA) & Radial Subassembly (RSA) of Fast Breeder Reactor Fuels and Mixed Oxide (MOX) rejects. The waste generated from these will be stored in the Waste Tank Farm (WTF) tanks before taken up for further processing. WTF of FRP stores Category III, IV and V wastes, Organic Liquid Waste (OLW) and Analytical Liquid Waste. Activity Level in the waste for Beta-Gamma Emitters more than 104 mCi/L are categorised as Category V. Raffinate evaporation pertaining to FSA and RSA processing generates Category V wastes which will be stored in the HLLW tanks.
The capacity of 212 m3 and optimum number of tanks to store HLLW is arrived on considering the holdup capacity required for Ru106 decay to sufficiently low levels before sending the HLLW for vitrification and in line with rate of arising of waste from the plant.
SPECIFIC Design Requirements

The basic design requirements of HLLW tanks are the removal of fission product decay heat using cooling coils, agitation of suspended solids using ballast tank, addressing various types of potential corrosion viz. uniform corrosion, Intergranular corrosion (IGC), transpassive dissolution, end grain attack (tunnelling corrosion), localised corrosion (pitting, crevice corrosion, Stress Corrosion Cracking), vapour phase corrosion and galvanic corrosion. And the environment like high radiation field, highly corrosive atmosphere, requirement of remote operation, not amenable for any kind of in-service repair or maintenance and design weld joints to avoid any crevice corrosion are also the specific design requirements.

2.1. Design for Horizontal Cylindrical Tank: Procedure for qualification of HLLW tanks were established and validated with the results for functionality, structural & pressure boundary integrity. The maximum principal stress (σm+ σb) is 30.9Mpa for static load, 163 MPa for dynamic load and 166 MPa for the combined load case (static + dynamic) and 224 MPa for thermal load case, which are found well within the code allowable stress limits. Hence these tanks are safe for the entire applied static and dynamic (designed) load [1]. Design code used to qualify the tanks is ASME Sec III Div.1 Sub section NC. 
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Geometrical: The horizontal cylindrical tank is of welded construction with torispherical dished ends. The tank is supported by means of saddle, welded to the tank shell via reinforcement pad plate attached to the tank shell as shown in Fig.1. The geometrical details are given below:

(a) Inside Diameter : 4700 mm

(b) Tangent Length: 11000 mm (TL to TL)

(c) Shell Thickness : 12 mm

(d) Torispherical Dish Thickness : 12 mm

(e) Reinforcement Pad Thickness : 12mm

(f) Rib & Web plate Thickness : 25 mm

(g) Base Plate Thickness : 48 mm

(h) Baffle Plate Thickness : 12 mm 

2.3. [image: image5.png]50
S
&

A

32

112

162

DETAIL - ‘X’

01-012,0SP1-0SP4,
E01 & E02 NOZZLE (40DN)

AN



Material of construction of the tank components is SA 240 304L for plate and SA 312 TP 304L for pipes with customised chemical composition and supplementary requirements. The input data required for finite element analysis are obtained from ASME Sec II Part-D viz. density of steel as 8030 Kg/m3, modulus of elasticity as 1.89 x 1011 N/m2 (at 105oC), Poisson’s ratio as 0.3 and co-efficient of thermal expansion as 16.38 x 10-6 mm/mm/oC (at 105oC) and were considered for design and qualification of the HLLW tank meeting ASME Code requirement.
2.4. Design pressure of HLLW tank shell & torispherical head is 0.61bar (g) for internal and 0.08 bar (g) for external.  Cooling coil pressure is 7.9 bar(g) for internal and 0.08bar(g) for external, ballast tank external pressure is 2.8 bar(g) with design temperature of 105oC are the design requirements.

Establishing material of CONSTRUCTION (MOC)
The HLLW contains highly radioactive fission products which are of high redox nature suspended/dissolved in dilute to concentrated HNO3 which is from boiling to vapour condition. The MOC of HLLW storage tanks shall withstand the said environment for its indented life time without any failure.  
AISI type 304L Austenitic Stainless Steel (SS) will continue to be the main material of construction for the FBR reprocessing and waste management plants. In order to improve the performance of this material the specification of tramp elements and carbon were optimized. The optimized stainless steel product forms were tested in the nitric acid loop for its performance. Additional specifications other than that mentioned in ASME Codes and standards were derived in view of specific design requirements as stated above.
3.5. Additional Specification of SS 304L: 
3.5.1. Chemical composition: Chemical composition control reduces the risk of IGC & General Corrosion susceptibility. The chemical composition used for HLLW tanks fabrication is given in the Table 1 (all in wt %) which was achieved during raw material manufacturing viz. plates, pipes and fittings for fabrication.

TABLE 1
	Grade of SS
	Cr
	Ni
	C
	Si
	Mn
	S
	P
	N

	Commercial purity 304L
	18-20
	8-12
	<  0.30
	< 1.0
	< 2.0
	< 0.03
	< 0.045
	-

	MOC used for HLLW Tanks
	18-20
	9-11
	< 0.025
	<  0.5
	< 1.75
	< 0.008
	< 0.035
	0.06-0.1


In addition to the above, Cu < 0.5, Ti & Nb < 0.1 each, B < 20ppm were also specified for HLLW tank MOC. The above controlled chemical composition also reduces the inclusion content which in turn reduces the end grain attack. In thick plates and rounds, the inclusion content also plays a very vital role in promoting tunneling corrosion. 

3.5.2. Inclusion content in rounds and plates: Inclusion content in steel were measured as per ASTM E45 method A. Six samples were taken from the finished product, three from plates forming top of the slab and the other three from plates forming bottom of the slab . The acceptance criteria are “no thick inclusion is allowed and in thin inclusion; each field shall not exceed 1.5 and cumulative of fields (A+B+C+D) shall not exceed 4”.
3.5.3. Ultrasonic examination: In order to reduce the risk of lamination which might promote corrosion especially when nozzles are welded, Ultrasonic examination of the plates are performed as per ASME Section V. 

Ultrasonic examination of plates: The ultrasonic examination was performed in accordance with A578 and A577 for normal beam and angle beam examination, respectively. The scanning was done 100% on one major side with 10% overlap. The reference standard and acceptance criteria were followed as per the Table 2.
TABLE 2
	Thickness of plate
	Reference Standard
	Acceptance Criteria

	For plates of 6 mm to 10 mm thickness
	1. Normal Beam using TR probe with 2mm-dia flat bottom hole/s (FBH).

2. Angle Beam: DAC Using 3% Notch
	Any indication Above DAC Not Acceptable.

Any indication with amplitude 50 to 100% of DAC to be recorded.

	For plates greater than 10mm thickness and for plates (Thk. < 6 mm) examined in the mother plate stage. The mother plate stage examination was conducted at suitable higher thickness step (not more than 12 mm) of final required thickness.
	1. Normal Beam: DAC using 

a. 2mm-dia flat bottom holes (FBH) for 11 - 25 mm thk.

b. 3mm-dia flat bottom holes (FBH) for 26 - 75 mm thk.

2. Angle Beam: DAC Using 3% Notch 
	Any indication Above DAC Not Acceptable.

Any indication with amplitude 50 to 100% of DAC were recorded. 


Ultrasonic examination of pipes: Ultrasonic examination was carried out based on ASME Section V. The pipes are examined for longitudinal and circumferential discontinuities as per ASTM E 213 by contact or immersion technique. The scanning shall be done 100% on outer diameter with 10% overlap. The reference standard and acceptance criteria were followed as per the Table 3. 

TABLE 3
	Reference
	Acceptance Criteria

	Angle Beam: DAC Using 5 % Notch 
	Any indication above DAC Not Acceptable.

Any indication with amplitude 50 to 100% DAC were recorded. 


3.5.4. Inter Granular Corrosion (IGC) Test
Since majority of corrosion related failures in reprocessing plants are reported to be related to welding, extensive studies and standardization of welding procedures have been undertaken. ASTM A 262 describes practices for detecting susceptibility to IGC in stainless steels without prescribing acceptable limits of corrosion rates. These tests are performed after sensitization treatment in low carbon and stabilized steels to determine susceptibility to IGC after a welding operation. Results from long time [3, 4] service tests indicate that such sensitizing procedure introduce very high degree of susceptibility than would result from a good welding practice. However this is carried out as an abundant measure of precaution which introduces additional safety margin to allow for abuses such as excessive heat input or extensive puddling, which frequently occur in welding operation. 

From extensive studies carried out by Du Pont [2], screening test as per ASTM A 262 practice A would generally be used to reduce the risk of failure due to IGC in nitric acid environment. Those materials which do not pass the screening can be additionally tested as per IGC practice-C (240 hr test) after sensitization treatment with a limit on corrosion rate of 18 mpy which is considered as acceptable [2]. However based on USNRC regulatory guide [5], carrying out IGC Practice-C is mandatory for the SS used in nitric acid environment.

It is to be stressed here, that one should not extrapolate the above corrosion rate under accelerated condition for IGC susceptibility, for estimation of general corrosion rate under operating conditions such as 6N nitric acid. For this, experiments for extended period were conducted. This is being done in a dedicated nitric acid loop in IGCAR [6]. This supplementary requirement of IGC Practice C is a mandatory requirement for fabrication of HLLW tanks.

Manufacturing methodology

Manufacturing methodology of HLLW tanks for bulk fabrication was established after approval of the first torispherical head and completion of fabrication of one tank fabrication for meeting specified technical specification.  Due to uncertainties in achieving the specified quality requirements because of limited access inside the tank, difficulty in establishing welding and NDT procedures due to complex geometrical profiles of welds involved, it was considered safer to manufacture one complete tank prior to bulk manufacture. Although the sub vendors were prequalified based on their past experience and existing manufacturing facilities, forming of torispherical head with larger diameter, stringent thinning requirements by either progressive point pressing or crown and petal construction was finalized after completion of forming of first torispherical head with good workmanship.
Each tank consisted of 8 no’s of cooling coils comprising of 2 Kms of DN 80 Sch 40 pipes, 174 Nos of Butt welding end 180 deg returns with around 600 butt welded joints which has to be 100% qualified by X-radiographic examination. The welding sequence for all 600 joints was finalized after assessing the feasibility of 100% X-radiographic examination for in-situ joints & for accessibility of soap bubble leak testing of pipe to pipe joints. 

WELDING
5.1 Welding Process: Manual and/or Semi automatic Gas Tungsten Arc Welding(GTAW) using Filler metal ER 308L conforming to ASME Sec-II Part-C SFA 5.9 with controlled chemical composition mentioned in 5.2 with supplementary requirements of IGC Practice C and delta ferrite, shielding & backing gas 99.997% Argon confirming to IS 5760 / ASME Sec-II Part-C SFA 5.32, Tungsten Electrode EWTh-2 confirming to ASME Sec-II Part-C SFA 5.12, inter pass temperature 120oC Maximum was maintained, no preheat & PWHT were employed.
5.2 Filler Wire: The filler wire used for GTAW is with the chemical composition of (in weight %) Cr: 19.5 to 22, Ni: 9 to 11, C < 0.02, Si < 03 to 0.65, Mn: 1.0 to 2.0, S < 0.01, P < 0.03, N: 0.06 to 0.1, Cu < 0.5,            Ti & Nb < 0.1 each, Co < 0.25, Mo < 0.1 and B < 20 ppm. This controlled chemical composition in addition to ASME Sec-II Part-C SFA 5.9 requirements was given as a guideline in order to meet the specified IGC Pr.C and delta ferrite requirement and was based on past results achieved during manufacturing of similar tanks for a demonstration reprocessing plant.
5.2.1    IGC Practice ‘C’ Test: This test was carried out on each batch of filler wire. Two numbers of specimens were taken from undiluted weld metal and the acceptance criteria is that the average corrosion rate over the five periods of test shall not exceed 15 mils (0.38mm) per year and the corrosion rate shall not exceed 18 mils (0.46mm per year) in any of the five periods of 48 h test.
5.2.2   
Delta ferrite: Delta ferrite content of the deposited metal measured by means of magnetic instruments (e.g. Ferritescope) was ensured between 5 to 10 Ferrite Number (FN). For measurements of ferrite on a relative scale by means of various magnetic instruments, a total of six ferrite readings were taken on the surface along the longitudinal axis of the weld pad with an instrument calibrated in accordance with the procedures specified in ANSI/AWS A 4.2. The six readings obtained were averaged to a single value for conversion to Ferrite Number.
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Joint Configurations: All butt welds between the abutting sections 12mm and above were designed as double welded joints. All welds between the internal parts & shell/torispherical head were designed to have groove welds. The different joint configurations involved in the fabrication of HLLW tanks were designed such a way that they are amenable for volumetric examination i.e either radiographic examination or ultrasonic examination & are shown in the Fig.2.
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Sub assemblies of HLLW Tank FABRICATION
On considering the fabrication sequence in line with extensive stage inspections involved, the HLLW tank was divided into seven major subassemblies viz. (i) Shell, (ii) Torispherical Heads, (iii) Baffles, (iv) Saddle Supports, (v) Ballast Tanks, (vi) Cooling Coils & Air Spargers, (vii) Internal piping, Internal Supports & Machined Components. The fabrication of Subassemblies was carried out simultaneously and the subassemblies were assembled together to complete the fabrication of the HLLW tank.  

6.1 [image: image11.jpg]


Fabrication of Shell:  The nominal dimension of the plate that was used to construct the shell was 8m x 1.5m x 12mm.  The length of the shell to be fabricated was 10.5m with mean circumference of 14.5m. The required length of the shell i.e 10.5m was obtained by splitting the shell into 7 individual shell courses of [image: image12.png]


nominal length 1.5m and one individual shell course of nominal length 0.3m.  
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Rolling of the plates was performed along the longitudinal direction of the plate. Accordingly, the required mean circumference of each shell course was obtained by joining a plate of length 8m to a plate of length 6.5m by two longitudinal welds. The two adjacent shell courses were joined by a circumferential weld with the longitudinal welds of the two shell courses in staggered condition.

Template fabricated in accordance with ASME section III Subsection-NC 4221.2 was used to check the out of roundness of the shell. The fabricated shell had 16 No’s of longitudinal welds and 7 No’s of circumferential welds which summed to a total weld length of 125 m.
6.2 Fabrication of Torispherical Heads
The specified inside Crown Radius (ICR), Inside Knuckle Radius (IKR) & Straight Face (SF) of the Torispherical head are 4.7m, 50mm & 100mm. The blank was obtained by joining four plates using three butt welds. The butt welds were located in such a way that the nozzle welds does’t foul with these welds. A spin hole of 40mm was made at the centre of the blank to facilitate holding of the blank during point pressing & spinning. The crown radius of the torispherical head was formed by point pressing using die & punches with the punch attached to the Hydraulic press having a span of 5.5m. The required IKR & SF were formed by spinning using the CNC flanging machine. 

After forming of torispherical head, stress relieving heat treatment process selected is solution annealing on considering sensitisation issues which causes IGC. As the solution annealing treatment leads to minor dimensional changes, the torispherical heads has to be re-gauged after solution annealing to meet the required dimensions. Hence, before solution annealing, torispherical heads were formed to conform to the required dimensions on considering spring back effect also. A Production Test Coupon (PTC) having a weld was formed to a radius of 50mm and the PTC was tack welded to the straight face of the formed head. The PTC was also solution annealed along with the formed head & ASTM A 262 Pr.A, hardness tests were performed on it in order to access the effectiveness of solution annealing.

6.3 Solution Annealing: 

The furnace that was used to perform the solution annealing was a diesel fired furnace of dimensions 8m x 7m x 2.5m and water quenching was done in a quenching bath of dimensions 7m x 6.5m x 4.5m [Fig.4]. The High speed diesel (HSD) used had sulphur content less than 1% by weight. Six thermocouples were placed at different locations on the inside and outside surface of the heads to ensure that the dished end is subjected to the required solution annealing temperature and to control the furnace temperature. The variation of the temperature with time from loading to unloading of the torispherical head from the furnace was recorded by the calibrated temperature recorder to obtain the Heat Treatment (HT) chart.

The dished ends are solution annealed in accordance with loading temperature < 400oC, heating rate          < 150 oC per hour above 400 oC, solution annealing temperature of 1065 ± 15oC, ½ hour soaking time, unloading temperature of 1065 ± 15oC, cooling rate was such that the temperature drops from 1065 ± 15oC to room temperature within 3 minutes and no direct impingement of the flame on the dished end during heating cycle.
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After solution annealing, mechanical cleaning was done to remove the heat treatment scales & LPE was performed on the entire inner & outer surface of formed heads. Thickness measurement was carried out on the entire formed head and the reduction in thickness due to forming was found to be maximum on the crown of the torispherical head. The reduction in thickness was restricted to a maximum of 1.2mm in accordance with IS 4049.
Hardness measurement was carried out on the entire formed head & the hardness due to forming was found to be maximum on the straight face of the torispherical head. The maximum hardness was restricted to less than the base metal hardness i.e 201 BHN. The required dimensions of the torispherical head were verified using templates that were fabricated in accordance with ASME Section-III Subsection NC-4222.

ASTM A 262 IGC Pr.A tests were performed on the PTC. The tests revealed step structure on the base metal & HAZ, isolated ferrite pools on the weld as shown in Fig.5 & which are acceptable. The welds of the formed heads were again subjected to radiographic examination after which surface treatment of the entire formed head was completed. The inspections specific to the formed heads were performed at different stages of fabrication of the formed heads. 
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6.4 Assembly of piping to Torispherical head: The outlet piping pertaining to the formed heads were fabricated simultaneously. The assembly of the fabricated outlet piping to the formed heads was completed as shown in fig and the subassembly was made ready for assembling.
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6.5 Fabrication of Baffle Plates: Required height of the baffle was obtained by joining three plates after cutting to the required profile by two longitudinal butt welds. The butt joints were oriented in such a way that they doesn’t foul with the baffle holes. The required number of holes (91mm ± 0.8mm dia:184 nos &49mm ± 0.8mm dia:6 nos), rectangular slot at the centre were done using CNC machine. The completed baffle is shown in Fig.7.
6.6 Fabrication of Cooling coils:  There are 8 cooling coils in a tank and one of the cooling coil arrangement having the pipe, 180 deg returns & 90 deg elbows is shown in Fg.8. The Nominal dimensions of the pipe and pipe fittings used for the cooling coils are DN 80 Sch 40 pipes (length varying from 5.2m to 6m), 180 deg returns &90 deg elbows. The end to end distance between the 180 deg returns at the ends of the cooling coil is 10.8m & the required length is obtained by joining two straight lengths of pipe by butt welding. For the purpose of inserting the cooling coils inside the holes of five baffles, the entire cooling coil was divided into a subassembly consisting of a straight pipe of length 10.8m(obtained by joining two lengths of straight pipe) with a 180 deg return butt welded at one of the ends.
All the subassemblies were fabricated simultaneously at clean shop floor environment. As the pipe to pipe butt weld of the subassemblies are inaccessible for soap bubble leak testing after the assembly of entire cooling coil, the two butt welds of the subassembly was subjected to soap bubble leak testing at a pressure of 9 bar(g) in shop floor & the subassembly was subjected to surface treatment after leak testing .
6.7 Sequence of Cooling Coil Insertion: The fabricated subassemblies were assembled together in the following sequence to complete the fabrication of the cooling coil of the HLLW tank. One of the subassembly is inserted through the baffle from the RHS side and the other subassembly is inserted through the baffle holes from LHS side. After insertion, 180deg return of the subassembly inserted from RHS side was joined to the straight pipe of the subassembly inserted from LHS side by an in-situ butt weld located at the RHS side. The subsequent subassemblies are inserted through the baffles by repeating the activities as mentioned above to complete the assembly of cooling coils.

To permit X-ray radiography of the in-situ butt welded joints, the insertion of pipes of all the cooling coils were taken from bottom to top as per the sequence shown in Fig.9. Once X- radiography of in-situ weld joint at a particular level of cooling coil was completed, insertion of cooling coil pipes of the subsequent level was taken. It was ensured that the entire butt welded joints were subjected to 100% X-ray examination meeting the stringent acceptance criteria.  By following the assembling sequence, the assembly of all the cooling coils of HLLW tank was completed.


6.8 Surface Treatment: Surface treatment was carried out in piece parts, sub assembly, assembly and completely assembled stages of HLLW tanks fabrication as per established procedure in line with ASTM A 380 to improve corrosion resistance on fabricated/ machined SS components. However no Hydrofluoric (HF) was used at any stage. Weld joints were locally passivated using HNO3 with barium sulphate as carrier.
INSPECTION AND ACCEPTANCE CRITERIA OF WELD JOINTS:

7.1 Visual examination (VE): VE on welds and internals was carried out with a minimum lighting level of at least 1000 Lux.  For visual inspection aids like boroscope, mirrors etc. were used wherever necessary to properly examine inaccessible or difficult to see surfaces. Acceptance criteria/limit for the welds: Allowable undercut is 0.3 mm maximum, arc bites, lack of penetration, cracks, lack of fusion, root concavity more than 0.8mm or 10% of WT whichever is less provided resultant weld thickness is equal to or more than the base metal thickness were not accepted, reinforcements were ensured for uniform on root side 1.6 mm maximum and face side 2.5mm of the welds.

7.2 Liquid Penetrant Examination (LPE): LPE was carried out conforming to the requirements of ASME Section III, Division 1, Article NC - 5000 and Article 6, T 600 to T-690 of ASME Code Section V. The penetrant, cleaner and developer were tested and certified for halogen (maximum permissible 25 ppm) and sulfur (not more than 1% by weight) content for each batch. The liquid penetrant examination was carried out on both root and final pass of all weld joints. The acceptance criteria is “any crack or linear indication and any rounded indications with major diameter greater than or equal to 1.5 mm are not acceptable”, cluster and aligned indications are not accepted.

7.3 Radiographic Examination (RE): RE was carried out in accordance with ASME Section III, Division 1, Article NC-5000 and ASME Section V Article 2, T-210 to T-292 on all welds with X-rays using approved procedures with qualified radiographer. X- Radiographic examination is mandatory for all butt welded joints. When X- Radiographic examination of a weld joint could not produce interpretable radiographs; Ultrasonic examination were substituted for X- Radiographic examination. All nozzles to shell joints were subjected to ultrasonic examination due to above mentioned limitation.  Repaired areas were examined as per the requirements for the original weld.

The acceptance criteria are “any cracks, lack of penetration, lack of fusion and root concavity are not acceptable. Any other linear indications such as undercut etc. with more than 2.5mm in length are not acceptable. Isolated rounded indications including tungsten inclusion with major dimension more than 20% of the thickness are not acceptable.  Cluster and aligned porosities are not acceptable. Two neighbouring indications shall form a continuous defect if the distance between them is less than or equal to six times the length of the shorter of them on a 300mm length of the weld. The maximum acceptable cumulative length of defect shall not exceed 10mm in 300mm length of weld.”

The entire radiographic films were digitalised, indexed using appropriate software along with associated documents and archived as asset and knowledge management.
7.4 Ultrasonic Examination (UE):  UE of groove welds was carried out using shear wave angle beam technique with 45° and 60°/70° probes in accordance with ASME Section V Article 4.  Scanning was carried out for 100% volume coverage of the weld with 10% overlap.  Artificial reflectors were made on weld coupons similar to the parts examined (butt weld, nozzle weld etc). Artificial reflectors to construct DAC consisting of cylindrical holes of 2.0 mm diameter drilled axially through the weld, parallel to its scanning surface and shall be in accordance with ASME Section V Article 4 T-434.2 and T-451. 

The procedure developed was approved and the examination was performed by an operator qualified as per SNT-TC-1A or IS-13805 or equivalent. Repaired areas were examined as per the requirements for the original weld.  

The acceptance criteria are “Any indications crossing the DAC are not acceptable. Any non-volumetric indications characterized as cracks, lack of fusion, lack of penetration and undercut are not acceptable. Any other indications whose amplitude is within 50% - 100% of the DAC were recorded”.

PNEUMATIC PRESSURE INTEGRITY TEST OF HLLW TANK: 

The pneumatic pressure test for integrity of the tanks was carried out at the specified pressure for cooling coils at 9.0bar(g), ballast tank and the entire tanks as per article NC 6300 & 6400 of ASME Section III, Division 1. The HLLW tank & cooling coils, ballast were pressurised using nitrogen for pneumatic pressure integrity testing. Minimum of two pressure gauges, calibrated as per IS3624 class 1B, were provided at proper locations for observation. The covers or caps used for temporary closure of nozzles/openings were made out of the parent metal and welded/fixed and the same was not removed after testing and was remain during transportation. The temporary closures were retained and the tanks were delivered to FRFCF with those temporary closures. The test was conducted as per detailed approved procedure. Due to difficulty in complete draining of the water from the tanks and due to process requirements, hydro testing was not permitted.
Reinforcement pad/plate welds were tested as per approved procedure. All the joints were tested for leak tightness during pneumatic pressure testing with soap solution. The soap solution and DM water used were checked for halogenides (maximum permissible 25 ppm) and sulphur (not more than 1% by weight) content. The acceptance criterion is “Leak in any of the joints or pressure drop during testing is not acceptable”. The tanks fabricated, inspected in all respects were pneumatically leak tested with soap solution at a minimum test pressure of 1.5Kg/cm2(g).
Packing, Loading, Transportation & Unloading:

Packing: After leak testing, the pressure of nitrogen inside the tank & cooling coils were reduced to 0.5 bar (g). The tank was transported under a pressure of 0.5 bar (g) nitrogen.  The projections of the cooling coils above the shell of the tank were protected by means of wooden boxes reinforced with steel supports in order to avoid transportation damages. The tank was covered with HDPE leak tight covers to avoid outside contamination during transportation. The packed tank was loaded on to the multi axle hydraulic modular trailer consisting of 8 axles with a puller as shown in Fig.10. The method of loading onto the trailer was by jacking method. 
Road Survey: The distance to be transported for the fabricated HLLW tanks was around 2500 km from manufacturer premises to FRFCF site. Hence detailed road survey was made to ensure safe transportation route for clearing sign boards, HT electrical lines, toll booth obstructions, alternate routes, bridge crossings. The approvals from local authorities were obtained for clearing above hurdles on en route time to time in advance and to minimise the waiting time of the tailor carrying HLLW tanks on road and optimised for safe receipt at site. An escort crew was accompanied during transportation and updated the status on day-to-day basis and average transportation time was around 48 days. 
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FIG.11 Fabricated HLLW Tank, packed condition & Handling at FRFCF
Unloading: A detailed Job Hazard Analysis (JHA) was made & safety clearances were obtained prior to the initiation of unloading at FRFCF site. The unloading of the HLLW tanks by jacking method from the trailer involves wooden sleepers were placed on either side of the two saddles of the tank so that the projection of the saddles of the tank outside the trailer bed rests on the wooden sleepers. The axle of the trailer was lowered slowly (trailer have in built jacking facility) such that the tank is unloaded from the trailer bed & rests over the wooden sleepers. 

The nitrogen pressure inside the tank & cooling coil were checked for a pressure of 0.5bar(g) in order to ascertain that no transportation damages occurred. Visual examination of the entire tank was also performed at site & no visual damage was observed, the tank were accepted at site.

Conclusion: 

Design, fabrication and transportation of HLLW tanks required diversified nature of works such as dished end forming, solution annealing, procurement of base materials & filler wires with tailor made chemistry, safe transportation of Over Dimensional Consignment, heavy lifting, Water jet cutting etc. require sequential and well planning for timely completion meeting the project schedule. Dished end forming required suitable hydraulic presses, Spinning Machine etc whereas Solution annealing required Calibrated Furnace, quenching bath, thermocouples, recorders etc. Hence, there was a mandate to identify, qualify the different sub vendors that were specialized in each of the diverse works & the same was done after accessing their capabilities. Each of the work executed by the vendor & sub vendor were inspected meticulously & the fabrication, Inspection & Testing of all the HLLW tanks were completed in accordance with the requirements of the technical specification & ASME Sec-III Subsection NC. Considering the storage of hazardous radioactive waste in these tanks, necessary precautions were also taken in each stage of fabrication & all the welds were subjected to volumetric examination. All the completed HLLW tanks were safely received at FRFCF site and are kept ready for erection. 
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FIG. � SEQ Figure \* ARABIC �1�.Overview of HLLW Tank





FIG.2 Types of weld joint configurations





FIG. 3 Fabrication shell courses





FIG.4 Solution Annealing and gauging of torispherical head





FIG.5 ASTM A 262 IGC Practice A Test Results





FIG.7 Dimension of the baffles & orientation of welds





FIG.6 Assembling of Outlet Piping to the Torispherical head





FIG.8 Typical Arrangement of one of the Cooling Coil





FIG.9 Insertion Sequence to permit Radiography of Insitu Joints





FIG.10 HLLW tank transportation arrangement
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