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Ldl Ndl BAU

L6 phdn ufng hat nhdn 0d I at (LPUHN0L) dUdc khoi phyc t d Id TRIGA 
Mark II, bit dau boat dong ndm 1963 vdi cdng suat danh djnh 250 kW. Ndm 
1975, khi rut quan khdi mien Nam, My da mang di het cac thanh nhien lieu 
uranium lam cho Id phdn ufng (LPU) khong boat ddng dope ntfa.

0Udc sU giup dd cua Lien xd (cu), cdng trlnh khdi phqc vd md rdng 
LPUHN0L di/dc tien hdnh trong cdc ndm 1982 -1984. Ngay 1/11/1983 
LPUHNBL dddc nap nhien lieu dd'n trang thai tdi ban. Sau mot thdi gian khdi 
dong vat ly va khdi ddng nang li/gfng, ngdy 20/3/1984 LPLf da chinh thufc dda 
vao boat ddng vdi cdng suat thiet kd' 500 kW.

Vide khdi phuc LPUHN0L thi/c chat la trang bi lai hau het cac he cdng 
nghe. Ode thanh phan cu cua Id TRIGA Mark II edn giuf lai la vanh phdn xa 
graphite, thung Id bing nhdm, 4 kdnh ngang thf nghiem, cdt nhiet vd tudng 
be tong edn xa sinh hoc. Cac he thd'ng cdng nghe mdi cua Lien xo dap ufng 
nhu c’au nang cdng suat Id len gap doi, 500 kW, vd nang cao mufc do an 
loan bufc xa. Cac he nay gdm vung boat, hd thong tdi nhiet cho nude LPLf, 
he thong dieu khien va bdo vd, he thong kiem tra an toan bufc xa, he thong 
thai khi phong xa, he thong xd ly chat thdi phong xa Idng, he thong chdn cat 
cac bd thdi phong xa, he thong cung cap didn cdng nghiep Uu tien vd dien 
sU co ...

Trong cac he cong ngh# neu trdn, vung boat cua LPU Id thanh ph'dn 
quan trong nhat. Vung boat mdi sd dqng cac thanh nhien lieu loai VVR-M2 
cua Lien xd, Id hop kirn uranium-nhom, dat lot vao trong vanh phdn xa 
graphite cu cua Id TRIGA Mark II. Mdt lUOng beryllium dUOc dat vao tarn 
vung boat, tao nen mot bay notrdn, va d mdp ngoai vung boat, tao nen mdt 
vanh phdn xa bo sung.

LPUHN0L Id LPU duy nhat trdn the gidi lai tao gida loai Id TRIGA cua 
My vd loai Id VVR cua Lien xd. Odng vd phUOng dien vat ly Id phdn dng, 
LPUHNOL co ba dac diem chfnh sau ddy khac vdi Id TRIGA:

1. Cac thanh nhien lieu loai U-ZrHn cua Id TRIGA, co he so phdn hoi 
am Idn theo nhiet do, dUOc thay bdng cac thanh nhien lieu VVR-M2, Id hop 
kirn uranium-nhom co he so phdn h"di am be theo nhiet do. 0ieu do co nghTa



la thay vung boat co ti'nh chat an loan noi tai cao bdng vung boat co tinh an 
toan noi tai thap hdn.

2. Viec dufa vao vung boat mot bay ndtron d tarn va mot vanh phdn xa 
beryllium bo sung 6 vanh ngoai lam nang cao mdt do thong lufpng ndtron d 
tdm vung boat va lam cho phdn bo trUdng ndtron trong vung boat trd nen 
phufc tap hdn.

3. Viec dUa them vat lieu beryllium vao vung boat dan den s\J xuat 
hien cac photondtron tre do tddng tac cua cdc gamma ndng lupng tren 1,66 
MeV vdi vdt lieu nay. Cdc photondtron tre co the cd dnh hudng den dong 
hoc LPU va vdn hdnh LPU.

Viec nghien cufu cdc dac diem nay cua LPUHNBL la van de ly thu cd 
til phddng dien vat ly LPU Ian phddng didn bdo ddm van hanh an toan Id. 
Trong tuydn tap nay tap hdp mot so bdo cdo khoa hpc va cdng trinh khoa 
hoc cua tdp the cdc can bp khoa hpc Vidn Nghidn cufu hat nhdn Da I at va 
Trung tarn ky thuat hat nhdn TP Ho Chi Minh thpc hidn trong 10 ndm 1984 - 
1994. Noi dung tuyen tap gom hai phdn chlnh:

1. Bdo cdo khdi dong LPUHNBL, trinh bdy cdc ket qud khdi dong LPU 
tCr thang 11/1983 den thang 2/1984. Bdo cdo gdm 3 phan:

a. Khdi dong vat ly vdi cau hinh vung boat khong cd bay ndtron, nhdm 
xac dinh-khoi lUdng tdi ban cua vung boat.

b. Khdi dong vat ly vdi cau hlnh vung boat cd bay ndtron, nhdm tao 
vung boat lam viec sau nay vd xdc dinh cdc dac trung vat ly.

c. Khdi dong ndng lUdng, xdc dinh vd nang cdng suat Id, van hdnh d 
cdng suat danh dinh vd xdc dinh cdc dac truing nhiet thuy ddng.

2. Cdc cdng trinh nghien cufu ve cdc thong so vat ly Id va nhiet ky 
thuat trong qud trinh boat ddng cua Id trong 10 ndm qua. Cdc ket qud thu/c 
nghiem vd tinh toan ly thuyet gdm : xdc dinh phan hieu dung vd thanh phan 
cdc photondtron tre, nguon phdtondtrdn tre con lai trong Id sau khi ddng Id, 
cdc mule cdng suat tdi ban tdi thieu cua Id, hieu ufng nhieu loan trUdng ndtron 
trong vung boat khi thay thanh nhien lieu b&ng vat lieu khac, cdc phan bo 
theo chieu cao vd theo ban klnh vung boat cua ndtron nhiet, dd phdn ufng 
dddng cdc dai duia vao vung boat ma khong gay sd cd ve cdng suat, he so



nhet do cua do phdn ufng doi vdi nude, hieu ufng nhiem doc Xe non, xac dinh 
nhiet do be mat cac thanh nhien lieu, cac dac trung thuy nhiet trong cac di'eu 
kien chuyen tiep, tinh toan do chay cua nhien lieu ...

Cac bao cao va cdng trinh khoa hoc trong tuyen tap nay, la mot phan 
trong nhieu ket qud nghien cufu vat ly Id phdn ufng doi vdi LPUHNBL cua 
Vien Nghien cufu hat nhan Da I at va Trung tarn Ky thuat hat nhan TPHCM 
trong 10 nam qua, nham lam sang td mdt vdi khia canh ve ba tinh chat dac 
thu cua LPUHNBL nhu da neu tren. Boc gid co the tham khdo cac cdng trinh 
khac dUdc cdng bo trong nude vd ngodi nude de cd mdt cai nhin tong quat 
vd day du hdn. Tuy nhien viec tap hdp tUdng doi co he thong mdt so bao cao 
vd cdng trinh nay hy vpng ddng gdp dupe mdt phdn nhd de gidi thieu cac 
boat ddng nhieu mat cua LPU trong 10 ndm qua vd danh dau ngdy ky niem 
10 nam khanh thanh LPUHNBL.

Be cd dUdc cac bao cao khoa hoc vd cac cdng trinh khoa hoc trong 
cac nam qua tren LPUHNBL, chung tdi xin edm dn Ban Giam doc Vien 
Nang lUdng nguyen td quoc gia ( nay Id Vien Ndng lUdng nguyen td Viet 
nam) vd Ban Giam doc Vien Nghien cufu hat nhan Ba I at trong vide lanh dao 
thanh cdng khdi phuc vd dUa LPU vdo boat ddng. Vdi tinh edm men phuc, 
chung tdi xin edm dn cac anh chi da tham gia khdi phuc LPU trong di’eu 
kien kho khan cua nhufng ndm d'du thdp ky 80. Xin edm dn Phdng Id phdn 
ufng vd cac kfp van hdnh Id tao nhieu dieu kien thuan Ipi vd giup dd tien 
hdnh thi nghiem, Phdng Vat ly hat nhan ufng dung vd Phdng an todn bufc xa 
trong viec cho phep sd dung cdc he do bufc xa. Chung tdi xin chan thanh 
edm dn cac nhd khoa hpc vd ky thuat da thdo luan vd cd nhieu y kien sdu 
sdc trong nhi'du nam qua d6i vdi noi dung cac cdng trinh neu trong tuyen tap 
vd mong nhan dUdc nhufng y ki^n ddng gdp tiep theo trong thdi gian tdi vi 
tuyen tap ndy chdc chin con nhi'du sai sot.
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SAO CAO
KHdl BONG LO PHAN LfNG HAT NHAN BA LAT

Trong BAo cAo nAy trlnh bAy ket quA khdi dong Id phAn ufng hat 
nhan Da lat, g’bm ba ph'An:

- Phan 1: Khdi ddng vAt ly vdi cau hlnh vung boat khong co bay 
ndtron, xAc dinh khdi lifdng tdi han.

- Phan 2: Khdi dong vat ly vdi cau hlnh vung boat cd bay ndtron, 
xac dinh mot so dac trUng vat ly.

- Phan 3: Khdi dong n&ng lupng, van h&nh d cong suat danh dinh, 
xac dinh dac trUng nhiet thuy ddng.

Sau thdi gian khdi ddng Lb phin ufng, nhdm khdi ddng da bidn soan 
(bing tieng Nga) cac tai lidu nghidm thu ky thuat vA bidn bAn tbm t§t cdc ket 
quA vat ly. BAn bao cAo nAy t6ng hqp cAc du lieu ghi chAp trong quA trlnh 
khdi dong, dac biet trong Nhat ky khdi ddng vA Van hAnh Lb phAn ufng.

CAC CAN BQ THAM GIA TRl/C TIEP KHdl BQNG LO PHAN JNG

1. Phfa Viet nam :

Pham Duy Hien, Ngd Quang Huy, VO HAi Long, Tran KhAnh Mai, 
Nguyen OAng NhuAn, Tr'An KhAc An, Nguyen Nhi Bi'dn, Nguy&n Ngpc Lam, 
Do van Hiep, Pham Xuan PhUcfng, Nguyen TrUdng Sinh, Pham vAn LAm, 
Duong Quang Tan, TrUOng Cam Ranh, Nguy&n TAc Anh, LUdng Ngoc 
Chau, Le VTnh Vinh, Huynh Ddng PhUdng, Nguyen Thi NAng, TO vAn NghTa.

2. Phia Lien xo (cu):

Arhanghenski N.V., Terekhov A.V., Kuznexov E.M., Trophimov I.V., 
Lavrenov N.P., Kharlamov N.B., Sokolov I.V., Bakharev V.S., Truskin V.S., 
Khandamirov U.E., Semenov S.M.

3



CAC CAN BQ THAM GIA LAP RAP VA CHUAN B| CHO 
LO PHAN UfNG BOAT BQNG

Be khdi dong dUdc 16 phAn ufng dung ngay qui dinh, can bd Vien 
Nghien cufu Hat nhan Da Lat da lao dong hai ca trong di'eu kien thdi tiet mua 
bao cua cuoi nam 1983. Bac biet tham gia tfch cdc trong giai doan lap rap 
Id vA chuan bi khdi dong co cac can bp sau day :

1. Cac can bo trong Ban quan ly cong trinh:

Pham Khdc Chi, Trinh Hong LTnh, Le thanh Liem.Bui van Quy'en, Ha 
Bang Tien,Nguyen Thi Thanh.

2. Cac can bo lanh dao va KHKT cua Vien NCHN DL:

Nguyen Mong Sinh, Pham Quoc Trinh, Tran Lam, Nguyen v&n Be, 
Ngd Phu Khang, HA v&n Thdng, Vo Qud'c L&p, Nguyen Viet Long, Nguyen 
van Quy, Hoang Xuan VO, Phan vdn Hieu, Nguy&n The Ky, Le Minh Tuan, 
Phan Cong Thuyet, Vu Trung Hieu, Le v&n Sd, Phan TrUc.Tran Tfch C&nh, 
Hoang vdn Nguyen, NguySn vdn Hung, Nguyen Ba Hung, Nguyen van 
Long, VO Xuan Biet, Tran van Nguyen, Bodn Ai Thu, .v.v.

3. Cac can bQ ti/ Trung tarn ky thuat hat nhan TP. ho Chi Minh :

Nguyen Van Bat, Nguyen Mong Hung, VO Huy Thufc, Nguyen thi Thu, 
Nguyin Quoc Binh, Hoang vSn Hung, Le thi Phung, Nguyen Le Sdn, .v.v.

4. Cong ty xay diing so 14 va Doan chuyen giaLien xo (cu).

Be co the khdi dong Ld ph&n ufng dung tien do, phan dong gop quan 
trong thuoc ve CB-CNV Cong ty xay di/ng so 14 do KS Nguyen Thiem lam 
Giam doc. Cong ty da tien hanh cong viec xiy lip td dau ndm 1982 va hoan 
thanh vao giOa nam 1984, trong 66 nhOng phin viec chu yeu co lien quan 
den khdi dong Id dUdc gap rut ho An tit. DoAn chuyen gia Lien xo (cO) do KS 
Ulitin lAm trudng doAn cOng dong vai trd rat quan trong trong viec xay lip, 
dUa vAo khdi dong vA van hAnh Ld phAn ufng.
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VN9700002

PHAN 1

KHdl DONG VAT LY LO PHAN LfNG HAT NHAN DA LAT 
Vdl CAU HINH VUNG HOAT KHONG CO BAY NOTRON

(30/10/1983 - 1/11/1983)

Pham Duy Hien, Ngo Quang Huy, Vu Hbi Long, Trbn Khanh Mai

BAO CAO
KHdl DONG LO PHAN L/NG HAT NHAN DA LAT

I- T'lNH HINH CHUAN B| CAC H$ CONG NGHE

1- Lap Id phbn ufng : Lip be chufa nhien lieu tti 10/8 den 30/8 va 
lip vung boat Id phbn ufng tU 30/8 den 28/10/1983.

2- Nude cat : Sin xubt nude cat du so lupng (khobng 30m3) de 
rda thung Id vd he nude vdng 1, chat lupng nude b6o d6m. Lay be chufa 
nhien lieu lam be chufa nude c&t trung gian va sd dung he thd'ng Iqc nude 
de loc nude b be nay.

3- H# nt/dc vdng 1 va 2 : Lip xong he nude vdng 1 va vdng 2 
ngay 29/10. Cdng trlnh s6 7 (thap l&m ngudi) chua lip go xong, nhung 
khong inh hudng dd'n viec khdi ddng vat ly cua Id phin ufng. Tuy nhien 
phia Lien xo yeu cau chua cho he nude vdng 1 chay vi so dudng 6ng va 
binh trao doi nhiet gay ban cho nude trong Id. Toan bd he nude vdng 1 
vd vdng 2 se cho boat dong ngay sau khi khdi ddng Id.

4- H# thong SUZ va AKNP : Cdc phan sau day cua he SUZ va 
AKNP boat dong dUgfc

- 6 thanh AZ v& KC;
- Cac buong ion hoa Dl vd DP;
- Cac thiet bi hien hinh BVK-14 va hien so BVX-37 chi thi chu ky 

va cdng suat trong cic gibi Dl vb DP, dat mufc bao ddng va sU co;
- Dap Id khi sU co theo cac thong tin tU cac detecto Dl va DP va 

theo cac thong tin tC/ cac he thong phg ddng (tC/ 3 6ng dem SNM-11 va 
2 buong ion hoa KNK-56) qua cac loi vao edn nghe cua sd do logic AZ;

- Dieu khien bing tay ebe thanh KC vb AZ; phan chua boat ddng 
can luu y la chua dieu khien dupe thanh AR.
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5- H# thong dien : Da dua dien cao the 6,6 kV vio bien the mdi 
1000 kVA ngiy 21/10/83. He thong dien mdi cua Nhi 1 dua vao boat 
dong on dinh; dien thi cdng van dung bien the cu 150 kVA.

6- He thong gio : He thong gio Nhi 1 boat dong tot, oho chay 
thudng xuyen cic he th6i P1, P2, P3, P5 vi cic he hut V2, V5, V6. 
6ng thii khi cdng trinh s6 20 da dung xong ngiy 20/10/83.

7- H# do lieu phdng xe va lieu ke ca nhan : Da dat xong 11 dau 
do gamma va tu he miy do tUdng ufng trong phdng di'du khien P.128 (8 
diu do trong Nhi Id, 1 dau do phdng 128, 1 diu dd phdng hut Iqc khi 
P.127 vi 1 dau dd nude vong 2 tai h&nh lang kfnh). Chuan bi sin mdy do 
lieu gamma xach tay va cac may do beta v& anpha tei loi vdo phdng Id. 
Chuan bi du but do lieu va bd do li'du ca nhAn LTD vd IFKU. Xong he 
RKS-2 nhung chua cho lam viec.

8- He thong KIP : Trong s6 cac he mdy do kiem tra (KIP) 
chuan bi xong he thong do nhiet dd trong thung Id, nhidt do loi ra binh 
trao doi nhiet, ap suat nude vdng 1 vd 2, ip suit cac he thing Iqc nude Id 
va nude be chufa nhidn lieu, mdfc nude trong thung Id.

9- He thong thong tin va cufu hda : ChUa xong he dien thoai noi 
bo va bio hda. Dung he bd dim INTERCOM de lien he hai chieu giOa 
phdng di'eu khien vi mat Id. Sd dyng cic binh cufu hda.

10- He thu nUdc phdng xe : Sd dgng dudng ong K3 da xong de 
dUa nude nhiem xa xuong chda trong bon binh chda d ting him Nhi 2 
khi cin thiet.

11- HE THONG PHV DQNG DUNG TRONG KHdl DQNG LO

He thong phg dong phgc vg khdi ddng Id g'dm cic detecto ncftron 
dat tai cic kenh ngang so 1, so 2 vi so 4 vi cic thiet bi ghi do tUdng dng 
(chi thi cdng suit P vi chu ky T, chi thi dim cung nhu cung cap cic tin 
hieu sU co AZ vi cinh bio PS). So do ghip ndi nhu sau :

- Tai kenh ngang so 1

ZPT2-01KNK-56 BUE2-15
D'dng h'd chi thi P & T

Cic tin hieu AZ vi PS
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PU2-1 :SNM-11 ■-> SPU1-1M
Ccic tin hieu AZ va PS

He chi thi dem

- Tai kenh ngang so 2

BUE2-15

PU2-1

KNK-56

UIM-2

SNM-11 -

ZPT2-01'

SPU-1M

OAc tin hieu AZ va PS

Bong ho chi thi P & T .

He chi thi dem 
Loa
Cac tin hieu AZ va PS

- Tai kenh ngang so 4

PU2-1

UIM-2

SNM-11 SPU1-1M -

KNK-56 • KSPV-4

He chuyen machNgubn nuoi 500V

Cac tin hieu PS va AZ

He chi thi dem
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Chu thich : Ky hieu dung trong cdc sd d'd tren nhu sau :

1. KNK-56 : Buong ion hoa
06 nhay vdi ndtron cham 1.10""*2 A/(ndtron/cm2/sec), 
Do nhay vdi bufc xa Gamma 1.10"11 A,
Dong lam viec danh dinh 250 micro A.

2. BUE2-15 : Tien khuyech dai dong logarit.

3. ZPT2-01 : May do cong suat theo thang logarit va do toe do
tang

cong suat. Tren mat may co cac d'dng ho chi thi cong 
suat P va chu ky tdng cong. suat T.

4. SNM-11 : Ong dem ndtron
Do nhay y = 1,2 xung/(notron/cm2),
Phong gamma = 1 xung / phut khi D = 1000 R/h

5. PU2-1 : Tien khuyech dai cho ong dem SNM-11.

6. SPU1-1M : May dem ndtron
May co : - Chi thi so dem theo he cd so 2 va d'dng ho dem cd hoc 

(dong ho noi tiep vdi he dem cd so 2 vdi khd ndng chgn he so dem K ).
- Loi ra cho cac tin hieu c&nh bao va sU co 

PS = (15 den 25)K/y va AZ = (30 den 50)K/y.
Cac tin hieu AZ ti( cac thiet bj phu dong difdc mlc noi tiep vao he 

logic AZ cua he thong SUZ d cho gianh cho cac tin hieu edng nghe.

7. UIM-2 : May do toe do dem ndtron, chi thi d'dng h'd xung/s.

8. KSPV-4 : May to ghi ddng ti buong ion hoa.
Thang do di'eu chinh dddc nhd he chuyen mach.

Vi tri chuyen mach 1 2 3 4 5 6 7 8 9 10 11
Ddng do (nano A) 0.2 0.3 0.6 1 2 5 10 2

0
50 100 1000

(thang do co 100 vach va gid tri ddng do Id gia tri 6 vach thuf 100).

9. Cac kenh ghi ndtron b&ng 6ng dem SNM-11 noi vdi may dem 
SPU1-1M dung de do so ndtron N1 (kenh 1),N2 (kenh 2) va N3 (kenh 4).
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TO cac so lieu nay ve cac dUdng cong 1/N de ngoai suy khoi lUdng tdi 
han.

Ngoai ra trong qua trinh nap nhien lieu can theo doi :
- May tu ghi KSPV-4 ghi ddng cua bu'dng ion hoa KNK-56 cho 

biet dd tang cong suat tudng doi.
- Cac chi thi cong suat P va chu ky T tren cac may ZPT2-01.
- Cac so dem chi thi cdng suat tren cac may UIM-2.
- Chi thi cong suat va chu ky theo cac kenh Dl va DP tren man 

hinh va bo chi thi so lay tii he thong AKNP.

Ill- QUA TRINH KHdl DQNG VAT LY

1. Bleu ki#n an toan

Day la qua trinh nap nhidn lieu vdo vung boat de dat trang thdi 
tdi han, trUdng hdp khdng cd bSy ndtron. Thpc hien theo "ChUdng trinh 
khdi ddng vat ly Id phdn ufng" [1], cd thay doi mot it thd tu nap cdc bd 
nhien lieu (BNL) de thuan tien ve thao tdc.

Qua trinh nap nhien lidu bdt d'du ngay 30/10/1983 vdo luc 14h30 
va dat tdi han luc 19h50 ngdy 1/11/1983.

Nguon ndtron khdi ddng Id ngu'dn Californi-252 cd cudng do 5.10^ 
n/s da diidc dat vao tarn vung boat, o 7-6.

Ngiidng cdnh bao PS va sU c6 AZ di/dc dat nhu sau: doi vdi 46 
BNL d'au thi PS = 25 x 256/y vd AZ = 50 x 256/y doi vdi cd 3 he dem 
SPU1-1 ghi N1, N2, N3. TO BNL thuf 50 trd di cac gia tri ngiidng di/0c cho 
trong bdng sau:

PS AZ
N1 25x4096/y 50x 4096 / y
N2 25 x 16384/y 50 x 16384/ y
N3 25 x 4096 / y 50 x 4096/y

2. Khoi li/0ng tdi hgn

Thuf tu va so lUdng nhien lidu nap vao da diidc neu trong [1]. De 
xet cu the qua trinh nap nhien lieu ta nhdc lai nguyen tdc nap nhien 
lieu de dat trang thai tdi han Ian d'du.

Theo [1], nhien lieu diidc nap theo tiing nhdm, trong do 3 nhom d'au 
moi nhdm 6 BNL. Cac nhdm tiep theo diidc xac dinh tii thuc nghiem nhii 
sau. G<?i mk Id so BNL diidc nap d Ian thuf k dUa tren cdc di/dng cong 
thUc nghiem M = Ni (0) / Ni, i=1, 2, 3 ta nhan diidc gia trj ngoai suy tai M 
= 0 cua khoi lUdng tdi han thieu, mk(0). Khi dd theo [1] so lUdng BNL 
nap vao fdn thuf k + 1 dupe cho bdi
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m(k + 1) = [mk (0) - Tong mk] / 4 (1)

Cong thu'c nay di/a theo quy pham an toin I6 phin ufng cua Lien 
xo.

Hinh 1 trinh biy sd do nap nhien lieu vung boat.
Bing 1 trinh biy cic ket qui N1, N2, N3 theo thuf tu vi so lUdng 

BNL dUdc nap vio vung boat vi theo vi trf cac thanh dieu khien (2 thanh 
AZ luon rut khdi vung boat, vi trf cua 4 thanh KC dUdc ky hieu :

0 = thanh rut khdi vung boat,
1 = thanh nam hoin toin trong vung boat).

Doi vdi hai may dem xung UIM-2 mic d loi ra cua cac may SPU1- 
1M tif hai kenh ngang so 2 vi so 4, cic gii tri suit dem deu gan trung 
vdi cac gia tri ghi difdc tif cac may dem SPU1-1M tifdng ufng. Mot so vi 
du difdc neu ra, trong ngoac ( ), d Bing 1 cho cac fin nap nhien lieu tif 
thuf 9 de thuf 12.

Trdn Bing 1 cdn trinh biy cic gii tri cdng suit cua 16 nhan difdc 
tren man hinh BVK-14 doi vdi cac budng ion hda DM, DI2, DI3, DP1, 
DP2, DP3 va gia tri ddng cua cua budng ion hda KNK-56 nhan difdc tren 
may tif ghi KSPV-4.

Cac hinh 2 vi 3 trinh bay cic dudng cong Ni (0) / Ni phu thuoc vao 
so BNL da nap va cac gii tri ngoai suy cua khoi lifpng tdi ban.

Trong 3 he dem ndtron phu ddng, dng dem SNM-11 dat tai kenh 
thuf nhit xa vung boat nen it nhay hdn dd'i vdi sif khong doi xdng khi 
nap nhien lieu, do do difdng cong N1(0) / N1 giim ddn dieu hdn hai 
dudng cong 2 va 3.

Bing 2 trinh biy cic thing s6 trong qui trinh nap nhien lieu nhu 
so BNL nap vio cua m6i nhom, mk, gii tri ngoai suy tdi thieu cua khdi 
lupng tdi ban sau khi nap nhdm thuf k, mk(0), tdng sd cic BNL da nap, 
vi sd lUdng BNL cd the dUdc nap trong nhdm thuf k+1, m(k + 1), dUa theo 
cong thufc (1).

Tif cic sd lieu cua Bing 2 ta thay ring sd lupng BNL dUdc nap 
thu'c te Idn hdn 2-3 fan so vdi sd lUdng tfnh dUdc theo cong thufc (1). 
Can lUu y ring viec nap nhien lieu nhu vay li khdng thda man yeu cau 
ve an toin Id phin ufng. Tuy nhien do than trong trong qui trinh nap 
nhien lieu nen da khdng xiy ra trudng hdp dap Id vi sii cd.

3. Qua trinh ngp nhien ligu

Trong qui trinh nap nhien lieu cd cic giii phip ky thuit da dUdc 
thda thuan li :
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Hinh 1. So* do n$p nhien lifu vao vung hoat^ ,-
CqgaZc ■&**& wZrtg i&oa£ ttt' A'*** £6<mjb co' Jag ruS*i*n f<*n C96VL)

1.1,•••,2 •!,••• Cac o 1.1,...,2.1,...

©, @
A1 , A2
K1, K2. K?, K4 

fg)

#

0

Cac bo nhien lifu mang s5 161,174,... 
Cac thanh bao vf sir co AZ1 , AZ2 
Cac thanh bu trir KC1, KC2, KC3, KC4
Thanh dieu khien tu* dong AR
Thanh chen Berili
Thanh chen nhom
B*y no'tron
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Bang 1 - Stf phu thuoc cua cac thong so khdi dong Id vao khoi Itfpng
nhien lieu nap vao vung boat.

1 - Xem Hinh 1, 2 - Vj tri KC : 0 = rut, 1 - nhung, 3 - thdi gian 1 Ian do : 
phut, giay, 4 - suat dern trung binh cua 3 Ian do, 5 - cong suat cho tren man hinh, 
6 -dong buong ion hoa tren may ti/ ghi.

TT Vi tri Vt Tg Suat dem, xung/s Cong suat, %N, KSPV4
nap KC do N1 N2 N3 DM DI2 DI3 nA

So ph
BNL 1 2 3 4 5 6

0 Ngudn Cf 1 5 18 53 50 / Gia tri Ni (0)/ '

0 7 - 6 0 5 19 57 54 1.3E-5 3E-6 5E-6 0.051
1 6-6, 1 1 28 89 85

— 8-7, 40
6 7 - 5, 7-7 0 1 32 99 95 2.5E-5 6E-6 1E-5 0.053

6-7, 8-6 40
2 5-6, 1 1 38 126 122 3.2E-5 1 E-5 1 E-5 0.054

— 9-6, 40
12 6-5, 8-8 0 1 43 143 135 4.0E-5 8E-6 2E-5 0.055

8-5, 6-8 40
3 5-5, 1 1 46 154 164 5.0E-5 8E-6 2E-5 0.056
— 9-7, 40

18 7-4, 7-8 0 1 54 182 186 5.0E-5 1 E-5 2E-5 0.057
9-5, 5-7 40

4 4-4, 4-5 1 1 57 209 181 6. 3E-5 2E-5 2E-5 0.056
— 4-6, 4-7 0 1 70 255 215 7. 9E-5 2E-5 3E-5 0.057
24 10-4, -5
5 10-6,107 1 1 67 233 256 7.9E-5 2E-5 3E-5 0.058

9-8, 8-9 0 1 86 300 324 1.0E-4 3E-5 5E-5 0.060
30 6-9, 8-5
6 5-4, 6-4 1 1 94 315 294 1.0E-4 3E-5 4E-5 0.062

— 7-3, 8-4 0 1 125 433 401 1.0E-4 3E-5 5E-5 0.064
36 9-4. 7-9
7 5-3, 6-3 1 1 131 424 318 1.0E-4 3E-5 6E-5 0.062
— 7-2, 8-3 0 1 193 629 450 1.6E-4 5E-5 1 E-4 0.064
41 9-3
8 5-9, 6-10 1 1 142 458 445 1.6E-4 4E-5 6E-5 0.068

— 7-10, 9-9 0 1 220 720 694 2.5E-4 6E-5 1 E-4 0.066
46 8-10
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9 3-3, 1 1 154 577 498 2.0E-4 5E-5 8E-5 0.071
— 3-4, (570) (480)
50 3-6, 0 1 265 1027 850 3.2E-4 8E-5 2E-4 0.080

3-7 (1050) (800)
10 11-3, 1 1 182 649 594 2.0E-4 5E-5 1E-4 0.073
— 11-4, (640) (580)
54 11-6, 0 1 364 1276 1161 4.0E-4 1 E-4 2E-4 0.085

11-7 (1300) (1050)
11 2-4, 1 1 214 839 686 2.5E-4 1 E-4 0.075
— 2-5, (820) (640) (2.5E-3 5E-4 4E-3)
58 12-5, 0 1 513 2058 1627 5.0E-4 3E-4 0.095

4-2 (2050)
oo

(6.3E-3 1E-3 1E-2)
12 3-2, 1 1 256 1018 767 2.5E-4 2E-4 0.077
— 10-2, (1000) (720) (3.2E-3 6E-4 5E-3)
61 3-8 0 1 796 3203 2338 7.9E-4 4E-4 0.110

(3000) (1800) (1.0E-2 2E-3 2E-2)
13 11-2, 1 -8 1 1 294 1114 950 3.2E-4 2E-4 0.076
— 10-9 0 1 1246 4688 3942 1.3E-3 6E-4 0.132
64 (1.3E-2 3E-3 3E-2)
14 4 - 9 1 1 346 1200 1064 4.0E-4 2E-4 0.080
— cac BNL dU0c daa vao tdng bade
66 5 - 10 0 1 1917 7259 6406 2.5E-3 1 E-3

(2.5E-2 5E-3 4E-2)
0.166

15 5 - 2, 1 1 368 1377 1144 4.0E-4 2E-4 0.082
— 9 - 2 cac BNL dirtfc daa vao tdng bade
68 Rut KC1 1 482 1877 1553

va KC2 1 734 3208 2116
va KC3 1 1446 5479 3874
va KC4 1 4654 16543 13699 5.0E-3 3E-3 0.200

(5.0E-2 2E-2 1 E-1)
16 9 - 10 | 1 1 385 1434 1246 4.0E 2E-4 0.080
— BNL dUdc daa vao tdng bade (4.0E-3 1 E-3 8E-3)
69 Rut KC1 1 495 1928 1741

va KC2 1 802 3465 2645
va KC3 1 1655 6298 4727

17 Thanh Bel 1 1 401 1502 1262 4.0E-2 2E-2 0.74
— 6 7-1 (40E-1 8E-2 6E-1)
69

Tdl HAN KHI KC1 = KC2 = KC3 = 0 CM VA KC4 = 6 CM
NHUNGVAO VUNG HOAT
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Kenh ngang so 1

Kenh ngang so 4

10 ZH IS ll IG ko 44 M SZ SG Go *4 £g

iiinh 2. Sir phu thuoc cua ti so N(o)/Ni vao so BNL da n$p 
va cac gia tr;. ngo$i suy cua khoi luvng to*i h^n
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Bang 2 - Khoi li/Ong tdi hgn trong qua trinh nap nhien lieu.
1- So BNL nap Ian thuf k
2- Khoi lUpng tdi han ngoai suy sau Ian nap k
3- Tong BNL sau Ian nap thuf k
4- So BNL nap dUdc Ian thd k + 1
5- So BNL thtfc nap Ian thd k + 1

TT mk
1

mk (0)
2

Tong mk
3

mk + 1
4

mk + 1 thqc
5

1 6 14 6 2 6
2 6 25 12 3.2 6
3 6 32 18 3.5 6
4 6 38 24 3.5 6
5 6 42 30 3 6
6 6 49 36 3.2 5
7 5 49 41 2 5
8 5 54 46 2 4
9 4 60 50 2.5 4
10 4 64.5 54 2.5 4
11 4 64.5 58 1.5 3
12 3 66.2 61 1.5 3
13 3 68.3 64 1 2
14 2 69 66 0.7 2
15 2 69.5 68 0.4 1
16 1 - 69 - -
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- Thay ddi thuf ti/ nap nhidn lieu so vdi hudng dan [1] vi ly do thuan 
tien trong thao tac. Nhu vAy nhien lidu da khong dupe nap mdt cAch ddi 
xufng vAo vung boat. Do do s6 dem cua ba he dem ncftron phu ddng 
SNM-11/SPU-1M thay d6i khdng ddn dieu vA cAc dudng cong Ni (0) / Ni 
thang giang Idn (cAc phep do dbu dupe lip lai 3 Ian, trd d Ian nap cuoi, 
Ian thuf 16 vA 17 khi da dat tdi han).

Ket quA la gia tri ngoai suy tdi thieu sau moi Ian nap cua khoi 
lupng tdi han nhd hdn giA tri nhAn dupe trong trUdng hpp nap doi xufng.

- So lupng BNL trong m6i lin nap nhidn lieu nhi'eu hdn so vdi 
cong thufc (1). Dieu nAy cd the chap nhan dupe td cac lAp luan sau:

+ Do viec nap nhien li#u khdng doi xufng nen gia tri ngoai suy tdi 
thieu cua khoi lupng tdi han nhd hdn khi nap doi xufng;

+ Theo tfnh toAn ly thuyet, khdi lupng tdi han IA 77 BNL. Do do 
cd the coi so lupng BNL tdi han khdng nhd hdn 60.

That ra viec thUa nhan qua trinh nap nhien lieu nhu vay la khdng 
dung nguyen tic an toAn, song moi Ian nap nhien lieu deu xem xet can 
than viec tAng so dem ndtron tU cac ong dem SNM-11 vA trong cac Ian 
nap cuoi cung cd suf dung quy che nap tUng bude.

Mat khac, nap khdng doi xufng trong moi Ian nap, song phAi nap 
sao cho cac vdng BNL bao quanh ngudn Cf - 252 (o 7-6) dupe nap day 
tU trong ra ngoAi. Do do, sau khi nap day moi vdng, phan bo nhien lieu 
trong vung boat cung doi xufng.

Vdng thuf nhat 6 BNL, vdng thuf hai 12 BNL, vdng thd ba 16 BNL, 
vdng thuf tU 18 BNL, vdng thuf n&m 29 BNL, vdng thuf sau 17 BNL.

Qua trinh nap nhien lieu eg the dupe tien hAnh nhu sau :

- Vdng thuf nhat vA thuf hai dupe nap lam 3 Ian, moi Ian 6 BNL 
theo dung hudng dan [1].

- Vdng thuf ba dupe nap IAm 3 Ian, moi Ian 6 BNL (cac nhom thuf 
4,5,6 d BAng 1) nhUng khdng theo thU tU cua hudng dan. Nhom thuf 4 
gbm cac BNL gan kenh ngang s6 2, do do so dem N2 tAng nhanh, vi 
vay tren hinh 2, dudng cong N2 (0) / N2 giAm nhanh hdn dudng cong 
N3(0)/N3. Nhom thuf 5 gbm cAc BNL nim gan kenh ngang so 4, do do 
dudng cong N3(0) / N3 giAm nhanh. Nhom thuf 6 gbm cAc BNL gan kenh 
ngang so 1 vA so 2, do do N2(0) / N2 giAm nhanh hdn N3(0) / N3. TO do 
thi Ni(0) / Ni ta thay ring giA tri ngoai suy tbi thieu khoi lupng tdi han 
trong cAc trUdng hpp nAy nhd hdn trUdng hpp nap doi xufng.

- Vdng thuf tU dupe nap 4 fin (cAc nhdm 7, 8, 9, 10). Nhom thuf 7 
gbm 5 BNL nim giufa cAc thanh KC2 vA KC3, nhdm thuf 8 gbm 5 BNL td
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KC1 den KC4. Nhdm thuf 9 gom 4 BNL nAm hai ben thanh AZ1. Nhdm 
thuf 10 gom 4 BNL nAm hai ben thanh AZ2. Doi vbi vdng nay tinh chat 
bat doi xufng trong viec nap nhien lieu cung the hien tren cac dating 
cong Ni(0) / Ni vA do do nhan dtigfc gia tri ngoai suy toi thieu nhd hdn 
cua khoi lacing tdi han. 6 cac Ian nap nay cung da giAm so ludng BNL 
trong mbi nhom.

- Vdng thuf nAm dupe nap 6 Ian (cac nhdm 11 den 16). Vi tri nap 
cac BNL difdc chon sao cho cac thanh AZ va KC dUdc bao boc kin trbdc 
rbi sau dd mdi den cac vi trf khac. So liipng BNL nap trong moi nhdm 
dUdc giAm dan tti 4 xuong 3 roi 2 va 1. Bon thanh KC va thanh AZ1 
dUdc boc kin, quanh thanh AZ2 cdn thieu 6 12-4 vi d nay nam giufa 
thanh AZ2 va ong chuyen mau b&ng khi nen, cay sao co di/dng kinh 40 
mm de gip nhien lieu khong dUa vao lot. Ke ti/ nhdm thd 14, cac BNL 
dUdc dUa vao vung boat ti/ng bade (4 den 5 bade) nhd cd cau dieu khien 
can cau.

- Sau khi dUa vao BNL thuf 69 va rut ck bon thanh KC thi nhan 
thay Id phdn dng gan dat trang thdi tdi han : chu ky tdng edng suat Id 
gidm xuong dadi 100 sec. Tuy nhien, Id chaa dat tdi han bdi vi khi rut 
nguon ndtron Cf-252 ra khdi vung boat thi khong duy tri dddc cong suat.

- Tiep tuc dUa them mot thanh Berili vAo 6 7-1. Rut ba thanh 
KC1 - KC3 ra khdi vung boat. Rut dan thanh KC4 ten v& khi KC4 len 
gan het thi chu ky tang cong suat dat gid tri dadi 100 sec. Tiep theo, 
rut nguon Cf-252 ra dong thdi dda dan thanh KC4 len, khi thanh KC4 
cdn nhung vao vung boat cd 6 cm thi dat dUdc trang thai tdi han, cong 
suat Id ph&n dng khdng thay doi :

19 Glti 50 PHUT NGAY 1 THANG 11 NAM 1983.

IV- MQT SO NHAN XET KET LUAN

1. Td cac db thi Ni(0) / Ni, Hinh 2, ta thay r&ng cac dudng cong 
deu co dang lorn, nghTa la dang cho gia tri ngoai suy cua khoi ludng tdi 
han nhd hdn gia tri khoi lUdng tdi han thuc. Bieu nay b6o d&m an toan khi 
nap nhien lieu.

2. Tren hinh 3 trinh bay sU phg thupc cua cac he so nhan dadi 
tdi han Ki = 1 - Ni(0) / Ni vao so ladng BNL dadc nap. He so nhan K 
trung binh dat gia tri 0,98 vdi 61 BNL vA bAng 0,99 vdi 66 BNL. Sau khi 
nap 68 BNL, he so nay IA K = 0,995, tdc IA do sau dadi tdi han dk = 1- K 
= 0,005 < (3, vdi p = 0,0064 IA phan dong gop tadng doi cua ndtron tre.
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3. Khi trong vung boat chi c6 nguon Cf-252, so dem tai kenh so 1 
la N1 (0) = 19,4 c6n sau khi ngp 68 BNL th) N1 = 4654, nhu vay cong 
suat Id da tang N1/N1(0) = 240 Ian. He so tdng cong suat nhan dUdc ti/ 
cac so lieu Bdng 1 doi vcii cdc vi tri do N1 - N3 va DM - DI3 dUdc cho 
du'di day :

Vi th N1 N2 N3 DM DI2 DI3
He so 240 290 255 365 - 500

Nhu vay sau khi nap 68 BNL cong suat Id da tang khodng 2 bac so 
vdi cong suat nguon ban d&u. Gid trj thuc cua cong suat chUa xac dinh 
dUdc bdi vi thang do cong sudt cua he AKNP chUa dUdc chuan dinh. Cac 
gia tri cong sudt cua DI1-DI3 tinh ra % cong suat danh dinh N cho trong 
Bdng 1 chi Id gid tri quy Udc de cho biet do tdng cong suat tUdng doi ma 
thoi. Khi mdi dat nguon Cf-252 va chUa cd nhien lieu, cong suat Id chi 
vao cd 1.10"® %N, chuf khong phdi 1.E'^ %N nhu da neu trong Bdng 1.

Tuy nhien, to cac gid tri ddng cua buong ion hoa KNK-56 dat tai 
kenh ngang so 4 va chi thi tren may tU ghi KSPV-4 thi he so tang tUdng 
doi cua cong suat la 0,2/0,05 = 4 Ian : gia tri nay be hdn nhieu gia tri da 
neu tren day.

4. Theo tinh toan ly thuyet, Id phdn ufng dat tdi han vdi cau hinh 
khong .cd bay ncftron khi vung boat dUdc nap 77 BNL (xem hinh 3 cua 
[2]). Nhu'ng ket qud thuc nghiem da cho thay Id dat tdi han khi nap vao 
vung boat 69 BNL va 1 thanh Berili. Nhu vay ket qud tinh toan ly thuyet 
kha Idn hdn gia tri thuc nghiem.

Tuy nhien trong tinh toan ly thuyet, khoi lUdng U-235 trong mdi 
BNL du'dc cho bang 38,9 g, trong khi dd khoi lUdng U-235 thuc te trong 
mdi BNL Id 2781,8/69 = 40,3g. Bdng 3 trinh bay cac thong so ve cdc 
BNL (so hieu nha may va khoi lUdng) theo thd tu nap nhien lieu. Ta thay 
rang khoi lUdng tong cong U-235 nap Id 2781,8 g, tUdng Ung vdi so 
lu'dng BNL "ly thuyet" bang 2781,8/38,9 = 71,5 BNL. Tuy vay, so lUdng 
BNL ly thuyet cd the Idn hdn 71 thanh bdi vi theo nhu Bdng 3, khoi lUdng 
U-235 trung binh cua cac BNL d vong nhien lieu trong cung, Id vong 
BNL co trong so Idn nhat, Id 40,9g, cdn cac vong nhien lieu tiep theo co 
khoi lUdng trung binh Id 40,2 g, 40,44 g va 40,3 g.
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Bang 3- Cau hinh tdi han 69 BNL, thtf tv nap nhien lieu va khoi lupng U-235

Thuf T\J Nap Bo nhien lieu

Vong Nhom So Vi trf So hieu Khoi li/png U-235, g

1 1 1 6-6 056 411
2 8-7 057 40.8

' 3 7-5 058 40.5 T = 245.4
4 7-7 059 41.2 m = 40.9
5 6-7 060 41.1
6 8-6 061 40.7

2 2 7 5-6 068 39.7
8 9-6 069 38.2
9 6-5 070 40.7
10 8-8 074 40.8
11 8-5 075 41.7
12 6.8 076 41.1 T = 483

3 13 5-5 077 41.3 m = 40.3
14 9-7 078 39.2
15 7-4 079 40.5
16 7-8 086 38.6
17 9-5 087 40.4
18 5-7 088 40.8

3 4 19 4-4 062 40.2
20 4-5 063 38.6
21 4-6 064 39.8
22 4-7 065 39.8
23 10-4 066 41.0
24 10-5 067 40.0

5 25 10-6 080 39.2
26 10-7 081 39.3
27 9-8 082 40.3 T = 720.8
28 8-9 083 41.5 m ™ 40.04
29 6-9 084 41.0
30 5-8 085 40.2

6 31 5-4 071 40.7
32 6-4 072 39.2
33 7-3 073 40.0
34 8-4 155 39.8
35 9-4 156 40.3
36 7-9 157 39.9
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4 7 37 5-3 158 40.0
38 6-3 159 40.7
39 7-2 160 41.8
40 8-3 164 40.5
41 9-3 165 41.1

8 42 5-9 166 41.4
43 6-10 170 41.3
44 7-10 171 40.7
45 8-10 172 39.6 T = 727.5
46 9-9 176 39.9 m = 40.44

9 47 3-3 177 40.0
48 3-4 178 39.1
49 3-6 179 40.2
50 3-7 180 40.2

10 51 11-3 181 41.8
52 11-4 182 38.3
53 11-6 183 40.1
54 11-7 184 40.8

5 11 55 2-4 161 40.7
56 2-5 162 40.8
57 12-5 163 41.3
58 4-2 173 40.2

12 59 3-2 174 41.0
60 10-2 185 39.6
61 3-8 187 41.1

13 62 11-2 175 39.9 T = 604.5
63 10-9 167 40.5 m = 40.3
64 11-8 168 40.1

14 65 4-9 169 38.8
66 5-10 168 40.5

15 67 5-2 189 40.1
68 9-2 190 40.2

16 69 9-10 191 39.7
- 7-1 Berili -

Khoi li/0ng U-235 tong cpng tdi hpn T = 2781.8 g
Khoi lupna U-235 trunq binh mot BNL m = 40.3 g
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V. THANH PHAN NHOM KH6l BQNG LO

Nhom khdi dong Id gbm cac thanh vien va nhiem vu cua ho nhu sau.

TT Chu'c vu Phia Lien xo Phia Viet nam
1 Phu tr&ch khd'i dong Arhanghenski N.V Pham Duy Hien
2 Trud'ng kip Arhanghenski N.V Ngo Quang Huy
3 Vat ly kiem tra Terekhov A.V Vu H&i Long

Nguyen D&ng Nhuan
4 Ks dieu khien Kuznexov E.M
5 Ks thiet bi phu dong Trophimov A.B 

Lavrenov N.P
Tran Khanh Mai 
Nguyen Ngoc Lam

6 Ks he SUZ Kharlamov N.B
Sokolov I.V

Nguyen Nhi Dien

7 Ks he kip Bakharev V.S Trbn Khdc An
8 Ks cd khi Truskin V.S Do vdn Hiep

Pham Xuan Phudng
9 Ks dien Nguyen Trudng Sinh 

Pham van Lam
10 Ks an to&n bdc xa Khandamirov U.E Trudng Cam Ranh 

DUdng Quang Tan
11 Ks vat ly Semennov S.M Nguyen Tac Anh 

LUdng Ngoc Chau 
Huynh Dong Phudng 

Le VTnh Vinh
12 Ks che do nude Nguyen thi Ndng

Ti/ vdn NghTa

VI. TAI LIEU THAM KHAO

1. ChUdng trinh khdi dong vat ly Id ph&n ufng,
Tai lieu Thiet ke Lien xo, 1980.

2. Qui pham bdo ddm an loan khdi dong vat ly Id phdn dng, 
Tai lieu Van hanh va khai thac Id, Lien xo, 1980.
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VN9700003

BAOCAO
KHdl DONG LO PHAN L/NG HAT NHAN DA LAT

PHAN 2

KHdl DQNG VAT LY
Vdl CAU HiNH VUNG HOAT CO BAY NOTRON

(15/12/1983-27/1/1984)

Pham Duy Hien, Ngo Quang Huy, Vu Hdi Long, Tran Khanh Mai

I - TINH HINH CHUAN B| BE KHdl DQNG

Lo phan ufng dupe nap nhien lieu Ian dau theo cau hinh khong co bay ndtron 
va dat tdi han ngay 1/11/1983 vdi 69 BNL (xem /1/, cung vdi danh sach tham gia khdi 
dong).

1. So vdi Ian khdi dong trade. Cac h# thong cong nghe, da dupe chuan bj 
them trudc khi nap nhien lieu gdm co :

- He nude tu'an hoan vong 1 va vong 2 : Da boat dong d che do danh dinh. 
Thap lam nguoi da lap xong gian go nhUng chUa che chan xung quanh.

- He dieu khien SUZ va AKNP : day du, ke ca thanh AR.
- He may do kiem tra KIP: Cac may do lUu lUpng nude vong 1 va vong 2 da 

boat dong.
- He thong dien : He thong dien si/ co sd dung diezen da boat dong.
- He thong thoat nude nhiem xa : Noi he K3 tam den Nha 5 trong do sd dung 

dudng K3 td Nha 1 den Nha 2 va dUdng dUa nude ngUpc td Nha 5 den Nha 2.
Cac he do dem phu dong de khdi dong cung giong nhu fan trudc (xem tai lieu

IV).

2. Sau khdi dong vat ly Ian trade, ngay 5/11/1983 phat hien si/ xam mot thanh 
nhien lieu va thanh chen bang nhom. Hien tupng nay xay ra khong binh thudng cho 
den ngay 15/12/1983. Trong qua trinh nap nhien lieu, tiep tuc theo ddi hien tupng 
nay de co ket luan trade khi khdi dong nang lapng ( xem phu luc ).

3. Ngay 15/12/1983 da xac dinh thdi gian rdi cua cac thanh dieu khien trong 
vung boat :

AZ1 va AZ2 : 0,30 sec ; KC1 ; 0,30 sec, KC2 : 0,29 sec ;
KC3 : 0,28 sec, KC4 : 0,26 sec,

23



II- TRANG THAI Tdl HAN VCfl CAU HINH VUNG HOAT CO BAY NdTRON

Dpa vao ket qua tdi ban vdi 69 BNL cua Ian khdi dong trade, viec nap nhien 
lieu Ian nay co the tien hanh tdng nhom nhieu bo NBL so vdi cong thufc (xem /1 /).

Ngay 15/12/1983 bat dau nap nhien lipu, song gap kho khan trong thao tac do 
trade do trong vung boat khong dat du so thanh nhom chen.

Ngay 16/12/83 dat tat ca cac thanh nhom chen can thiet vao vung boat va rut 
ong chuyen mau khi nen d d 13-2 ra. Ly do la dng nay co dadng kmh phan tren vung 
boat bang 40 mm trong khi kfch thadc BNL la 35 mm, cho nen khi nap nhien lieu d 
ke can, thanh nhien lieu co the bi va cham gay sadt vd boc; hdn nufa BNL d o 12-4 
khong nap vao dupe vi khong gian qua chat.

Ngay 17/12/1983 lai bat dau qua trlnh nap nhien lieu va dat tdi ban ngay 
18/12/1983 luc 17 h 48.

Thd td nap nhien lieu, Bang 1, gdm bay Ian nap Nhom thd nhat 48 BNL, 
nhom thuf hai 8 BNL, nhom thuf ba 6 BNL, nhom thuf ta 3 BNL, nhom thuf nam 3 
BNL, nhom thd sau 3 BNL va nhom thd bay 1 BNL : Bat trang thai tdfi han vdi 72 
BNL trong cau hinh vung boat co bay ndtron d trung tarn. Trong cau. hinh nay da 
dung 12 thanh Berili. Hinh 1 trlnh bay cau hinh nap nhien lieu va Hinh 2 trlnh bay sd 
phu thupc so dem ngadc vao khdi Iddng nhien lieu U-235 cua cac BNL ddpc cho 
trong B&ng 1. Tong khdi lapng U-235 tdi han trong cau hinh nay la 2897,4 g.

III. NAP NHIEN LIEU CHO CAU HlNH LAM Vl|C

Qua trlnh nap nhien lieu de tao mpt cau hinh lam viec bi cham lai do phat hien 
mot sd BNL bi xam be mat (xem Phu luc 1). Dddi day, vi trf cac thanh dieu khien 
dape tinh bang mm, do phan dng va do hi#u dung bang ddn vi p eft ($).

Ngay 19/12/1983 do dp hipu dung cua thanh AR dat den 1 $. Gia trj nay Idn 
hdn so vdi quy dinh an toan hat nhan, td 0,4 den 0,8 $. Do do ngay 21/12/83 da thay 
doi vi trf cac BNL; dda vao kho BNL sd 067 d 6 7-10, chuyen vi trf BNL 074 td 6 6-11 
sang 6 2-7 va BNL 072 td 6 8-1 sang 6 12-7. Ngoai ra dat them 3 BNL sd 078, 180 
va 187 vao cac 6 12-2, 12-3 va 12-4; ba BNL nay da bi tray sUdt trong qua trlnh nap 
nhien lieu ngay 17 va 18/12/83. Cau hinh nhien lipu ngay 21/12/83, 74 BNL va 13 
thanh Berili, dupe the hien tren Hinh 3. Khdi Idpng tong cong U-235 la 2977,9 g.

Cau hinh nay, vdi vi trf cac thanh dieu khien la : KC1 = KC3 = KC4 - 0 mm, 
KC2 = 442 mm, AR = 0, dupe dung den ngay 26/12/83 de xac dinh do hipu dung cua 
cac thanh dieu khien va mot sd thanh nhien lieu va Berili, xem Bang 18.
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BANG 1 - Cau hinh tdi han 72 BNL, thuf tLf nap nhien lieu va khoi lUdng U-235.

Thuf W nap Bo nhien lieu

nhom so Vi tri so hieu khoi IU0nc U-235, g

1 1 6 - 5 177 40.0
2 5 - 5 162 40.8
3 5 - 7 161 40.7
4 5 - 6 070 40.7
5 6 - 8 076 41.1
6 7 - 8 158 40.0
7 8 - 8 178 39.1
8 9 - 6 164 40.5
9 9 - 7 075 41.7
10 9 - 5 069 38.2
11 7 - 4 188 40.5
12 8 - 5 171 40.7
13 8 - 4 173 40.2
14 7 - 3 194 41.0
15 6 - 4 179 40.2
16 5 - 4 176 39.9
17 4 - 4 189 40.1
18 4 - 5 191 39.7
19 4 - 6 160 41.8
20 4 - 7 062 40.2
21 5 - 8 064 39.8
22 6 - 9 088 40.8
23 7 - 9 181 41.8
24 8 - 9 063 38.6 T = 1927,3 g
25 9-8 080 39.2
26 10 - 7 081 39.3
27 10 - 5 174 41.0
28 10 -6 169 38.8
29 10 - 4 065 39.8
30 11-6 195 39.0
31 11-7 086 38.6
32 9 - 9 190 40.2
33 8 - 10 163 41.3
34 7 - 10 067 40.0
35 5 - 9 175 39.9
36 6 - 10 082 40.3

25



BANG 1 - (tiep)

Thuf ti/ nap Bo nhien lieu

Nhom So Vi tri So hieu Khdi lV0na U-235, g

37 3 - 7 165 41.1
38 3 - 6 167 40.5
39 3 - 4 156 40.3
40

C
OC
O 192 39.4

41 5 - 3 193 39.8
42 6 - 3 186 40.5
43 7 - 2 066 41.0
44 8 - 3 185 39.6
45 9 - 4 087 40.4
46 9 - 3 182 38.3
47 11-4 183 40.1
48 11-3 184 40.8

2 49 12 - 5 073 40.0
50 12 - 6 084 41.0.
51 11-8 071 40.7
52 10 - 9 159 40.7 ' T= 323,5
53 9 - 10 172 39.6 g

54 8-11 072 39.2
55 5 - 10 083 41.5
56 6-11 074 40.8

3 57 4 - 9 168 40.1
58 3 - 8 157 39.9
59 2 - 6 155 39.8 T = 241.9
60 2 - 5 166 41.4 g

61 2 - 4 085 40.2
62 2 - 3 079 40.5

4 63 3 - 2 068 39.7
64 4 - 2 077 41.3 T = 122.3
65 5 - 2 170 41.3 g

5 66 6-2 059 41.2
67

C
MC
O 061 40.7 T = 121.1

68 9 - 2 125 39.2 g

6 69 10 - 2 126 40.5
70 11-2 127 39.8 T = 121.4
71 7 - 1 060 41.1 g

7 72 2-2 149 39.9 tcfi han
Khoi IVqfng U-235 tong cpng tdi han T=2897,2 g 
Khdi lUQng U-235 (rung binh 1 BNL m = 40,24 g
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[in h :au hinh vunE hoQit to’i h^n co bay no’tron 

gom 72 BNL.

@
A1, A2

K1 ,... ,K4

©

Cac bo nhien lifu mang so 149,68,...

Cac thanh bao v| su’ c6 AZ1 , A7,2 

Cac thanh bu trir KC1,...,KC4

Thanh dieu khien t\x d$ng AR

Thanh chen Berili

Thanh chen nhom

Kenh chieu man khi nen 19.2

Bay no’tron

Cac o 1.1,..., 2.1,...
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a Kenh ngang a6 1 
o Kenh ngang 36 2 
+ Kenh ngang so 4

\

Hinh 2. Sit phu thudc so dem nguo’c vao khoi lvro’ng 
n’nien li|u trong qua trinh dat to’i h§n 
cua vung ho^t co bay no'tron ( 72 UHL )

7:* BML
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Hinh 3* Cau hlnh vung ho$t gom 74 BNL 
( 21 - 26/12/1983 )

A1, A2
K1 , . . . , K 4

Cac BNL mang s$ 149,68,...
Cac thanh bao v| sir c6 AZ1, A7.2 
Cac thanh bu trir KC1,...,KC4
Thanh dieu khien tir dgng AR
Thanh chen Berili
Thanh chen nhom

Bay no'tron
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Ilinh 4. lau hlnh vung hog.t gom 86 BNL.
( 29/12/198] )

Cac bo nhien li|u mang so 149,162,..
Cac thanh bao v$ sg co AZ1 , AZ2 
Cac thanh bu tru* KC1 ? •.., KC4
Thanh dieu khien tg dqng AR
Thanh chen Berili
Thanh chen nhom

Bay no’tron
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Hinh 3« Cau hlnh vung ho$t gom 83 BNL. 
( 30/12/1983 )

Cac BNL mang s6 149,162,...
Cac thanh bao v§ sir co AZ1 , AZ2 
Cac thanh bu trir KC1,...,KC4

Thanh dieu khien ty dgng AR
Thanh chen Berili
Thanh chen nhom

Bay natron
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Hinh 6. Oau hinn vung hog.t gom 88 BNL 
(14 - 16/1/1984 )

Cac BNL mang so 149, 162, ...
Cac thanh bao v| sif co AZ1 , AZ2 
Cac thanh bu trur KC1, ..., KC4
Thanh dieu khien tir d$ng AR
Thanh chen Berili
Kenh thi nghifm 7.1

B*y no'trdn
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Hinh 7. Cnu hinh vung hogit gom 88 BNL 
( tir ngay 17/1/1984 )

Cac BNL mang so 149, 162
Cac thanh bao sir co A 
Cac thanh bu tru* KC1 , ,.
Thanh dieu khien ty dong
Thanh chen Berili

Bay no’tron

Kenh thi nghifm jA

x

;1 , AZ2
, KC4
AR
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Bp hieu dung cua thanh AR, dupe bao bpc bdi 3 thanh Berili va 2 thanh nhom 
chen, da giam xuong con 0,86 $. Thanh AR sd dT co dp hipu dung Idn nhu vay la do 
da dung cacbua bor thay vi thep khong gl nhu thiet ke neu.

Bp hieu dung cac thanh KC, AZ nam trong khoang 1,96 den 2,48 $. Theo 
thiet ke cac thanh nay co do hieu dung cd 4 $.

Ngay 27/12/83 chuyen 12 BNL vong trong cung ra ngoai cung. Cau hinh nay 
khong dat tdi han.

Ngay 29/12/93 nap them 12 BNL vao vong trong cung, nhu vay ta dupe cau 
hinh 86 BNL vdi 13 thanh Berili, Hinh 4 , va khoi lUpng U-235 tong cpng la 3461,4 g. 
Trong cau hinh nay xung quanh thanh AR van la 3 thanh Berili va 2 thanh nhom.

Vdi cau hinh nay cung da xac dinh dp hipu dung cua cac thanh dieu khien va 
mot sd BNL va thanh Berili. Ket qua, B&ng 18, cho thay dp hipu dung cua cac thanh 
KC Idn hpn so vdi cau hinh 74 BNL. Bac bipt la dp hipu dung cua thanh AR dpt den
1,04 $ qua Idn so vdi quy dinh an toan hat nhan.

Ngay 30/12/83 thay hai BNL sd 076 6 5-11 va sd 158 6 9-11 bang cac thanh 
Berili va 6 7-1 de trong. Nhu vay ta dupe cau hinh 83 BNL vdi 15 thanh Berili, Hinh 5. 
Viec tao cau hinh nay nham xac dinh dp hi#u dung thanh AR khi dupe bao quanh 
bang 5 thanh Berili va 2 thanh nhom. Ket qud cho thay do hieu dung thanh AR giam 
xuong con 0,85 $. Gia trj nay cd the chap nhan dupe, tuy nhien cau hinh trd nen 
khong doi xufng khong tipn Ipi cho viec khai thac Id.

Be xem xet kha nang thay thanh AR, ngay 31/12/83 da xac dinh dp hieu dung 
cua mot thanh thep khong gi dudng kfnh 28 mm dat tpi 6 7-1 doi xufng vdi 6 vi tri 
thanh AR. Ket qua cho do hieu dung bang 0,58 $. Nhu vay nen dung thep khong gi 
lam thanh AR. Do do trude khi tim kiem mpt cau hinh lam viec da quyet dinh thay 
thanh cacbua bor bang thanh thep khong gi. Bd la 2 thanh dai 50 cm, dudng kfnh 28 
mm, noi tiep nhau, cac thanh nay nguyen dupe dung de tpo trpng lUpng dat dudi cac 
thanh dieu khien. Cudi cung da dpt dupe cpu hinh Ipm vi#c gdm 88 BNL, 18 thpnh 
Berili vp sd dung tti ngpy 14/1/84 den 16/1/84, Hinh 6 va Bpng 18.

Ngpy 17/1/84 vpn giuf cpu hinh 88 BNL - 18 thpnh Berili nhUng trong do thpy 
cac BNL sd 059, 060 va 061, la nhufng BNL da bi xam khi de d kho chufa tpm thdi td 
ngay 2/11/1983, bang cac BNL mdi sd 144 o 6-2, 130 6 5-11 va 128 d 8-2 va cung 
thay cac BNL bi sUdt sd 078, 180 va 187 bdng cac BNL sd 124 o 12-2, 123 o 12-3 va 
122 d 12-4, Hinh 7.

Tom Ipi, dp xac dinh dupe 3 cau hinh cd bay ndtron : cau hinh cd do sau dudi 
tdi hpn nho gdm 74 BNL - 13 thanh Berili, cau hinh gom 86 BNL - 13 thanh Berili va 
cau hinh lam viec 88 BNL - 18 thanh Berili. Cau hinh lam viec nay la cau hinh cudi 
cung trong dpt khao sat khdi dong vat ly va cung dung cho khdi dong nang lUpng va 
khai thac Id tiep theo, Bang 2.

IV - BAC TRl/NG TICH PHAN VA BQ HIEU DUNG THANH AR

4.1 - PhUdna phap
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Dec trUng tich phan cua rnpt thanh dieu khien la sU phu thupc cua dp phan 
ting hipu dung vao do nhung saw cua thanh trong vung boat. Dp hipu dung cua 
thanh la dp phan ufng gay ra khi thanh dupe nhung hoan toan vao vung boat. Dp 
hipu dgng di/pc xac djnh khi xac djnh dufdng dac trUng tfch phan cua thanh. Trong 
dpt khdi dpng vat ly nay xac djnh dac trUng tfch phan cua thanh AR bang phUPng 
phap chu ky nhan doi va dpc trUng tfch phan cua cac thanh khac bang phUPng phap 
bu trti vdi thanh AR.

BANG 2-Cau hinh lam vi#c 88 BNL.18 thanh berili, vi trf nhien li#u va khoi 
lUpng U-235.

So
TT

Bo nhidn lipu So Bo nhien lipu
Vi trf Ma so m U-235 TT Vi trf Ma so m U-235

1 2-2 149 39.9 2
C
O

C
\l 079 40.5

3 2 - 4 085 40.2 4 2 - 5 166 41.4
5 2 - 6 155 39.8 6 2 - 7 074 40.8
7 3- 1 162 40.8 8 3-2 068 39.7
9 3 - 3 192 39.4 : 10 3 - 4 156 40.3

11 3-6 167 40.5 12 C
O ~v
j 165 41.1

13 3 - 8 157 39.9 14 C
O

C
O 070 40.7

15 4- 1 177 40.0 16 4-2 077 41.3
17 4 - 4 189 40.1 18 4-5 191 39.7
19 4 - 6 160 41.8 20 4 - 7 062 40.2
21 4 - 9 168 40.1 22 4- 10 161 40.7
23 5 - 1 188 40.5 24 5-2 170 41.3
25 5-3 193 39.8 26 5-4 176 39.9
27 5 - 5 151 40.8 28 5-6 154 41.2
29 5-7 146 40.5 30 5 - 8 064 39.8
31 5-9 175 39.9 32 5 - 10 083 41.5
33 5- 11 130 40.4 34 6 - 2 144 39.8
35 6 - 3 186 40.5 36

M
-

C
O 179 40.2

37 6 - 5 153 38.7 38 6 - 8 147 40.9
39 6 - 9 088 40.8 40 6 - 10 082 40.3
41 6 - 11 076 41.1 42 7-2 066 41.0
43 7-3 194 41.0 44 7 - 4 150 41.6
45 7-8 152 41.1 46 7-9 181 41.8
47 7 - 10 158 40.0 48 8-2 128 40.3
49 8 - 3 185 39.6 50 8 - 4 173 40.2
51 8-5 145 40.1 52 8 - 8 148 39.5
53 8 - 9 063 38.6 54 8 - 10 163 41.3
55 8-11 067 40.0 56 9 - 1 171 40.7
57 9-2 125 39.2 58 9-3 182 38.3
59 9 - 4 087 40.4 60 9 - 5 139 39.5
61 9-6 138 39.7 62 C

O -s
i 137 40.4

63 9 - 8 080 39.2 64 9 -9 190 40.2
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BANG 2- (tiep)

So
TT

Bo nhien lieu So
TT

Bd nhien lipu
Vj trf Ma so m U-235, g Vi trf Ma so m U-235, g

65 9 - 10 172 39.6 66 9 - 11 143 38.8
67 10 - 1 069 38.2 68 10 - 2 126 40.5
69 10 -4 065 39.8 70 10 - 5 174 41.0
71 10 - 6 169 38.8 72 10 - 7 081 39.3
73 10 - 9 159 40.7 74 10- 10 178 39.1
75 11 - 1 164 40.5 76 11 -2 127 39.8
77 11 -3 184 40.8 78 11 -4 183 40.1
79 11 -6 195 39.0 80 11 - 7 086 38.6
81 11 - 8 071 40.7 82 11 -9 075 41.7
83 12 - 2 124 38.7 84 12 - 3 123 40.2
85 12 - 4 122 40.7 86 12 - 5 073 40.0
87 12 - 6 084 41.0 88 12 - 7 072 39.2

Khdi lufdng U-235 tong cpng da nap la 3537,3 g

Qua trinh xac djnh dac trung thanh AR nhu sau. DUa Id den trang thai tdi ban 
vdi thanh AR hoan toan nhung trong vung boat, vj trf 650 mm. Keo thanh AR len mot 
doan de diTa vao mot do phan dng dddng r: cdng suat Id tang. Xac djnh chu ky nhan 
ddi cdng suat T2, dpa theo phi/dng trinh gid ngi/pc r = f (T2) xac djnh dupe phan dng 
dddng r tddng ufng, Bi/dc tiep theo,xac lap lai trang thai tdi ban vdi cdng suat ban 
dau bang each thay doi vj trf cac thanh KC dong thdi van gid nguyen vj trf thanh AR. 
Sau do lap lai qua trinh mb ta tren day, di/a dp phan dng dddng vao bang each keo 
thanh AR len mot doan va tiep tuc qua trinh cho den khi thanh AR dope rut toan bo 
khoi vung boat. Sau khi xac djnh do phdn ufng vdi tdng doan thanh AR, cpng cac 
phbn ufng nay Ian lupt theo chieu sau de xAy dpng difdng dac trdng tfch phan cua 
thanh.

Vj trf thanh AR di/pc xac djnh tren bdng chi thj vj trf d ban dieu khien. Thdi 
gian nhan ddi cdng suat dupe xac djnh nhd dong ho bam giay . H# thong thiet bj phu 
dong gdm buong ion hda KNK - 56 dat trong kenh ngang so 4 va may tp ghi KSPV - 
4 ghi dong ty Ip vdi cdng suat Id.

Khi xac djnh dac trung tfch phan cua thanh AR can tranh anh hifdng cua hipu 
ufng nhiet dp, hipu ufng cdng suat va hipu ufng nhiem dpc xenon. Trong khdi dpng vat 
ly, cac hi#u ufng nay chua xuat hien vl tien hanh d cdng suat rat be. Trong cac phep 
do, trang thai tdi ban dat dope d cdng suat kho&ng 1 . E-5% N (tufc cd 1.E-2 W), vdi 
N la cdng suat danh djnh bang 500 KW . Dp chu ky nh&n ddi d mufc cdng suat 1E- 
4% N. Trong cac dieu kipn nay, phi/dng trinh gid ngUpc sd dung cac thong so ndtron 
tre td phan hach U-235.
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Ngoai ra, trong qua trlnh x&c djnh dpc trUng tfch phan thanh AR con phai chu 
y den anh hudng cua cac thanh hap thv gan, la cac thanh KC1 va KC4. V) vay 
thi/dng hay khao sat cac cau hlnh KC1 = KC4= 0 mm va cau hlnh 4 thanh dieu khien 
KC nhung deu nhau. Sau d6y la kdt qu& dpc trUng tfch phan va dp hipu dung cua 
thanh AR bang cacbua Bor va bang thep khong gi.

Chu v - Trong thi/c te, khi khdi dpng cung nhu van hanh Id sau nay, vi trf ky 
hieu 4 thanh KC khac vdi cac ban ve thiet ke.

4.2 - Thanh AR cacbua bor

Dac trUng tfch phan dupe xac djnh doi vdi 4 cau hlnh nhien li#u khac nhau 
trong vung boat.

a) Cau hlnh 75 BNL va 12 thanh Berili, ngay 21/12/ 83.
Cau hlnh nay gidng cau hinh trdn Hlnh 3 cong them tpi 6 7-10 dat 1 BNL thay 

cho thanh Berili : nhu vay xung quanh thanh AR dat 1 BNL, 2 thanh Be va 2 thanh 
nhdm. Cau hinh cac thanh dieu khien la KC1 = KC3 = KC4 = 0 mm, con KC2 dung 
lam bu trd de dat trang thai tdi han. Kdt qud cho trong Bdng 3 trong dd chu y rang r 
la do hipu dung tudng ufng vdi dd djeh sau cua thanh vao vung boat, con trong qua 
trlnh do thl thanh AR di/pc rut dan Idn theo chieu ngUpc lai-

BANG 3 - Dac trUng thanh AR cacbua bor
dr : do phan ufng dUPng dng vdi chu ky nhan doi T2,

r : do hieu dung tudng ufng vdi vi trf nhung cua AR
rc : do hieu dung chuan ve ddn vj cua thanh AR

a) CSu hlnh 75 BNL 12 thanh Be : KC1 = KC3 = KC4 =0
Vi trf thanh Vi trf thanh Chu ky Dp hipu dung
KC2, mm AR, mm T2, sec dr r rc

365 650 - - 1.133 1.00
. 385 450 31.5 0.172 0.961 0.85

425 350 14.9 0.269 0.692 0.61
475 250 13.4 0.284 0.408 0.36
548 150 16.4 0.255 0.153 0.136
650 0 36.9 0.153 0 0

b) Cau hinh 74 BNL 13 thanh Be : KC1 = KC3 = KC4 =0
Vi trf thanh Vi trf thanh Chu ky Do hipu dung

KC2 , mm AR , mm T2, sec dr r rc
317 650 - - 0.857 1.00
340 450 37.2 0.153 0.704 0.83
372 325 19.3 0.234 0.470 0.55
405 225 20.8 0.223 0.247 0.29
455 0 17.4 0.247 0 0
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Bing 3 - (tiep)

c) Cau hinh 86 BNL 13 thanh Be KC1 = KC2 = KC3 = KC4
Vi trf bon Vi trf thanh Chu ky DO hi#u dung

thanh KC, mm AR, mm T2, sec dr r rc
363 650 - - 1.044 1.00
367 500 41.4 0.142 0.902 0.86
375 400 17.0 0.252 0.650 0.62
385 300 15.0 0.270 0.380 0.36
392 200 28.6 0.184 0.196 0.19
398 100 36.5 0.155 0.041 0.04
400 0 100. 0.041 0 0

d) Cau hinh 83 BNL 15 thanh Be KC1 = KC2 == KC3 = KC4
Vi trf bon Vi trf thanh Chu ky Dp hi#u dung

thanhKC, mm AR, mm T2, sec dr r rc
355 650 - - 0.865 1.00
365 450 22.6 0.21 0.655 0.76
373 325 15.2 0.27 0.256 0.45
380 200 16.7 0.256 0.129 ' 0.15
383 0 200 0.129 0 0

Trong cot cuoi cung cua Bang 3, dp hipu dung tong cua thanh AR (= 1.13 $) 
dupe chuan ve ddn vj; di'eu nay giup ta so sanh dang cac dudng dac trung tfch phan 
trong cac cau hinh khac nhau, Hinh 8.

b) Cau hinh 74 BNL va 13 thanh Berili, ngiy 22/12/83.
Xung quanh thanh AR dat 3 thanh Berili va 2 thanh nhem, Hinh 3. Ket qua 

cho trong Bang 3b vtifi dp hipu dung tong cua thanh AR = 0,85.

c) Cau hinh 86 BNL va 13 thanh Berili, ngay 29/12/83.
Xung quanh thanh AR van dat 3 thanh Berili va 2 thanh nhom, Hinh 4. Bon 

thanh KC cd cung vi trf nhung sau. Ket qui cho trong Bing 3c vdi dp hipu dung tong 
cua thanh AR = 1.04.

d) Cau hinh 83 BNL va 15 thanh Berili, ngay 30/12/83.
Xung quanh thanh AR cd 3 thanh Berili va 2 thanh nhom. Dp hi#u dung tong 

= 0,86, xem Bing 3d.

Hinh 8 trinh biy cac dac trung tfch phan sau khi chuan ve ddn vi. Y nghTa cua 
cac dudng cong nay se dupe phan tfch so sanh vdi cic dac trung cua thanh AR bang 
thep khdng gi d phan dudi day.
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4.3 - Thanh AR thep khong gJ

Nhir tren da noi, tif ngay 14/1/84 vung boat co cau hlnh lam vieo 88 BNL va 
18 thanh Berili vdi thanh AR bang thep khong gl. Trong cau hlnh nay da khao sat dac 
trung tfch ph&n cua thanh AR doi vdi cac bo trf khac nhau cua cac thanh dieu khien.

a) Ngay 14/1/84 vdi 4 thanh KC co cung vj trf cho do hieu dung thanh AR *
0.489, xem Hlnh 6 va Bang 4a.

b) Ngay 23/1/84 vdi cap thanh KC2, KC3 gitf co dinh d vj trf nhung hoan toan, 
dp hieu dung thanh AR = 0.593, xem Hlnh 7 va B&ng 4b.

c) Vdi vj trf ngUdc lai cua cac thanh dieu khien, gid co dinh cap thanh KC1 = 
KC4 = 650 mm, dp hieu dung cua thanh AR giam xuong = 0.449, B&ng 4c.

Ta nhan xet rang trong 3 tri/dng hdp trdn, do hieu dung r cua 3 thanh AR 
thep khong gl phu thudc nhieu vao vj trf cap thanh KC1, KC4 : r tang khi rut dan cap 
thanh nay ra khdi vung boat. Hlnh 8 trlnh bay cac difdng dac trUng tfch phan chuan 
nay, tuy rang moi dudng cong chi dtfdc xdc dinh bang 3 diem do. Sau khi khdi dong 
nang lupng da tien hanh xac djnh lai c&c dac trUng tfch phan nay cua thanh AR.

d) Ngay 28/2/84, 4 thanh KC = 450 mm, r = 0.442, B&ng 4d.
e) Ngay 29/2/84, KC1 = KC4 = 650 mm, r = 0.461, Bdng 4e
f) Ngay 1/3/84, KC2 = KC3 = 650, KC1 = KC4 = 370, r = 0.529, Bang 4f

BANG 4 - Dac trung thanh AR thep khdng gl.
Cau hlnh 88 BNL va 18 thanh Berili.

a) Vj trf cac thanh KC' = KC2 = KC3 = KC4
KC1 - KC4 AR . T2, s dr d. h. d r r chuan

450 650 - - 0.489 1.00
457 400 32.6 0.167 0.322 0.66
467 200 19 0.218 0.104 0.21
472 0 62 0.104 0 0

b) Vj trf cac thanh KC2 = KC3 = 650
KC1 = KC4 AR T2, s d r d . h. d r r chuan

368 650 - - 0.593 1.00
375 400 29.5 0.179 0.414 0.70
392 250 17.9 0.245 0.169 0.29

- 0 31.9 0.169 0 0
c) Vj trf cac thanh <C1 = KC4 = 650

KC2 = KC3 AR T2, s d r d. h. d r r chuan
375 650 - - 0.439 1.00
380 400 . 57.3 0.110 0.329 0.75
395 200 18.3 0.244 0.085 0.19

- 0 79 0.085 0 0
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Bing 4 - (tiep)

d) Vi trf cac thanh KC1 = KC2 = KC3 = KC4

KC1 - KC4 AR T2, s d r d. h. d r r chuan
450 650 - - 0.442 1.00

- 400 39.2 0.147 0.295 0.67
- 300 53.6 0.116 0.179 0.41
- 200 65.3 0.100 0.079 0.18
- 0 90.5 0.079 0 0

450 650 - - 0.474 1.00
- 400 37 0.148 0.326 0.69
- 300 50.3 0.122 0.204 0.43
- 200 56.6 0.112 0.092 0.19
- 0 72 0.092 0 0

e) Vi trf cac thanh KC1 = KC4 = 650

KC2 va KC3 AR T2, s d r d. h. d r "r chuan
363 650 - - 0.461 1.00
370 400 56 0.112 0.349 0.76
385 200 17 0.251 0.098 0.212

- 0 66 0.098 0 0
363 650 - - 0.379 1.00
372 400 64.4 0.100 0.279 0.74
377 300 . 65.5 0.099 0.180 0.49

380, 390 200 66 0.098 0.082 0,22
382, 395 0 84 0.082 0 0

f) Vi trf cac thanh KC2 = KC3 = 650

KC1 va KC4 AR T2, s d r d. h. d r r chuan
360 650 - - 0.529 1.00
368 400 32.5 0.168 0.361 0.69

381, 375 300 35.5 0.158 0.203 0.39
387 200 52 0.119 0.084 0.16

- 0 80.6 0.084 0 0
358 650 - - 0.555 1.00
367 400 35.8 0.158 0.397 0.71

- 300 34.2 0.162 0.235 0.42
385, 383 200 49.7 0.123 0.112 0.201

- 0 56.2 0.112 0 0
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Theo bang nay thi trang thai tdi han vdi cau hinh 88 BNL dat dupe vdi vj trf 
cac thanh dieu khien nhif sau : 4KC = 462 mm; AR = 300 mm.

4.4 - Nhan xet ve cac dac trUna tfch phan cua thanh AR

Hlnh 8 trlnh bay tat ck cac ket qu& do difpc cua cac dac tri/ng tfch ph&n cua 
thanh AR bang cacbua bor va bang thep khong gl doi vdi cac vj trf khdc nhau cua cac 
cap thanh KC1 va KC4 : 650 mm, 450 mm va 360-380 mm. TCf hlnh nay ta cd cac 
nhan xdt sau :

a) Tat ca cac difdng d#c tri/ng tfch phdn cd dang giong nhau. Chung deu co 
phan tuyen tfnh trong khodng tif 200 den 400 mm va dp hipu dung trong kho&ng nay 
chiem 50% do hipu dung toan thanh AR.

b) Vj trf cua cap thanh KC1 va KC4 nam gan thanh AR cd 6nh hudng manh 
den dang dac tri/ng tfch phan va dp hipu dung tong cua thanh AR.

- Khi cd hai thanh nay nam ngoai vung boat, KC1=KC4=0, (cac diem 1 va 2) 
hoac khi ca hai deu nam hoan toan trong vung boat, KC1=KC4=650, (cdc diem 
7,10,11), dac trifng tfch phdn cd dang dd'i xdng qua vj trf 300 mm.

- Khi cap thanh KC1-KC4 d cac vj trf trung gian, 450 mm (cac diem 5,8,9) va 
360-380 mm (cac diem 6,12,13) doi vdi thanh thep khong gl, thi dac trifng tfch ph&n 
cd dang khong doi xufng. Cac ket qud do khong cho phep phan biet cac tri/dng hpp 
trung gian nay, nen qua 6 loai diem do noi tren cd the ve mot dudng dac trifng 
chung. Tfnh khong doi xufng cua difdng cong nay the hipn d cho: nda tren 0 - 300 
mm cua thanh AR cd dp hipu dung bang 42%, con nda dVdi 300 - 650 mm cd dp 
hipu dung bang 58% do hipu dung toan thanh.

- Cung trong trifdng hpp cap thanh KC1 - KC4 nhung mpt phan 300 - 400 
mm, doi vdi thanh Cacbua bor, dac trifng tfch phan cd dang bat doi xufng manh hdn : 
Phan tren cua thanh Cacbua bor cd dp hipu dung bang 38%, con phan dudi 62%.

c) Dp hipu dung cua thanh AR phu thupc vao cau hinh vung boat va vdi cung 
mpt cau hinh, phu thuoc manh vao vj trf cap thanh KC1-KC4. Sau day la torn tat do 
hipu dung da xac djnh dupe.

- Doi vdi thanh Cacbua bor:

+ Cau hinh 75 BNL va 11 thanh Berili, xung quanh thanh AR cd 1 BNL, 4 
thanh Berili, 2 thanh nhom : do hipu dung = 1,13.

+ Cau hinh 74 BNL va 13 thanh Berili, xung quanh thanh AR cd 3 thanh Berili 
va 4 thanh nhom : do hipu dung = 0,86.
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+ Cau hinh 86 BNL va 13 thanh Berili, xung quanh thanh AR c6 3 thanh Berili 
va 4 thanh nhom : dp hieu dgng = 1.04.

+ Cau hinh 83 BNL va 15 thanh Berili , xung quanh thanh AR co 5 thanh Berili 
va 2 thanh nhom : dp hieu dung = 0,87.

Cac gia trj tren deu Idn hdn gidi han tren cho phep cua quy tac an toan hat
nhan.

- 0di vdi thep khong gi trong cau hinh 88 BNL va 18 thanh Berili, dp hieu 
dung nam trong khoang 0,4 - 0,61

Vi trf cac thanh 06 hieu dung
KC1 - KC4 KC2 - KC3 thanh AR

650 375 - 395 0.44
650 363 - 385 0.46
650 363 - 395 0.38

450 450 0.44
450 450 0.47

450 - 472 450 - 472 0.49

368 - 392 650 0.59
360 - 387 650 0.53
358 - 383 650 0.56

Cac ket luan v'e do hieu dung vd die truna tfch phan thanh AR

1) Khong dung Cacbua Bor lam thanh dieu khien td dpng dpi vdi Id phan ufng 
0a Lpt vi dp hipu dung qua Idn, quy tac an toan hat nhan khong cho phep.

2) Tuf ngay 17/1/1984 da thiet lap cau hinh lam vipc chfnh thufc cua vung boat 
gdm 88 BNL va 18 thanh Berili vdi thanh AR bang thep khong gi co dp hieu dung 0,4 
- 0,6 tuy theo vi trf cac thanh dieu khien KC1 - KC4.

3) 0i/dng dac trifng tfch phan thanh AR co dang doi xufng khi cap thanh KC1 - 
KC4 d vi trf nhung hoac rut hoan toan.

Do do khi sd dung thanh AR de do dp hi#u dung cac thanh KC hoac xac dinh 
cac hi#u ufng nhipt dp, edng suat, nhiem dpc Xenon ... can chu y den 2 dac diem noi 
tren va sd dung dt/dng dac tri/ng tfch phan thfch hpp.

Hinh 9 tom tat dac trUng tfch phan thanh AR trong cau hinh lam vipc vdi cac vj 
trf khac nhau cua KC1 - KC4 : 650, 450, va 380 mm. Trong boat dpng sau nay cua 
Id, d trang thai tdi han cac thanh KG thifdng difdc dat deu nhau, vung 450 mm, do do 
can sd dung dudng dac trdng tfch phan thanh AR tUPng dng vdi trudng hpp nay. Khi 
do dp hipu dung thanh AR la 0.49.
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V - BAC TRI/NG TfCH PHAN CAC THANH KC VA AZ odl Vdl CAU HlNH 
74 BNL

Dpc tri/ng tfch phan cua cdc thanh KC di/pc xdc djnh bang phifpng phap bu 
trd nhd thanh AR. Tuy nhien do dnh hi/dng cua cap thanh KC1- KC4 nen chi dung 
fhanh AR de xdc djnh d#c
trifng tfch phdn cua cdc thanh KC2 va KC3, con cdc thanh KC1 va KC4 se dupe xac 
djnh qua cdc thanh KC2 va KC3.

Cau hlnh 74 BNL, dung trong ngdy 22 - 25/12/1983, cd 3 thanh Berili va 2 
thanh nhom bao quanh thanh AR Caebua Bor. j

5.1 - Dae trUng tfch phan cac thanh KC2 va KC3

Cau hlnh dgt tdi hgn vdi vj trf cac thanh dieu khien 
KC1 = KC3 = KC4 = AR = 0, KC2 = 442 mm, ,

hodc KC1 = KC2 = KC4 = AR = 0, KC3 = 487 mm. |
Do do ta chi xac djnh dupe dac trifng tfch phan thanh KC2 trong khodng 0 - 442 mm 
vd KC3 trong khodng 0 - 487 mm.

- Ket qud do ngay 24/12/83 di/pc cho trong Bdng 5, d day d|c tri/ng tfch phan 
cua thanh KC2 chi xdc djnh difpc trong khodng 0 - 333 mm. Be noi ti&p ta sif dgng 
ede so lipu do thanh AR ngdy 22/12/83 trong do c6 cung ede vj trf KC1 - KCd = KC4 
= o mm Cdc so lidu nay difpc cho trong phan cuoi cua Bdng 5, trong 66 gid trj dp 
hipu dgng r cua KC2 t$i vj trf 317 mm difpc suy ra tif do thj dpc tri/ng tfch phan KC2 
theo so lipu ngdy 24/12/1983.

BANG 5 - Bu trif thanh KC2 vd KC3 bang thanh AR
Cau hlnh 74 BNL 13 thanh Be, KC1=KC4=0.

KC2, mm KC3, mm AR, mm dr AR
0 487 0 -

0 398 300 0.410
0 350 450 0.300

193 350 225 0.457
193 280 450 0.457
270 280 225 0.457
270 202 450 0.457
333 202 225 0.457
333 0 453 0.457
317 0 650 -

340 0 450 0.153
372 0 325 0.234
405 0 225 0.223
455 0 0 0.247
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TCf B&ng 5 suy ra d$ hipu dung cua cac thanh KC2 va KC3 theo vj trf, B&ng 6. 
Hinh 10 trlnh bay cac d&c trung tfch phan (cac dUdng gach noi dung de ngoai suy dp 
hi#u dgng tong).

BANG 6 - Bac trUng tfch phan thanh KC2 va KC3.

KC2, mm dr AR r KC2 KC3, mm dr AR r KC3
0 0 487 2.081

193 0.457 0.457 398 0.410 1.671
270 0.457 0.914 350 0.300 1.371
333 0.457 1.371 280 0.457 0.914
317 1.240 202 0.457 0.457
340 0.153 1.393 0 0.457
372 0.234 1.627
405 0.223 1.850
455 0.247 2.097

5.2- Dac trUna tfch phan cac thanh KC1 va KC4

Ngay 24/12/83 xac djnh dac tri/ng tfch phan cua thanh KC4 doi vdi vj trf KC1 = 
KC3 = AR = o mm.

Ngay 25/12/83 xac dinh dac trUng tfch phan cua thanh KC3 doi vdi vi trf KC2 = 
KC4 = AR = 0 mm, Bang 7. Cac dUdng dac trUng nay cung dupe trinh bay tren Hinh 
10.

BANG 7 - Bac trUng tfch phan thanh KC1 va KC4

KC1 KC3 dr KC3 r KC1 KC4 KC2 dr KC2 r KC4
535 0 - 2.02 650 75 - 1.95
500 113 0.18 1.84 500 118 0.10 1.85
400 202 0.26 1.58 400 217 0.40 1.45
300 298 0.56 1.02 300 300 0.45 1.00
200 382 0.56 0.46 200 373 0.53 0.47
100 460 0.38. 0.08 100 422 0.53 0.14

0 490 0.08 0 0 448 0.14 0

TO Hinh 10 ta dupe dp hieu dung cua cac thanh KC nhu sau 
KC1 : 2.08, KC2 : 2.48, KC3 : 2.36, KC4 : 1,96.

Bp phan Ong do trO cua cau hinh 74 BNL dupe xac dinh qua KC2 la 2.1 (KC2 = 455; 
KC1 =KC3=C4=AR=0) va qua KC3 la 2.08 (KC3 = 487; KC1 =KC2=KC4=AR=0) :
Bp phan Ong dp trO trung binh bang 2.09.
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06 sau dudi tdi han, khi nang ca 2 thanh AZ len khoi vung boat con cac thanh KC vA 
AR dudi, dU0c tfnh bang hipu gitfa tong dp hipu dung cac thanh KC va AR vdi do 
phan ufng dU truf. Vay dp sau dudi tdi han bang

(2.08 + 2.48 + 2.36 + 1.96 + 0.86) - 2.09 = 7.65.

5.3 - Do hieu dung dona thdi cua cap thanh KC1 va KC2

Bang 8 trinh bay dp hipu dung cua cap thanh KC1 va KC2 dupe xac dinh qua 
KC3 vdi vi trf cac thanh khac KC4 = AR = 0 (ngay 24/12/83), cung vdi dp hipu dung 
tong cong cua KC1 va KC2 tfnh rieng diet. Hai do thj , Hinh 10, dhd (KC1 va KC2) va 
dhd (KC1) + dhd (KC2) khong khac nhau trong mien 0 - 300 mm, do do hieu ufng 
giao thoa giufa 2 thanh KC1 va KC2 chua dupe xac dinh (nho).

BANG 8 - Bp hieu dung dong thdi cap KC1 va KC2

KC1 = KC2
mm

KC3
mm

Bp hipu dung
(KC1 vA KC2) (KC1) (KC2) (KC1)+(KC2)

298 0 2.08 1.02 1.12 2.14
250 223 1.52 0.70 0.78 1.48
200 307 1.00 0.46 0.50 0.96
150 375 0.56 0.20 0.30 ' 0.50
100 438 0.20 0.08 0.16 0.24

0 487 0 0 0 0

5.4- Do hieu dung cua cac thanh AZ1 va AZ2

Be xac dinh dp hipu dung cua cac thanh AZ1 va AZ2 ta trao doi vai tro cua 
chung vdi hai thanh KC2 va KC3. Do dieu kipn day cap dipn cua dpng cd AZ2 tren 
thpc te chf trao doi dupe AZ1 vdi KC3 vdi AZ2 vdi KC2. Do do tren bang dieu khien 
khi ta thao tdc KC3 (KC2) thi trong vung hopt thpc chat la dich chuyen thanh AZ1 
(AZ2). PhUdng phap dupe ap dung la xac dinh dp hipu dung cua mpt dopn thanh AZ 
roi ngopi suy dp hipu dung tong bang each sCf dung dudng dac trUng tfch phan cua 
cac thanh KC I6n can.

Vi trf KC2 = KC3 = 0, giO vai tro cua thanh an toan.
Vdi trang thai tdi hpn KC1 = KC4 = AZ2 = AR = 0 va AZ1 = 473, dUa AR 

xuong vi trf 650 thi ph&i bu trif AZ1 = 337. NhU vay dopn 337 - 473 cua AZ1 cd dp 
hipu dung bang 0.86. Tren dopn nAy hai thanh KC l&n can KC1 co dp hipu dung 
bang 0.63 va KC2 co do hipu dung bang 0,74. Do do dp hipu dung cua AZ1 tfnh ty Ip 
theo dudng dac trUng KC1 bang 2.82 vA theo dac trUng cua KC2 bang 2.97. Gia tri 
trung blnh cua do hieu dung thanh AZ1 bang 2.9.

TUPng tp, vdi trpng thai tdi hpn KC1 = KC4 = AZ1 = AR = 0 vA AZ2 = 446, 
dUa AR xuong vi trf 650 thi phAi bu trif AZ2 = 328. NhU vay dopn 328 - 446 cua AZ2 
co do hieu dung bang 0.86. Tren dopn nAy hai thanh KC Ian can KC3 cd do hipu
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dung bang 0.68 va KC4 co do hi#u dung bang 0.56. Do do dp hieu dung cua AZ2 
tinh ty Ip theo difdng dpc tri/ng KC3 bang 2.98 va theo 6kc tri/ng KC4 bang 3.0. Gia 
trj trung binh cua dp hipu dung thanh AZ2 bang 2.99.

Tom tat ket qu& dac tri/ng cau hlnh 74 BNL oho 6 Bang 18.

VI - DAC TRI/NG TICH PHAN CAC THANH KC DOI VCfl CAU HINH 86 BNL

Cau hlnh 86 BNL co 3 thanh Berili va 2 thanh nhom bao quanh thanh AR 
Cacbua Bor, cac phep do tien hanh ngay 29/12/83, tUdng tu nhu muc V.

6.1 - Dac trUna tich phan cac thanh KC2 va KC3

Cau hlnh dat tdi han vdi vj trf cac thanh dieu khien KC1 = KC4 = 515 va cac 
thanh khac di/pc cho trong Bang 9.

BANG 9 - Bu trCf thanh KC2 va KC3 bang thanh AR
Cau hlnh 86 BNL 13 thanh Be, KC1=KC4=515

KC2, mm KC3, mm AR , mm dr AR
0 650 200 -

0 457 400 0.454
165 457 200 0.454
165 398 400 0.454
228 398 200 0.454
228 343 400 0.454
282 343 200 0.454

- 282 292 400 0.454
328 292 200 0.454
328 237 400 0.454
377 237 200 0.454
377 165 400 0.454
427 165 200 0.454
427 0 378 0.380
493 0 200 0.380
545 0 0 0.196

SO dung dac tri/ng tfch phan thanh AR do ngay 29/12/83 ti/dng ufng vdi cac vj 
trf KC1 = KC4 - 360 - 400 mm vdi cac gia trj

dp hieu dung tong cua AR = 1.044,
do hipu dung AR 200 - 400 mm = 0.454, 
do hieu dung AR 200 - 378 mm = 0.380, 
do hieu dung AR 0 - 200 mm = 0.196, 

tCf Bang 9 ta suy ra do hieu dung cac thanh KC2 va KC3 theo vj trf, Bang 10.
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BANG 10 - D&c trifng tfch phdn thanh KC2 va KC3

KC2, mm dr AR r KC2 KC3, mm dr AR r KC3
0 - 0 0 - 0

165 0.454 0.454 165 0.380 0.380
228 0.454 0.908 237 0.454 0.834
282 0.454 1.362 292 0.454 1.288
328 0.454 1.816 343 0.454 1.742
377 0.454 2.270 398 0.454 2.196
427 0.454 2.724 457 0.454 2.650
493 0.380 3.104 650 0.454 3.104
545 0.196 3.300

6.2 - Dac trUna tfch phan cac thanh KC1 va KC4

Xac djnh dac trifng tfch ph&n cua thanh KC4 qua KC2 doi vdi vi trf KC1 = KC3 
= 515 mm, AR = 200 mm.

Xac djnh dac trifng tfch ph&n cua thanh KC1 qua thanh KC3 doi vdi vi trf KC2 
= KC4 = 482 mm, AR = 200 mm va qua KC2 doi vdi KC3 =KC4 = 448, AR = 200, 
Bang 11, cung vdi dac trifng tfch phan cua AR trong cau hinh 86 BNL.

BANG 11 - Dac trifng tfch phan thanh KC1 va KC4

KC1 ' KC3 dr KC3 r KC1 KC4 KC2 dr KC2 r KC4
650 0 - 2.79 650 0 - 2.56
500 123 0.24 2.55 500 108 0.25 2.31
400 227 0.50 2.05 400 197 0.40 1.91
300 317 0.74 1.31 300 282 0.72 1.19
200 400 0.74 0.57 200 347 0.63 0.56
100 465 0.43 0.14 100 392 0.43 0.13

0 498 0.14 0 0 407 0.13 0

KC1 KC2 dr KC2 r KC1
650 190 0.10 2.80
553 200 0.85 2.70
400 300 0.95 1.85
280 400 0.60 0.90
152 500 0.30 0.30

0 650 - 0

Tif Hinh 11 ta difpc do hi#u dung cua cac thanh KC nhif sau :
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KC1 : 2.80, KC2 : 3.48, KC3 : 3.10, KC4 : 2.56.
Ta cung nhan thay rang trong ca hai phep do qua KC2 va KC3 dp hipu dune 

cua KC1 nhu nhau nhifng dang cac dudng dac trUng thl khac nhau: qua KC3 co danc 
doi xUng qua vi trf 300 mm con qua KC2 dac trUng tfch phan co dang khong do 
xUng, nUa phan tren co dp hipu dung be hdn nufa phan dudi. Dieu nay co the ga^ 
nen do anh hvdng cua thanh KC2 ten thanh KC1 vl trong qua trinh do 2 thanh na^ 
chuyen dong ngUpc chieu nhau.

6.3 - He so giao thoa va do phan ufng dtf trCt

Ngay 29/12/83 do dp hipu dung khi djeh chuyen dong thdi 4 thanh KC, dupe : 
AR 650 500 400 300 200 100 0 
4 KC 363 367 375 385 392 398 400.

TCf do dupe do hieu dung 4 thanh KC trong khoang 363 - 400 : 
dhd 4KC (363-400) = dhd AR = 1.04.

Mat khac, xac dinh dp hipu dung tong cua tCrng thanh rieng dipt neu gia thiet suf dung 
cac di/dng dac trUng tren Hinh 11:

dhd KC1 (363-400) = 2.04 - 1.76 = 0.28 
dhd KC2 (363-400) = 2.48 - 2.12 = 0.36 
dhd KC3 (363-400) = 2.22 - 1.90 = 0.32 
dhd KC4 (363-400) = 1.90 - 1.66 = 0.24

Tong = 1.20
Nhu vay hp so giao thoa cua 4 thanh KC bang 

K = 1.04/1.20 = 0.87.
Bo hipu dung cua tong 4 thanh dong thdi bang dp hipu dung tong cua tCrng thanh 
nhan vdi hp so giao thoa

dhd 4KC & = k x dhd 4 KC = 0.87 x 11.94 = 10.40.

TUdng Ung vdi trpng thai tdi han KC1=KC2=KC3=KC4= 385 mm va AR= 300
mm,
dhd AR (300) = 0.38,dhd KC1 (385) = 1.94, dhd KC2 (385) = 2.34, 
dhd KC3 (385) = 2.10, dhd KC4 (385) = 1.80, Tong 4 KC = 8.18.

Dp phan ufng dU trff'bang 0.87 x 8.18 + 0.38 = 7.50.
Dp sau dudi tdi han tucfng Ung vdi cac thanh KC va AR nam treng vung boat 

bang (10.40 + 1.04)- 7.50 = 3.94.
Tom tat cac ket qua doi vdi cau hinh 86 BNL dupe cho trong B&ng 18.

VII - DAC TRUNG TICH PHAN CUA CAC THANH KC VA AZ D6l V(5l CAU 
HiNH 88 BNL

Trong cau hinh 88 BNL 18 thanh Berili, thanh AR bang thep khong gl.
Ngay 14/1/84 xac dinh dac trUng tfch phan cac thanh dieu khien nhUng do dp 

phan Ung dU trU qua Idn khong the do dupe toan bp mpt thanh. Do do ngay 14/1/84 
(chi mpt ngay) da dat mpt thanh Cacbua Bor vao bay ndtron de giam do phan Ung dU
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trCir. Vipc xac djnh do hipu dung cac thanh KC va AZ trong dieu ki#n nhif vay khdng 
hoan toan sat vdi thUc te.

7.1 - TrUdna hop b)nh thUdna. dd hiiu dung KC2 va KC3

Trong bay ndtron khdng c6 thanh Cacbua Bor , ngay 14/1/84 da xdc djnh d$c 
trufng tfch phan cac thanh KC2 va KC3 qua thanh AR vdi vj trf KC1 = KC4 = 650 mm. 
Xuat phat tif vj trf KC2=298, KC3=650, AR=200, tuan tU dUa AR xuong 400 va bu trd 
bang KC3 len 512, roi lai rut AR Idn 200 va bu trd bang KC2 xuong 322 cho den vj trf 
cuoi cung KC2=650, KC3=233, AR=650 (xem thdm B&ng 12) :

KC2 298 298 322 ..( xem .. 545 650 650 ; dhd AR (200-400) = 0.244,
KC3 650 512 512 .. B&ng.. 263 263 233 ; dhd AR (287-400) = 0.150,
AR 200 400 200 .. 12).. 400 287 650 ; dhd AR (287-650) = 0.260.

VI khdng the rut toan bp thanh KC2, (hope KC3), ra khdi vung boat, gpi x =
dhd KC2 (0-298), /y = dhd KC3 (0-233)/, suf dung cac gia trj tren day cua dp hipu 
dung tirng phan cua thanh AR trong dieu kipn KC1=KC4=650 (do ngay 23/1/84), ta 
dupe dac trvng tfch ph&n cac thanh KC2 va KC3, B&ng 12.

BANG 12 - Do hipu dung KC2 va KC3 qua AR vdi KC1 =KC4=650 mm

KC2 KC3 dhd KC2-X KC3 KC2 dhd KC3-y
298 650-512 0 (+x) 233 650 0 (+y)
322 512-468 0.244 263 650-545 0.260
345 468-434 0.488 290 545-493 0.504
368 , 434-404 0.732 313 493-457 0.748
395 404-373 0.976 343 457-425 0.992
425 373-343 1.220 373 425-395 1.236
457 343-313 1.464 404 395-368 1.480
493 313-290 1.708 434 368-346 1.724
545 290-263 1.953 468 345-322 1.968
650 263-233 2.102 512 322-298 2.212

650 298 2.456

Vdi thanh Cacbua Bor trong bay cho phep xac djnh toan thanh KC3 va bo sung 
phan edn Ipi cua thanh KC2, tti dd suy ra gia trj cua xvAy (xem sau d&y).

7.2 - TrUdna hop Bay natron co thanh Cacbua Bor

Ngay 16/1/84 xac djnh dac trdng cac thanh dieu khien :
- KC2 va KC3 qua AR vdi KC1 =*KC4=352 mm, B&ng 13;
- KC1 qua KC3 vdi KC2=KC4=346 mm, AR=300 mm va KC4 qua KC2 vdi 

KC1=KC3=327 mm, AR=300 mm, B&ng 14.
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Hinh 12. D$c tnmg tich. phan cua cac thanh KG 
d5i vo’i cSu hlnh vung ho$t 88 BNL.
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BANG 13 - Bp hi#u dung KC2 va KC3 qua AR vdi KC1=KC4=352 mm 
dhd AR (200-400) = 0.27

KC2 KC3 dhd KC2 KC3 KC2 dhd KC3
0 650-504 0 0 435 0

135 504-456 0.27 157 435-400 0.31
182 456-420 0.54 209 400-373 0.58
226 420-383 0.81 252 373-347 0.85
260 393-348 1.08 289 347-318 1.12
290 348-320 1.35 320 318-290 1.39
318 320-289 1.62 348 290-260 1.66
347 289-252 1.89 383 260-226 1.93
373 252-209 2.16 420 226-182 2.20
400 209-157 2.43 456 182-135 2.47
435 157-0 2.70 504 135-0 2.74

• 650 0 3.01

Hinh 12 trinh bay cac di/dng dac trUng KC do trong c& 2 trUdng hpp. Bp hidu 
dung KC3 = 3.01 trong trUdng hpp bay cd thanh Cacbua Bor. Xap xl gia trj nay vdi 
trUdng hop khong co thanh Cacbua Bor trong bay ta dUOc y = 0.68. Boi vdi thanh 
KC2 Ian dau do trong khoang 298-650 mm, fan sau co thanh B4C do trong khoang 0- 
435 mm, neu ta noi xap xl cac gia trj trong khoang chung 298-435 ta dU0c x=1.41 va 
do hieu dung cua KC2 ta dUOc dp hieu dung cua KC1 = 3.50 . Bp hieu dung cua 
KC4 = 3.15. Bo hieu dung tong 4 KC = 13.11.

BANG 14 - Bac trUng tfch phan thanh KC1 va KC4, vdi AR=300, 
KC2=KC4=346 mm KC1 = KC3 = 327 mm

KC1 KC3 dr KC3 r KC1 KC4 KC2 dr KC2 r KC4
0 650 - 0 0 650 - 0

100 550 0.11 0.11 100 548 0.13 0.13
200 440 0.52 0.63 200 452 0.49 0.62
300 335 0.86 1.49 300 370 0.73 1.35
400 205 0.97 2.46 400 282 0.85 2.20
473 0 0.54 3.00 500 198 0.66 2.86
511 0 AR=0.22 3.22 650 145 0.29 3.15

7.3 - He so aiao thoa va do phan ufna dU trO



Ngay 14/1/84 xac djnh dp hipu dung khi dich chuyen dong thdi 4 thanh KC,
AR 650 400 200 0
4 KC 450 457 467 472

Bo hieu dung dong thdi 4 thanh KC trong khodng 450 - 472: 
dhd 4KC (450-472) = dhd AR = 0.49.

Mat khac, xac djnh dp hieu dung tong cua tifng thanh rieng bipt neu sir dung 
cac dudng dac trifng tren Hlnh 12 :

dhd KC1 (450-472) = 3.00 - 2.82 = 0.18
dhd KC2 (450-472) = 2.90 - 2.78 = 0.12
dhd KC3 (450-472) = 2.50 - 2.40 = 0.10
dhd KC4 (450-472) = 2.68 - 2.52 = 0.15

dhd tong = 0.55

He so giao thda k = 0.49 / 0.55 = 0.89.

Dp hipu dung cua cac thanh KC va AR d vj trf tdi hpn la 
dhd AR (400) = 0.33
dhd KC1 (457) = 2.87, dhd KC2 (457) = 2.81 .
dhd KC3 (457) = 2.45 dhd KC4 (457) = 2.57 

Tong 4KC = 10.70
Bp phan tfng dp trCT = 0.89 x 10.70 + 0.33 = 9.85

Dp sau difdi tdi han ti/dng ufng vdi cac thanh KC va AR nam trong vung hopt 
bang (0.89 x 13,11 + 0,49) - 9,85 = 2,31

7.4 - Do hieu dung cua cac thanh AZ

PhifPng phap do nhtf dupe trinh bay d muc 5.4. KC2 = KC3 = 0, gitf vai tro 
cua cac thanh an toan.

Vdi trpng thai tdi hpn KC1 = KC4 = AZ2 = 457, AR = 300 va AZ1 = 650, 
dVa 4 thanh dau xuong vj trf 650 thl phai bu trCf AZ1 = 262. Nhd vpy dopn 262 -650 
cua AZ1 cd do hipu dung bang 2.10. Tren dopn nay hai thanh KC Ian can KC1 c6 dp 
hieu dung bang 2.48 va KC2 cd dp hieu dung bang 2.45. Do do dp hieu dung cua 
AZ1 tfnh ty le theo dp hipu dung 3.55 cua KC1 thl bang 3.0 va theo dp hi#u dung 
3.45 cua KC2 thl bang 2.96. Gia trj trung binh cua dp hipu dung thanh AZ1 bang 
2.98.

TVdng tp, vdi trong thai tdi han KC1 = KC4 = AZ1 = 489, AR = 300 va AZ2 = 
650, dda 4 thanh dau xuong vi trf 650 thl phai bu trif'AZZ = 320. Nhv vay doan 320 - 
650 cua AZ2 cd dp hipu dung bang 1.42. Tren doan nay hai thanh KC Ian can KC3 
cd dp hieu dung bang 1.60 va KC4 cd dp hipu dung bang 1.64. Do do dp hipu dung 
cua AZ2 tfnh ty le theo dp hipu dung 3.01 cua KC3 thl bang 2.67 va theo do hieu
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dgng 3.15 cua KC4 thl bang 2.73. Gia trj trung blnh cua dp hipu dgng thanh AZ2 
bang 2.70.

Tom tat cac ket qua do doi vdi cau hlnh 88 BNL dUdc cho trong Bing 18.

VIII - B0 HIEU DMNG CUA M0T SO YEU T0 TRONG VUNG BOAT

Do dp hi#u dgng cua mpt so bo nhidn lipu, thanh Berili va cac kenh thf 
nghipm trong vung boat doi vdi cac cau hlnh khac nhau. Dung phodng phap bu trd 
de so sanh vdi dp hieu dgng cua cac thanh KC va AR.

8.1 - Do hieu dung cac bo nhien lieu

Bp hieu dgng cua mpt so bo nhien lipu d cac vj trf khac nhau dupe xac dinh 
bang each dUa Id phan ufng len trang thai tdi han khi co BNL va khi khdng cd BNL, 6 
mang de trong (co ni/dc) hope dupe thay bang thanh nhom chen hay thanh Berili . 
Ket qua cho trong Bang 15.

BANG 15- Do hieu dgng cua BNL
(cot 1 : so BNL, vi trf, chat thay the, dp hi#u dgng,
(cot 2 : dich chuyen thanh va dp hipu dgng tUdng ufng)

BNL, vi trf/ 
do hieu dgng KC1

Dich chuyen khi khdng cd BNL/ dp hieu dgng
KC2 | KC3 | KC4 | AR

a) Cau hlnh 74 BNL (23/12/8:3)

-N 067,. 10- 
1

213-213
0

213 - 213 213 - 213 213 - 213 213-213
0

ni/dc 0.58 213-172 213 - 172 213 - 172 213 - 172 213-172
- N 060, 7-1 0.18 0.17 0.18 0.18 0.18

ni/dc 0.40 213-172 213 - 272 213 - 272 213 - 272 213-172
- N 188, 7-4 0.18 0.17 0.18 0.18 0.18

nude 0.36 172-172 172 - 172 172 - 172 172 - 172 172-172
- N 186, 6-3 0 0 0 0. 0

nude 0.19 172-172 172 - 172 172 - 172 172 - 172 172-172
- N 194, 7-5 0 0 0 0. 0

nude 0.16 213-213 213-213 213-213 270 - 213 213-213 '
- N 067,11- 0. 0 0 0.26 0.

1 213-213 213 - 213 213 - 213 270 - 213 213-213
Al 0.52 

-N 067, 11-1 
Be 0.28

0 0 0 0.28 0
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BANG 15 - (tiep) 
BNL.vi trf/ Dich chuyen khi khong co BNL / do hieu dgng

do hi#u dgng | KC1 KC2 I KC3 [ KC4 | AR
b) Cau hinh 86 BNL (31/12/83)

-N 060, 7- 385-338 358 - 358 358 - 338 358 - 338 0 -650
1 0.36 0.44 0.40 0.36 -1.04
node 0.52 420-420 420 - 420 420 - 420 420 - 420 330-0
- N 056, 1- 0. 0. 0. 0. 0.40
4 385-385 385 - 385 385 - 385 385 - 385 395-0
Al 0.44 0. 0. 0. 0. 0.62
- N 076, 1- 390-390 390 - 390 390 - 390 390 - 390 650-320
3 0. 0. 0. 0. 0.60
Al 0.62 385-385 385 - 385 385 - 385 417 - 385 650-0
- Ni 58, 1-2
Al 0.60 0. 0. 0. 0.19 1.04
- N 076,1-3 & 

Ni 58, 1-
2
- Al 1.23

c) Cau hinh 88 BNL (18/1/84 i

-N150, 7-4 470-408 451-451 451-451 451-451 300-300
node 0.48 0.48 0. 0. 0. 0.

-N194, 7-3 470-448 451-451 .451-451 451-451 300-300
node 0.16 0.16 0. 0. 0. 0.

-N 069, 10-1 470-432 451-451 451-451 451-451 300-300
node 0.28 0.28 0. 0. 0. 0.
-N186, 6-3 470-448 451-451 451-451 451-451 300-300
node 0.16 0.16 0. 0. 0. 0.

8.2 - Do hieu dung cua cac thanh Berili va cac veu to khac 
0o hi#u dgng cua cac thanh Berili dddc xac dinh doi vdi nude ho&c thanh 

nhom chen thay the, do hieu dgng cua cac yeu to khac dVdc xac dinh doi vdi nude, 
Bang 16.

Nhin chung, do hieu dgng cua cac BNL va cac thanh Berili deu ddcfng va nam 
trong khoAng 0.1 - 0.6 ngopi trd khoi Be cua bay ndtron, con dp hi#u dgng cua cac 
thanh kim loai (thep khong gl, nhom) doi vdi node la am.

BANG 16-06 hieu dgng thanh Berili va cac yeu to khac 
Yeu to : KTN : kenh thf nghipm; AL1 : thdi nhom dai 85 cm dodng kmh 15 

mm; AL2 ; thanh nhom dai 53 cm treo dodi thanh di’eu khien; Fe : thanh thep khong 
gi dodng kfnh 29 mm; BeK : Khoi Berili cua bay ndtron 

Vi trf: BN : bay ndtron; MQ : mam quay.
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Yeu to, vj trf/ Djch chuyen khi khong co yeu to / dp hipu dung
do hi# j dung KC1 KC2 I KC3 I KC4 | AR

a) Cau hinh 74 BNL (25/12/83)
-1 Be, 9 - 1 213-213 213 - 213 213 - 213 213 - 213 272-0

nude 0.34 0. 0. 0. 0. 0.34
-2Be,9- 1 va10- 213 - 213 213 - 213 213 - 213 213-213 414-0

1 0. 0. 0. 0. 0.62
nude 0.62 213 -213 213 - 213 213-213 213-213 650-0
-3 Be 9 - 1
10-1 va 11-1 0. 0. 0. 0. 0.86
nude 0.86

- KTN, 7 - 3 172 - 172 172- 172 172 - 172 172 - 172 395 - 450
nude - 0.12 0. 0. 0. 0. -0.12

- KTN BN 172 - 172 172 - 172 172 - 172 172 - 172 433 - 395
nude 0.08 0. 0. 0. 0. 0.08

- A 11 BN 172 - 172 172 - 172 172 - 172 172 - 172 450 - 433
nude 0.04 0. 0. 0. 0. 0.04

- A 11 MQ 172- 172 172 - 172 172 - 172 172 - 172 437 - 433
nude 0.01 0. 0. 0. 0. 0.01

- A 12 7 - 3 172 -172 172 - 172 172 - 172 172 - 172 277 - 438
nude -0.32 0. o. o. 0. -0.32

b) Cau hinh 86 BNL (31/12/83)
- 1 Be 1 - 3 385 - 385 385 - 385 385 - 385 385 - 385 247-0

A 1 0.26 0. 0. 0. 0. 0.26
- 1 Be 1 - 2 395 - 395 395 - 395 395 - 395 395 - 395 232 - 0

A 1 0.27 0. 0. 0. 0. 0.27
- 1 Be 1 - 4 405 - 405 405 - 405 405 - 405 405 - 405 232-0

A 1 - 0.27 0. 0. 0. 0. 0.27
- 1 Fe 7 - 1 338 - 338 338 - 338 338 - 338 338 - 338 335 - 650

nude -0.58 0. 0. 0. 0. -0.58
c) Cau hinh 88 BNL (19/01/84)

- 1 Be 13 - 2 470 - 440 451 - 451 451 - 451 451 - 451 300 - 300
nude 0.20 0.20 0. 0. 0. 0.

- 1 Be 1 - 4 470 - 434 451 - 451 451 - 451 451 - 451 300 - 300
nude 0.26 0.26 0. 0. 0. 0.

- A 12 6 - 3 407 - 448 451 - 451 451 - 451 451 - 451 300 - 300
nude -0.32 -0.32 0. 0. 0. 0.

- BeK BN 470-147 451 - 451 451 - 451 451 - 451 300 - 300
nude 2.64 2.64 0. 0. 0. 0.

IX - PHAN b6 TUCING b6i cua mat bO thong luqjng notron nhi$t

Xac dinh phan bo mat do thong lupng ncftron nhiet theo tiet dipn ngang va 
theo chieu cao cua vung boat doi vdi cau hinh co bay ncftron bang phucfng phap kich
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boat la do Dy-164. Dong vj Dy-165 cd thdi gian 140 phut va phan ra beta vdi nang 
lupng Emax = 1.28 Mev (84%) va 1.19 MeV (14%)

9.1 - Cau hinh 86 BNL

Do tai 24 diem, 23 diem d BNL va mot diem d bay notron. La do dat tai diem 
giQa BNL theo chieu cao va 2 diem tren va dudi each diem gitfa 5 cm. Ket qud dupe 
lay trung binh cua 3 diem do. Chieu cac la do d cong suat co 1 .E-2% N, tufc la vai 
chuc Watt, thdi gian chieu la 10 phut. B&ng 17 va Hlnh 13; cho phan bo tUdng dci 
cua mat dp thong lupng notron, lay mat dp thong lupng notron tai tarn bay Bang 1. 
Hlnh 14 trinh bay phan bo tUdng doi cua mat dp thong lupng notron nhipt theo tiet 
dien ngang ben trong bo nhien lipu tai cac 6 6-5 va 6 6-8.

Ta thay rang mat do thong lupng notron tang td ngoai vac trong va nhan gia 
tri cd 0,95 ngay tai mep BNL tiep xuc vdi thanh Berili cua bay notron. TU cac ket qua 
do ta dupe gia tri mat do thong lupng trung blnh la 0.54. Do dddp bat dong deu theo 
ban kinh la

Kr = <|>max /(<{>) — 0.95 / 0.54 = 1.76

9.2 - Cau hinh 88 BNL

Do tai 28 diem trong do co kenh Udt K7-1 va bay ndtron. Bang 17 va Hlnh 15 
cho ket qua do. Mat do thong lupng trung blnh tren 27 diem do la 0.35. Do bat dong 
deu khong xac dinh dupe vi khdng do dupe gia tri epe dai- Nhom chuyen gia Lien Xo 
xac dinh Kr = 1.84 doi vdi ck hai cau hlnh (xem tai lieu /2/).

Nhin chung, qua Bang 17 ta nhan thay rang phan bo mat do thong lUdng trong 
2 cau hinh kha khac nhau, mat dp thong lupng trong cau hinh 86 BNL 13 thanh Be 
phan bo deu hdn so vdi cau hinh 88 BNL 18 thanh Be d day mat dp tai bay ndtron 
dupe chuan bang 1.

BANG 17 - Mat dp thong lupng ndtron theo tiet dipn ngang 
(chuan tai bay ndtron ve ddn vi).

Vi tri 2 - 2 2 - 4 2 - 5 2 - 7 3 - 1 3-4 co C
D 3 - 9

c.h 86 BNL 0.52 0.55 0.57 0.45 0.48 0.43
c.h. 88 BNL 0.31 0.35 0.34 0.28 0.31 0.32 0.32 0.28

Vi tri 4 - 2 4 - 4 4-7 4 - 9 5 - 1 5-3 5-4 5 - 6
c. h. 86 BNL 0.46 0.50 0.49 0.39 0.55 0.50 0.60
c. h. 88 BNL 0.25 0.27 0.28 0.25 0.31 0.30

Vi trf 5 - 8 5 - 10 5 - 11 6 - 3 6 - 5 6 - 8 6 - 10 K7 - 1
c. h. 86 BNL 0.46 0.47 0.60 0.60 0.52
c. h. 88 BNL 0.29 0.28 0.30 0.40 0.38 0.28 0.65

Vi trf 7 - 2 7 - 3 7 - 4 Bay N 7-8 7-9 7-9
c. h. 86 BNL 0.51 0.57 0.64 1.00 0.60 0.55 0.55
c. h. 88 BNL 0.32 0.34 0.36 1.00 0.37 0.31 0.31
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Hinh 13 . Phan bo tirong doi cua mat do thong lirong 
no'tron nhiet theo tiet di|n ngang vung 
hoQit vo’i cau hinh 86 BNL.

O
A1 , A2 
K1 , ..., K4 

(®)

8

* • • • f

Bo nhien li|u
Cac thanh bao v| su* co AZ1 , AZ2 
Cac thanh bu trir KC1,..., KC4
Thanh dieu khien tir dong AR
Thanh chen Berili

Thanh chen hhom

Bay natron

Phan bo turcmg d5i cua mat do 
thong lirong no’tron nhi|t
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BNL 6.5 BNL 6.8

I X

.. 6 f

Hinh 14 . Phan bo tironig doi cua m|t d$ thong lu’Q’ng 
no'trdn nhiet theo ti&t dien ngang cac BNL 
t$i 6 6.5 va o 6.8 ( cau hinh 86 BNL ) •

62



kenh

: TV

' Hxnh 151. Phan bo tiro*ng doi cua m§t dg thong lirong 
natron nhift theo tiet di|n ngang vung 
boat vo'i cfiu hlnh 88 BNL.

0 
A1 , A.2 
K1 , K4

1•0 ^y 0•31»•••

Cac BNL
Cac thanh bao v| sg c6 AZ1 , AZ2 
Cac thanh bu trir KC1,..., KC4
Thanh dieu khien tir dgng AR
Thanh chen Berili

Bay natron

Phan b5 tirong doi cua mat do
thong luang natron nhi|t
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Hinh 16 Phan b6 tirong d5i cua m|t d§ thong lmyng no’tron 
nhi|t theo chieu cao vung ho$t t$i bay no’tron.
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Hinh 17. Phan b5 tu-oTig d5i m$t d$ thong lumig no’tron nhift
theo chieu cao vimg ho^t, t$i cac m$t cua 6 5.6
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Ti

Kenh so 1 
Kenh so 2 
Kenh so 3 
Kenh so 4

ftinh 18 Phnn bo tiroTif* doi mat dq 
theo tryc oac kenh ngang

thong lirqTig no’tron nhi»t 
thi nghi$m.
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dgc theo true c§t nhiet.



Trong cau hinh nay cung da do phan bo tPdng doi cua mat dp thong li/png 
ndtron nhiet theo chieu cao vung boat tai bay ndtron, Hinh 16, va tai cac mat BNL vj 
tri 5-6, Hinh 1/..Trong cac phep do nay, vj trf cac thanh KC la 457 mm va AR la 300 
mm. Ta thay rang phan bo trong bay ndtron khong doi xufng : dPdng cong dat cpc dpi 
tai khoang 300-450 mm. Cac phan bo theo chieu cao tai 6 5-6 khong co dang nhp tai 
bay ndtron. Bo khong dong d’eu tai mat 1 va mat 6 la 1.13; d mat 2 va mat 5 la 1.23; 
va d mat 3 va mat 4 la 1.29.

Hinh 18 trinh bay phan bo tv/dng doi mat dp thong li/png ndtron nhiet theo true 
cac kenh ngang thf nghipm : Mat dp nay gidm theo ham mu. TP bidn vanh phan xa 
den mat ngoai be tong bao v# mat dp thong lupng gidm khoang 500 Ian. Kenh ngang 
so 4 dat sat vung boat, mat dp thong lupng ndtron theo kenh nay giam 1000 Ian tCr 
trong ra ngoai. Ngoai ra cung can chu y rang mat dp thong li/png ndtron d kenh so 1 
Idn hdn d kenh so 2 : dieu nay khang dinh rang kenh so 1 co phan dan dong rong 
nam trong vanh phan xa, chp khong phdi la kenh so 2 nhp da cho trong cac ban ve 
thiet ke cua Id Triga (cac hinh 3-7).

Hinh 19 trinh bay phan bo ttfdng doi mat dp thong li/png ndtron nhiet dpc theo 
true cot nhiet. Mat do thong lupng notron nhiet giam 2 bac tP trong ra ngoai.

Trong thdi gian khdi dpng vat ly cung da xac dinh mat dp thong lUpng tuypt 
doi cua ndtron nhiet va ndtron nhanh tai mpt so vi trf. Cac ket qua nay se difpc trinh 
bay trong phan 3 ve khdi dong nang Idpng Id phan urng.

X - NHAN XET - KET LUAN

10.1. Tom tat ve khdi dong vat Iv

Muc tieu cua khdi dpng vat ly la nap nhien lieu va xac dinh cau hinh lam vipc, 
khao sat cac dac trung vat ly cua cau hinh do.

Cong viec nap nhien lipu bat dau luc 14h30 ngay 30/10/83. Trang thai tdi han 
vdi cau hinh vung boat khong co bay ndtron dat luc 19h50 ngay 1/11/83. Cau hinh 
gdm 69 BNL vdi khdi Idpng U-235 tong cong la 2781.2 g.

Trang thai tdi han vdi cau hinh vung boat cd bay ndtron dat luc 17h48 ngay 
18/12/83. Cau hinh gdm 72 BNL, khdi li/png U-235 tong cpng la 2987.4 g.

Ngay 21/12/83 bat dau nap them nhien lipu de xac dinh cau hinh lam viec va 
khao sat cac dac trung vat ly. Cau hinh dau tien cd dp phan ufng dp trP nhd gdm 74 
BNL, 2977.9 g U-235 . Cau hinh thp 2 gdm 86 BNL vdi 3461.8 g U-235. Cau hinh 
lam viec chinh thPc gdm 88 BNL dupe thiet lap ngay 14/1/84 vdi khdi Ippng U-235 
tong cong la 3537 g.

Cac ket qua do dac vat ly dupe KST Ngo Quang Huy xP ly song song vdi 
chuyen gia N.V. Arhanghenski phu trach nhdm khdi dong Id Lien Xd 121. Cac ket qua 
vat ly dupe tom tat trong Bang 18, trong do viet trong ngoac la cac ket qua xd ly phfa
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Hinh 20 . D^c trcrng tich phan cua cac thanh KC va AR 
trong cau hinh 86 BNL ( Arhanghenski ).
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. 1.1 i

Hinh 21 . D|c tru-ng tich phan cua cac thank KC va AR 
trong cau hlnh 88 BNL ( Arhanghenski ).
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Lien Xo /2/, sai khac nhau 10% trong dai da so trifdng hpp. Hinh 20 va 21 trinh bay 
cac dac trUng tich phan cua cac thanh dieu khien theo tai lieu 121. Sau ddy la mot so 
nhan xet ve dac trifng cac thanh dieu khien trong 3 cau Hinh 74, 86 va 88 BNL.

10.2 - Ve do hieu dung

1) Dp hieu dung cac thanh tang theo so lupng cac bo nhien lipu dupe nap 
Dieu nay rat rd doi vdi 4 thanh KC, ft ro hdn doi vdi 2 thanh AZ, co the do each do va 
xCr ly xa'p xl dupe dung. Dp hipu dung AZ1 va AZ2 gan nhu khong thay doi trong 2 
cau hinh 74 va 88 BNL. Dp hieu dung AZ nhd hdn dp hieu dung KC trong cau hinh 
88 BNL nhifng Idn hdn trong cau hinh 74 BNL . Dp hieu dung cac BNL thl gan nhif 
khong doi vdi 3 cau hinh.

2) Dp hieu dung cac thanh dieu khien khong deu nhau tuy rang ca 6 thanh KC 
va AZ deu co cung cau true, va khong tuan theo quy luat doi xufng cua vung hopt 
(phan nda vung boat phia AZ1 co dp hipu dung cao hdn). Co the do each tien hanh 
phep do khong thich hop. Can tim hieu kh&o sat nguyen nhan hipn tupng nay.

BANG 18 - Tom tat cac thong so vat ly khdi dong Id

Thong so 74 BNL 13 Be 86 BNL 13
Be

88 BNL 18
Be

- Khdi lUdno tai 74- 2977,9 g 86- 3461.8 g 88- 3537 g
So va khdi lUpng U 235 13-28211 g 13- 28211 g 18- 33113 g

So va khdi thanh Be
- Do hieu duna cac thanh dieu khien

AZ 1 - 2.90 (2.55) - 2.98 (2.60)
AZ 2 2.99 (2.40) - 2.70 (2.39)
KC 1 2.08 (2.14) 2.80 (2.68) 3.50 (3.28)
KC 2 2.48 (2.40) 3.48 (3.40) 3.45 (3.45)
KC 3 2.36 (2.18) 3.10 (3.04) 3.01 (3.00)
KC 4 1.96 (1.99) 2.56 (2.48) 3.15 (2.74)
AR 0.86 (0.86) 1.04 (1.04) 0.49 (0.49)
Tong 4 KC 8.88 10.4 (1.04) 11.67 (11.0)
he so giao thoa 4 KC 1 0.87 0.89
do phan ufng dp tru" 2.09 (2.09) 7.50 (8.14) 9.85 (9.17)
do sau dUdi tdi han 7.65 (7.48) 3.94 (3.50) 2.31 (2.33)

- Do hieu dung BNL
6 1-2 so vdi AL 0.60
6 1-3 so vdi AL 0.62 (0.54)
6 1-4 so vdi AL 0.44

6 1-2 va 1-3 -nt- 1.22 (1.03)
6 1-2 va 1-3 va 1-4 -nt- 1.66 (1.42)
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BANG 18- (tiep)

Thong so 74 BNL 13 Be 86 BNL 13
Be

88 BNL 18
Be

6 6-3 0.10 (0.19) 0.16 (0.18)
6 7-1 0.40 (0.60) 0.52 (0.53)
6 7-3 0.16 (0.16) 0.16 (0.18)
6 7-4 0.38 (0.55) 0.48 (0.52)
6 11-1 0.58 (0.58)
6 11 - 1 so vdi AL 0.52 (0.47)
6 11 - 1 so vdi Be 0.28 (0.16)
- Do hipu dung cac thanh Be va yeu to khac

Be 6 1-2 so vdi AL 0.27
Be 6 1-3 - nt - 0.26
Bed 1-4 - nt - 0.27
Be 6 1-4 0.26 (0.30)
Be 6 1-2 va 1-3 0.53 (0.42)
Be 6 1-2 va 1-3 va 1-4 • 0.80 (0.61)
Be 6 9-1 0.34 (0.30)
Be 6 9-1 va 10-1 0.62 (0.62)
Be 6 9-1 va 10-1 va 11-1 0.88 (0.93)
Be 6 13-2 0.20 (0.25)
Khoi Be bay ndtron 2.64 (2.44)
Kenh thf nghiem 6 7-3 -0.12 (-0.12)
Kenhthf nghiembay 0.08 (0.08)
ndtron 0.04 (0.04)
Th.AL 85mm bay notron 0.01 (0.01)
Th.AL85mm mam quay -0.32 (-0.34)
Th.AL 530mm 6 6-3 -0.32 (-0.37)
Th.AL 530mm 6 7-3 -0.58 (-0.46)
Th.thep khong gi 7-1

3) He so giao thca giam khi do hipu dung cac thanh tang. Oieu nay the hien 
d tinh chat bat doi xOfng cua cac dudng dpc trUng tfch phan khi cac thanh nhung mpt 
phan trong vung boat. Dieu nay cung con the hipn khi thanh AR bang Cacbua Bor 
lam cho do hipu dung cua cac thanh Ian can KC1 va KC4 nho hdn dp hipu dung cua 
KC2 va KC3. Do vai tro quan trpng cua hp so giao thoa trong vipc xac dinh dp sau 
dudi tdi han, Can khao sat chfnh xac hp so giao thoa trong cau hinh lam viec cua cac 
thanh dieu khien.

10.3 - V'e dang cac dac trUng tich phan

Trong ca 3 cau hinh, dac trUng tfch phan cua cac thanh KC2 va KC3 dupe xac 
dinh bang each bu trd so sanh vdi thanh AR, con cac thanh KC1 va KC4 dupe xac 
dinh qua KC2 va KC3.
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Hinh 24. D$c trurng tfch phan cua thanh KC4 vo*i
d§ hi$u dung chuan ve don vi
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- Bac trung tfch phan thanh KC2 khong dupe xac dinh cho toan thanh trong ca 
3 cau hinh.

- Boi vdi KC3 dac trUng toan thanh chi dupe xac dinh trong cac cau hinh 86 
BNL (trong cau hinh 88 BNL phai dat them thanh Caebua Bor trong bay ndtron). 
Hinh 22 trinh bay cac dac trUng tfch phan nay (da dupe chuan v'e ddn vi) : ca 2 
duPng dac trUng nay d'eu khong doi xufng qua vj trf trung tarn 300 mm. Nguyen nhan 
co the do cac thanh KC1 va KC4 nhung lung chpng vung boat (tfnh bat doi xPng rd 
net hdn vdi KC1=KC4=352 mm trong cau hinh 88 BNL).

- Bac trung tfch phan toan thanh KC1 trong cau hinh 86 BNL dupe xac dinh 2 
Ian khac nhau, dung KC2 hoac KC3. Cac dieu kien cau hinh cac thanh dieu khien 
trong 2 trudng hpp tUdng tU nhu nhau. Cac dudng dac trung tfch phan chuan, Hinh 
23 , neu rd anh hudng cua cac thanh KC2, KC3.

- Bac trUng tfch phan KC4 dupe xac dinh trong ca 3 cau hinh va d'eu dung 
KC2, nam doi xufng qua tarn, each xa KC4. Anh hudng cua vi trf cac thanh con Ipi doi 
vdi cac dudng dac trUng chuan nay dupe minh hpa tren Hinh 24

Qua phan tfch neu tren ta thay rd hieu Png giao thoa giQa cac thanh. Hieu 
Png giao thoa (thpc nghiem cho thay la giao thoa am nghTa la do hieu dung dong thdi 
nhd hdn tong do hieu dung tpng thanh), khong phat hien dupe trong cau hinh 74 
BNL (co do phan ufng dp trP' nhd) tang len khi tang lUpng nhien li#u nap vao, nghTa 
la tang do hieu dpng cua moi thanh. Hieu ufng giao thoa nay khong the loai trP trong 
cau hinh lam viec ma cac thanh dieu khien nhung d'eu nhau.

XI. PHV LUC

Nhien lieu Uran dupe bao vp trong vd bpc bang nhdm day 0,9 mm. Bung v'e 
mat an toan hat nhan, lam hu hai den Idp vd bpc nhien lieu la mot sp co nghiem 
trpng.

111 ■ H/en tuefna quart sat

Ngay 2/11/83, sau khi dpt tdi hpn vdi cau hinh vung hopt khong co bay ndtron, 
da dua Id v'e trpng thai sau dudi tdi hpn va dUa cac BNL so 056, 058, 059. 060 va 
061 tP 6 6 trung tarn vao cac coc chpa tpm 1-1 va 1-2 d trong be Id. Ngay 5/11/83 lay 
cac BNL nay ra xem thi thay chung bi xam. Nhung sau do xem cac BNL con Ipi trong 
vung boat thi thay khong bi xam. Tuy nhien cOng da quyet dinh rut tat ca cac bo BNL 
tP vung boat ra, dat lai vao kho nhien lipu, ( Phong 125) va dat cac thanh nhdm chen 
vao vung boat. NhPng ngay tiep theo hoan chinh cac he cong nghe Id, xac dinh chat 
lUpng nude va Ipc nude be Id de loai trP hien tupng tren.
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Ngay 14/12/83, chUa tim dupe nguyen nhan hien tupng xam nhien lieu, va vi 
vay chUa co bi$n phap xif ly. Tuy nhidn de tiep tuc chi/dng trinh khdi dpng Id, van bat 
dau nap nhien fi#u trd lai va dat yeu cau theo doi thudng xuyen hien tupng nay. Ngay 
17/12/83 nap nhien lieu vao vung boat vdi cau hinh co bay ndtron va dat trang thai 
tdi han luc 17h48 ngay horn sau.

Ngay 18/12/83 luc 10h30 khi rut thanh nhom chen 6 11-8 da rut nham BNL 
086 d 6 11-7 va rat ngac nhien nhan thay BNL bi xam nham nhd tuy mdi dupe dat 
vao vung boat co 19 gid. Sau do luc 13h30 rut BNL d 6 6-3 ra xem, cung thay bi 
xam, thanh nay nam trong vung boat di/pc 21 gid.

Cac ngay 19 va 20/12/83 dOng edng viec khdi dpng de xac dinh nguyen nhan 
xam vo thanh nhien lieu. Rut them mpt so BNL ra xem, thay bi xam ca. Dac biet BNL 
186 d 6 6-3 hien tupng xam khac han ngay 18/12 : xem luc 14h30 ngay 19/12 cac 
mat bi xam deu chp khong xam nham nhd nufa. Nhan xet chung la qua trinh xam xay 
ra kha nhanh, luc dau xam nham nhd den bong va nhd dupe hd tren ngon den dau 
hoa, Sau do xam md, khong bong va xam deu. Nhtfng ngay tiep theo tim kiem 
nguyen nhan cua hi#n tupng d cac bpt khf hoac nguyen nhan di#n phan trong nude 
Id.

11.2. Tim hieu nauven nhan

a) Dp doan dau tien cua hien tupng xam cac BNL trong cac coc chda tam 1-1 
va 1-2 la an mon CIo. Do do da phan tich nude trong 2 coc nay va thay ham lupng 
Clo dat tdi 180 micro g/1 trong khi CIo trong vung boat khong dupe vupt qua 50 micro 
g /1. Nhu vay, cho rang da tim dung nguyen nhan va de khac phgc can phai cho boat 
dong he thong Iqc nude vong 1.

He thong nude vong 1 da lam viec td ngay 3/11/83 va sau do van tiep tuc cho 
chay, dong thdi cho he thong loc nude Id boat dong. Tuy nhien sau do hien tupng 
xam van con, xuat hi#n ca trong vung boat. Cac thanh nhom chen bi xam dam d dudi 
va md dan len tren. Dat thP mot thanh nhom chen vao 6 trung tam, 2 ngay sau lay 
len thay bi xam loang lo.

Lay nude tp vung boat len phan tfch thi thay ham lupng CIo dudi mPc 50 micro 
g / I . Nhu vay hien tupng xam co the khong lien quan den sp tang CIo. Be khang 
dinh dieu nay da lay nude trong Id va them CIo vao den nong do 5 mg /1 (100 Ian Idn 
hdn mPc cho phep) va dat vao do mieng nhom cung thanh phan vat lieu vdi thanh 
nhom : ket qua khong thay bi xam.

Nhu vay, hien tupng xam vo BNL hay vo thanh nhom chen khong phai do an 
mon CIo ma do nguyen nhan khac.

b) Nhan xet rang ngay 3/11 khi cho nude vong 1 lam viec thay co rat nhi'eu 
chat ban, co the day la nguyen nhan. Ngay 12/11/83 rpa thung Id va thay nude mdi:
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trade het hut phan nude sach d tren, cho den gan vung heat, do vao be chufa nhien 
lieu da chay; sau do dung bdm xjt khuay nude trong Id va rCfa sach cac bp phan 
trong thung Id, nude ban cho qua bp Ipe co va Ipe trao doi ion cu cua Id Triga; sau khi 
rifa sach nhu vay lai hut nude tui be chufa nhien lipu vao thung Id.

Tuy nhien sau khi rda sach thung Id, hipn tdpng xam be mat cac thanh chen 
trong vung boat van tiep tpc. Luc nay ca cac bp phan khac bang nhom, nhu day 
gieng treo, mam quay .v.v... cung bi xam den. Nguyen nhan van chUa tim dupe.

c) Ngay 19/12/83 nhan thay rang trong vung boat co bpt khi noi len kha nhi'eu, 
15-20 bpt trong 1 phut. Td do co the neu len 2 gia thiet ve nguyen nhan xam be mat 
cac BNL do oxy hoa :

- Bpt khi td ngoai vao vung boat qua hp thong nude vong 1;
- Bpt khi xuat hipn do hipn tupng dien phan.

Ngudn goc thd 2 dupe khao sat ngay, tim xem ngudn dien nao co the gay 
nen hien tupng dien phan ege bp. Ngudn nay khong can cao the nhUng cong suat 
phai du Idn, co the la do sd chenh lech the gida dat vat ly va diem trung hoa. Do dac 
cho thay la 2 he dat nay dupe noi vdi nhau trong be Id.

Dong thdi da tien hanh do hieu dipn the dung 2 cay sao bang nhom noi vdi 
ampe-ke va phat hien dupe dong cd 100 micro A khi 2 cay sao de each nhau va 
nhung vao nude Id. Lam thi nghipm dipn phan trong binh thuy tinh vdi 2 di#n ede 
bang nhom cd cung vat lieu vdi vo BNL sau 2 gid cung thay cd hien tupng xam den 
va cd bpt khi. Tuy nhien trong thf nghipm nay thay trong nude cd rat nhi'eu nhom 
trong khi do nong do nhom trong nude Id van d mufc 15 micro g /1..

Nhu vay hien tupng xam be mat BNL it cd kha nang do dien phan gay ra. Con 
lai nguyen nhan oxy hoa do bpt khong khf tCf hp nude vong 1 dUa vao.

TrUdng hpp nay cd the xay ra trong nhOrng ngay dau khi cho he nude vong 1 
chay, vdi lUu lupng nude rat Idn va may do lUu lupng nude lai chUa boat dpng dupe : 
luc do chi quan sat thay khong khi td ngoai dupe hut vao cac ong cua he do vi sai . 
Ngay 21/12/ dat 3 BNL so 087, 180 va 187 vao cac o 12-2, 12-3 va 12-4 de tiep tpc 
quan sat. Ngay 22/12 rut ra xem khong thay bi xam va trong vung boat cung khong 
thay bpt khi noi len. Ngay 25/12 xem lai, thay cac BNL 180 va 187 sang binh thudng, 
con BNL 078 chi bi xam md d 2 mat. Trong cac ngay nay thinh thoang cho hp nude 
vong 1 va vong 2 boat dong. Den ngay 28/12 xem lai cac BNL thay thanh 078 bi xam 
nhp ca 2 mat con 2 thanh kia hdi bi xam md d mpt vai mat.

Nhu vay hipn tupng xam van con xay ra tuy toe dp con cham hdn cd le vi 
trong nude Id it bpt khi.

78



Ngay 29/12/83 nap them 12 BNL nufa va khdng cho nude vong 1 boat dpng de 
han che khd nang khong khf lot vao be Id. Ngay 31/12 rut 10 trong so 12 thanh chi 
de lai 2 thanh so 150 va 152 tai cac 6 7-4 va 7-8. Den ngay 4/1/84 xem 2 thanh 150 
va 152 (dat ngay 29/12) thay hdi bj xam nhe, xem 3 thanh 078, 180 va 187 (dat ngay 
21/12 va da thay chung bj xam nhe) thay moi thanh d'eu co vai mat bj den bong.

Nhu vay hien t up ng xam nhien lieu van tiep tuc mac du khong cho nude vdng 
1 boat dong

d) Ngay 21/12/83 da gOi sang Moskova 2 thanh nhom chen bj xam va 1 chai 
nude lay tu" be Id. Ngay 12/1/84 nhan dUdc ket qud phan tich nude : pH = 6.2, do dan 
= 0.5 micro Sm/cm nong do (ddn vi micro g/L) cua Cl = 0, Al= 30, Fe = 50. Cac ket 
qua nay phu hpp vdi cac ket qud phan tich tai Da I at va cho thay rang chat lUpng 
nude trong be Id dat cac yeu c'au ddi vdi vi#c sCf dung loai nhien lieu cua Lien Xo. 
(Hdn nda, phia Lien Xo se thong bao la d Moskava) da thanh lap hoi dong 10 chuyen 
vien de xem xet cac thanh nhom bi xam va ket luan la vdi hien tupng xam nay van co 
the tiep tuc dUa Id vao boat dong.

Ngay 12 va 13/1/84 rda sach cac bp loc co va mpt bp loc trao doi ion cua hp 
nude vdng 1. Ngay 14/1/84 bat dau nap nhien lieu vao vung boat de tao cau hinh lam 
viec.

XII. TAI LIEU THAM KHAO

/1 / Pham Duy Hien, Ngd Quang Huy, Vu Hai Long, Tran Khanh Mai. Bao cao 
khdi dong Lo Phan Ung Hat nhan Da Lat, Phan 1 " Khdi dong vat ly vdi cau hinh 
vung boat khong co bay ndtron",

121 Arhanghenski N.V, Bien ban khdi dong Lo Phan Ung Hat nhan Da Lat 
(tieng Nga), 1984.
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VN9700004

BAOCAO
KHdl DONG LO PHAN L/NG HAT NHAN BA LAT

PHAN 3

KHdl BQNG NANG Ll/pNG
(6/2/1984 -15/2/1984)

Pham Duy Hien, Ngo Quang Huy, VO Hdi Long, Tran Khanh Mai

Sau khi hoan thanh khdi dpng vat ly Id phan ufng vdi cau hinh vung boat 88 
Bo Nhien lieu (BNL), ngay 6/2/1984 bat d'au khdi dong nang li/Q'ng. Cong suat Id 
dat 10KW (6/2/1984), 100KW (7/2/1984), 200KW va 300KW (8/2/84), 400KW va 
500KW (9/2/84). TO 19h06 ngay 11/2/84 den 19h06 ngay 14/2/84 oho Id boat dong 
lien tuc 72 gid d cong suat danh dinh 500KW.

Bao cao trinh bay cac ket qud do dac trong qua trinh khdi dong nang lU0ng 
xac dinh cac dac trUng sau day:

- Chuan cdng suat Id,
- Cac thong so cdng ngh# va an toan bOc xa,
- Mat do thong li/dng ndtron,
- He so nhiet do cua do phan Ong,
- Do nhiem doc Xenon.

). CHUAN CONG SUAT L6

Cdng suat nhiet cua Id do bang cdng suat tdi nhiet cua he thong vong 1 va 
vong 2. Tuy nhien cdng suat nhi#t chi do di/dc chinh xac tO 100KW trd len. Vide 
chuan cac mure cdng suat thap di/a vao phep do thong li/dng ndtron tuydt ddi.

Vide chi thj cdng suat Id the hi#n tren ban dieu khien, do h| AKNP tien 
hanh. He AKNP gdm 9 budng ion hda ghi dong ndtron va he xO ly tin hieu tO 9 
buong ion hda do de cho biet mufc cdng suat Id.

Cdng suat dddc chia lam 3 ddi, moi ddi dung 3 budng ion hda nhu nhd dddc 
trinh bay tren bang 1.1. Trong bang nay N la cdng suat danh dinh 500KW. Van de 
can giai quyet trong qua trinh chuan cdng suat Id Id lam sao de cdng suat thde cua 
Id trung vdi cac gia tri cdng suat chi thj trong cac ddi do neu tren. Muon vay, d cac 
mdc cdng suat Dl va PD ta dung phep do mat dp thong lupng ndtron nhiet tai mot 
vdi vi tri trong vung boat rdi tinh ty I# ti/dng doi vdi mat do thong Iddng ndtron nhiet 
theo tinh toan thiet ke tai cac vi trf do. Sau khi so sanh xong ta dat mufc cdng suat 
chi thi phu hop vdi mufc cong suat that. Qua trinh nay tien hanh den mufc cdng
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suat vai chuc KW. Sau do vdi cac mUc cong suat cao hdn dung phep do cong suat 
nhiet de chuan dinh cac mufc cong suat chi thi.

Bang 1.1. Cac dai do cong suat Id.

Dai cong suat Ky hipu buong ion hda The loai

Dai nguon 1 E-8 - 1 E-2 % N DM, DI2, DI3 KNK-15

Dai trung gian 1 E-3 - 10 % N PD1, PD2, PD3 KNK-15

Dai nang lupng 1-120 % N ED1, ED2, ED3 KNK-3

1.1- Chuan bang thong lupng ncf tron nhi#t

De thuan tien trong viec chuan cong suat ta dung he do bo sung gdm buong 
ion hda KNK-56 dat trong kenh ngang so 4 va thiet bi do dong cua buong nay la 
may tu ghi KSPV-4. May nay co 11 dai do, moi dai co 100 do chia vdi mufc dong 
ci/c dai d moi dai nhu sau:

Dai do 1 2 3 4 5 6 7 8 9 10
—

11
Dong do cUc dai, nA 0,2 0,3 0,

6
1 2 5 10 20 50 100 1000

Ta dung he do nay cho so li#u trung gian de dieu chlnh mufc cong suat chi 
thi theo mufc cong suat dupe xac dinh bang thong Itfdng ndtron nhi#t. Mat dp 
thong lupng ndtron nhiet dupe xac dinh bang phddng phap kich hopt la do Au 
khong bpc Cd va bpc Cd. Phan ufng kich hopt la Au-197 (n,y) Au-198, vdi tiet dien 
kich boat 98,7 ± 0,2 barn. Nguyen to Au-198 cd thdi gian ban ra 2,696 ± 0,002 
ngay, nang li/png bufc xa gamma di/pc do la 412keV vdi hp so phan nhanh 
95,48%. Sau day la cac Ian chuan cong suat vdi cau hinh 88 BNL.

- Ngay 17/1/1984 - Dda Id Idn trpng thai tdi hpn vdi vi trf cac thanh dieu 
khien la 4KC = 447 mm, AR = 300 mm. Chieu la do Au tpi tarn bay ndtron. Mat do 
thong lupng ndtron nhiet do dupe la 2,3E8 n/cm2.s . Theo tfnh toan thiet ke mat do 
thong lupng ndtron nhiet tai bay ndtron d cong suat 500 kW la 1,8E13 n/cm2.s do 
do cong suat tUdng ddi do dupe la P = 2.3E8/1, 8E13 = 1,17E-3 %N, cong suat 
tuyet doi la P = 5,81 W.

May KSPV-4 d thang do 11 dp chia 48 ufng vdi dong do la 
I = 48/100 x 1000 nA = 480 nA.

Chi thi cong suat tren ban dieu khien nhu sau:
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PD1 = 1.0E-1 %N DM = 1.6E-1 %N
PD2 = 7.9E-2 %N DI2 = 1.6E-1 %N
PD3 = 2.5E-1 %N DI3 = 5,0E - 2 %N

Ta thay rang d cac dai PD vi Dl cong suit chi thi cao hdn cong suit thpc 
den 2 bac.

- Ngay 19/1/1984 - Rut buong ion hoa KNK-56 d kenh so 4 ra mot doan sao 
cho dong cua KSPV-4 giam di 10 fan. Bi/a Id len tdi ban, vi tri cac thanh dieu khien 
la 4KC = 440mm , AR = 300mm. Mat do thong li/dng ndtron nhiet tai bay ndtron 
do bang kich boat la do la 2E9 n/cm2.s.

Cong suat tUdng Png la P= 2E9/1.8E13 = 1,1E - 2 %N = 55W.
May KSPV-4 d thang do 11 dp chia 56 Png vdi dong do la I = 560 nA.
Chi thi cong suat tren ban dieu khien nhu sau:

PD1 = 1,0 %N Dil = 2.5E-1 %N
PD2 = 1,0 %N DI2 = 1.6E-1 %N
PD3 = 2,5 %N DI3 = 3.2E-1 %N.

Ta cung thay rang cong suat chi thi cua cac dai PD va Dl cao hdn cong 
suat thpc (100 Ian va 10 Ian) .

Cung vdi la do chieu tai bay ndtron con chieu la do tai 6 7-1. Mat do ndtron 
do dupe la 8.95E8 n/cm2.s, tinh toan thiet ke tai vi tri nay Png vdi cong suat 500 
kW cho thong li/png bang 7E12 n/cm2.s, do do cong suat tUong Png la P = 1,28E- 
2 %N = 64 W.

Nhu vay hai ket qua do mat do thong lupng ndtron nhipt tai bay va 6 7-1 cho
cac gia tri cong suat phu hpp nhau va khong phu hpp vdi cong suat chi thi.

- Ngay 21/1/1984 - Rut buong ion hoa KNK-56 d kenh so 4 ra cd 50cm de 
giam dong cua KSPV-4 di 10 Ian. Bat tdi han vdi 4KC=445 mm, AR = 300 mm. 
Mat do thong lupng ndtron do dupe tai bay 4,19E10 n/cm2.s, tai mam quay 3.58E9 
n/cm2.s. Tfnh toan thiet ke tai mam quay cho 3E12 n/cm2.s d 500 kW, do do suy ra 
cong suit

P = 2.33E-1 %N = 1164 W tai bay,
P - 1,19E-1 %N = 597 W tai mim quay.

Nhu vay hai ket qua khong trung nhau: d bay 1,2kW , d mim quay 0,6kW.
Tuy nhien nhin vao vung boat Ian dau tien thay anh sang bufc xa Xerenkov.

Do buong ion hoa KNK-56 d kenh so 4 rut ra de dong cua KSPV-4 giam di 
10 fan, trong luc do cong suit tang gap 10 fan so vdi ngay 19/1/1984 nen dp doan 
KSPV-4 se chi gia tri gan nhu ngay 19/1/1984. Thpc te la d thang do 11 do chia 80 
dong do la 800nA

Be cong suit chi thi phu hpp vdi cong suit thpc, da phai tien hanh dieu 
chlnh vi tri 3 buong ion hoa dai PD cua hp AKNP sao cho cong suit chi thi cung 
vao cd 0,1 %N. Sau khi dieu chlnh, chi thi cong suit tren ban dieu khien la 

PD1 = 1,3 E-1 %N ; ED1 = 0,5 %N
PD2 = 2 E-1 %N ; ED2 = 0,1 %N
PD3 = 1,3 E-1 %N ; ED3 = 0,4 %N
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NhU vay chi thi theo dai PD phu hop hdn mufc cdng suat cdng suat Id.

- Ngay 23/1/1984 - Kiem tra he thong dieu khien to dpng AR, xem cdng suat 
Id co ti le vdi cdng suat thiet lap theo AR hay khong. Cdng suat Id dupe dieu khien 
to dong theo cdng suat thiet lap theo AR nhd tin hi#u lay d bu'ong ion hoa dai PD.

Di/a Id len tdi han vdi vi tri cac thanh dieu khien 4KC = 454 mm va AR - 
300 mm.

Cdng suat thiet lap theo AR = 0,5 %N. Vdi gia tri KSPV-4 tai thang do 4 do 
chia 58 dong do la 0,58 nA. Tang cdng suat theo AR len 1% thi cdng suat tang va 
so do KSPV-4 tai thang 5 do chia 62 cho dong do bang 1,24 nA. Ta thay rang ti le 
cac dong do la 1,24/0,58 = 2,14. Tang cdng suat theo AR len 5% thi cdng suat tiep 
tgc tang va so do KSPV-4 tai thang 7 do chia 62 cho dong do 6,2nA.Ta thay rang ti 
le dong do la 6,2/1,24 = 5 . Nhd vay dong KSPV-4 tang ti I# vdi cdng suat thiet lap 
theo AR. Dieu do chufng to he thong dieu khien tv dpng lam vi#c tot.

- Ngay 24/1/1984 - Tiep tgc kiem tra he dieu khien tg dong AR nhd tin hieu 
lay tCr bu'ong ion hda dai PD.

Cdng suat thiet lap theo AR = 1%.
Dong KSPV-4 : Thang 6 do chia 35 = 1,75 nA.
Cdng suat thiet lap theo AR = 44,4%
Dong KSPV-4 : Thang 10 do chia 96 = 96 nA.
Ti le dong = 54,8.
Ti le nay khong trung vdi ti le cua cdng suat thiet lap theo AR. Co the do hai 

gia tri cdng suat dat qua xa nhau.

1.2- Chuan bang cdng suat nhi#t

- Ngay 6/2/1984 - Bat dau khdi dpng nang lUpng. Rut bu'ong ion hda KNK-56 
ra khdi kenh so 4. DUa Id len tdi han vdi vi tri cac thanh dieu khien la 4 KC = 458 
mm, AR = 300 mm.

Dura cdng suat len cd 10 kW bang each chpn cdng suat chi thi cua dai PD 
bang 2%. Khi do chi thi cdng suat la

PD1 = 2 %N ED1 = 3 %N
PD2 = 2 %N ED2 = 3,6 %N
PD3 = 2 %N ED3 = 2,8 %N

- Ngay 7/2/1984 - Trong ngay 21/1/1984 cdng suat chi thi theo dai PD phu 
hop vdi cdng suat thi/c cua Id, con cdng suat chi thi cua dai ED khong phu hdp. 
Ngay 23/1/1984 kiem tra he thong dieu khien ti/ dong AR nhd tin hieu tCr buong ion 
hda dai PD thay rang gia tri cdng suat thiet lap theo AR tang ti le vdi cdng suat 
thi/c cua Id do bang may KSPV-4, song mufc cdng suat thiet lap nay chi/a phu hop 
vdi cdng suat chi thi cua dai PD. Dieu nay xay ra do cdng suat thiet lap theo AR 
theo dai PD Idn hdn cdng suat thi/c cd 10 Ian. Vi vay can chuan cdng suat thiet lap
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theo AR trong dai ED cho phu hpp vdi c6ng suat chi thj, tufc la phu hpp vdi cdng 
suat thpc cua Id.

BUa Id len tdi hen dat mufc cdng suat 0,05% theo ddi PD. Bat cong suat 
thiet lap theo AR = 1% theo dai PD thi cong suat Id tang va di/dc giuf d mufc 0,1 % 
theo dai PD. Chuyen cdng suat thiet lap theo AR len 5% thl cdng suat Id tang va 
dupe giuf d mufc 0,5% theo dai PD. Nhi/ vay hi#n tai cdng suat Id la 0,5%. Chuyen 
tin hieu di'eu khien cdng suat tuf dai PD sang ddi ED, tufc la dung tin hieu tp buong 
ion hoa dai ED de so sanh vdi cdng suat thiet lap theo AR. Di'eu chlnh hp so 
khuyech dai cua cac sd do khuyech dai cua cac buong ion hoa dai ED sao cho 
cdng suat chi thi dai ED bang 0,5%, khi do nhan dupe cdng suat trung binh cua dai 
ED la 0,32%. Khi chuyen cdng suat thiet lap ve ddi ED cung dat tai gia tri cdng 
suat theo AR bang 0,5%.

Sau khi chuan cac cdng suat chi thi ED va PD trung vdi cdng suat thiet lap 
theo AR, bat dau tang cdng suat thiet lap theo AR va nhan dupe cac mufc cdng 
suat Id nhu sau (Bang 1.2)

Bang 1.2. Cac mUc cdng suat Id

C 0 N G SUAT
AR (%) TB (%) ED1 (%) ED2 (%) EDS (%) NHIET (KW)

1 0,63 1,1 1,1 1,0 5
5 4,5 4,9 6,0 4,6 25

10 9,7 9,8 11,8 9,1 50
20 19,9 19,4 23,7 18,3 100

Nhu vay cdng suat Id dat 100 KW theo chi thi cua dai ED va cdng suat nay 
dupe gitf nhd he thong di'eu khien tp dong AR. Vi tri cac thanh di'eu khien khi Id d 
mufc cdng suat 100KW la KC1 = 457 mm, KC2 = 426 mm , KC3 = 457 mm , KC4 
- 468 mm , AR = 305 mm.

Tinh cdng suat nhiet cua Id khi Id lam vipc d mufc cdng suat 100KW. Hinh 1 
trinh bay cac diem do nhiet dp trong be Id va he thong nude tai nhiet. Cdng suat 
nhiet dupe tinh nhu sau. Boi vdi vong 1 dung nhiet dp nude loi vao Tv va nhiet dp 
nude loi ra Tr cua binh trao doi nhiet de tinh cdng suat nhiet cua vong 1 theo cdng 
thufc

P1 = 1,16 x G1 x (Tv-Tr) (KW) (1-1)
trong do G1 la lUu lupng nude vong 1, m3/h. Doi vdi vong 2 ta cung co cdng thufc 
tinh cdng suat nhiet la

P2 = 1,16 x G2 x (Ur-Uv) (KW) (1-2)
trong do G2 la lUu lupng nude vong 2, m3/h con Uv va Ur la nhiet dp nude loi vao 
va loi ra cua binh trao doi nhiet d vong 2. Sau day la cac so lieu do dupe va tinh 
toan theo cac cdng thUc (1-1) va (1-2). Trong thpc te khdng do Tv va Tr ma do trpe 
tiep DT = Tv - Tr (Bang 1.3).
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: i n a 1 do tai nhiet va cac diem do nhiet do.
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Bang 1.3. Cong suat nhipt cua Id.

Thdi diem DT
°C

G1
m3/h

P1
kW

Uv
°C

Ur
°C

G2
m3/h

P2
kW

14h20 0,92 49 52,3 14,3 14,6 91 31,7

14h45 1,4 49,5 80,4 14,0 14,5 91 52,8

15h30 1,50 49,5 86,1 13,5 14,2 91 73,9

16h15 1,56 49,5 89,6 13,2 14,0 91 84,4

17h00 1,58 49,5 90,7 13,0 13,7 91 73,9

Theo bang 1.3, cong suat nhipt cua ni/dc vong 1 va vong 2 tang dan theo 
thdi gian va dat P1 = 90,7 kW , P2 = 84.4KW. Do sai so do nhi#t dp vao cd 0,5°C
nen cac gia tri cong suat tinh tren co sai so Idn cd 30% doi vdi P1 va 50% doi vdi
P2. Mat khac do che do nhiet trong Id chUa on dinh nen cd the cong suat nhiet 
chUa dat gia tri can bang.

- Ngay 8/2/1984 - DUa Id len den cong suat 300 KW. DUa Id len tdi ban va 
dUa len cong suat 200KW ( P AR - 40 % , ED1 = 37,8 % , ED2 = 46 % , 
ED3 = 36 %, P TB = 39,5 % ). Vi tri cac thanh dieu khien la 4KC = 445 mm , 
AR - 325 mm.

Sau 30 phut cac thong so nhiet la

G1 = 49,3 m3/h , Tv - Tr = 1,88°C , P1 = 107,5 KW
G2 = 94,2 m3/h , Ur - Uv = 0,8°C , P2 = 87,4 KW

DUa cong suat len 300 KW (P AR = 60 % , ED1 = 58 % , ED2 = 70,5 % , 
EDS = 55,1 %) Vi tri cac thanh dieu khienla 4KC = 448 mm , AR =175 mm.

Cong suat nhiet cua cac vong tuan hoan tang theo thdi gian nhU tren bang
1.4.

TO bang 1.4 thay rang cong suat nhiet vong 1 dat gia tri 300KW con cong 
suat nhiet vong 2 thap hdn dat 253KW.
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Bang 1.4. Cong suat nhiet tang theo thdi gian.

Thdi diem DT
°C

G1
m3/h

P1
kW

Ur-Uv
°C

G2
m3/h

P2
kW

11 h20 2,7 48,3 151 1,0 94,5 110
11 h50 3,63 49,5 210 1,4 94,8 154
12h20 4,18 49,4 240 1,6 94,8 176
12h50 4,32 49,5 248 1,5 94,8 165
13h20 4,46 49,4 256 1,7 95,0 187
13h50 4,70 49,5 270 1,8 95,0 198
14h20 4,82 49,2 275 1,8 95,0 198

14h46 L o bi dap, sa u do len lai cong suat GJ00KW luc 15h
15h15 3,83 49,4 1,8 1,8 95,0 198
1 6h00 4,56 50,6 2,0 2,0 95,0 220
16h30 4,78 50,6 2,2 2,2 95,0 242
17h00 4,98 50,6 2,1 2,1 95,0 231
17h30 5,08 50,6 2,3 2,3 95,0 253

- Ngay 9/2/1984 - Bda Id len cong suat 500KW. Kiem tra he thong dap Id 
theo tin hieu AZ.

Bda Id len tdi han va d^it cong suat 20KW (P AR = 4 %). Dap lo bang each 
bam nut AZ, cac thanh AZ , KC va AR rdi xuong tan cung.

Bira Id len cong suat 300kW (P AR = 60%). Bat mdc sd cd theo cong suat 
la 70% . Dap Id theo tin hieu gictm Idu Idpng ni/dc vong 1. Tat ca cac thanh dieu 
khien deu rdi xuong tan cung.

Bira Id len cong suat 400KW ( P AR = 80 % ). Bi/a tiep len 500kW ( P AR = 
99,9%). Bat mdc sd co theo cong suat la 110% . Dap Id theo tin hieu vddt mdc 
cong suat. Tat ca cac thanh dieu khien deu rdi xuong tan cung.

- Ngay 10/2/1984 - Dda cong suat len 500KW va xac dinh cong suat nhiet 
cua vong 1 va vong 2. Cong suat 500 KW dat luc 10h10 (Bang 1.5).

- Ngay 11/2/1984 - Luc 19h06 cho Id bat dau boat dpng d cong suat danh 
dinh 500KW va keo dai trong 72 gid lien cho den 19h06 ngay 14/2/1984. Cong 
suat nhiet dddc tinh theo cac gia trj do ddpc cua cac thong sd nhi#t ky thuat vong 
1 va vong 2.
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. Cong suat nhi#t tang theo thdi gian.

Thdi diem

(9
^ G1

m3/h
P1
kW

Ur-Uv
°C

G2
m3/h

P2
kW

10h20 5,16 50 299 2,2 93,5 239
10h50 7,00 49,8 404 3,0 94,0 327
11 h20 7,45 49,4 427 3,1 94,0 338
11 h50 7,78 49,4 446 3,2 94,0 349
12h30 8,00 49,4 458 3,2 94,0 349
13h00 8,20 49,4 470 3,3 94,0 360
13h30 8,20 49,5 471 3,4 93,5 369
14h00 8,25 49,5 474 3,3 93,5 358
14h30 9,22 49,5 529 4,0 93,5 434
15h00 9,70 49,5 557 3,9 93,5 423
15h30 9,56 50,0 554 3,9 93,5 423
16h00 9,33 49,5 536 3,6 93,0 390
16h30 9,20 50,0 534 3,7 93,5 401
17h00 9,15 49,5 525 3,7 93,5 401

Chu y : luc 14h00 bat cac quat 1-1 va 1-2 d thap lam nguoi.

Cong suat nhiet vong 1 tang dan va dat 500KW luc 20h30 ngay 11/2/1984. 
Sau do tang den 550KW luc 2h00 ngay 12/2/1984, luc bay gid Tv-Tr = 9,5°C . Sau 
do'hied nhiet do nay tang len den 10°C (13h36), cong suat dat 580 KW. Luc 
8h40 ngay 12/2/1984 (gid thd 14 ke td thdi diem ban dau) giam cong suat xuong 
con 90%, tdc con 520 KW.

- Ngay 13/2/1984- Luc 6h00 sang tien hanh do nhiet dp vong 1 Tv va Tr 
rieng biet de tinh hieu Tv-Tr va so sanh vdi ket qua do DT true tiep. Tha'y rang Tv- 
Tr = 28,76 - 22,57 = 6,19 °C thap hdn nhieu so vdi gia trj do trpe tiep DT = 9 °C. 
Nhd vay cong suat thde te ufng vdi DT= 6,19 °C la 360 KW, chi dat 72%cong suat 
danh dinh. Do do can phai tang cong suat Id len den cong suat danh dinh. Muon 
vay, luc 13h21 ngay 13/2/1984 dUa lai cong suait thiet lap P AR = 99,9 %. Luc 
14h25 (gid thuf 43 ke td thdi diem ban dau) dieu khien cong suat theo ED1 con cac 
mdc chi thi cong suat cua ED2 va EDS dat lai la 70%. Luc 14h30 dat lai cong suat 
thiet lap P AR = 70% va dieu khien cong suat theo ED2 (luc do ED2 = 70%), 
chuyen ED1 chi thi 70%. Nhu* vay cong suat mdi 70% dng vdi cong suat cu 100%. 
Sau do'tang dan mdc cong suait thiet lap P AR len 80%, 90% rdi 99,9% luc 17h06 
(gid thd 47). Cong suat Id dat mdc 100% danh dinh , so vdi trddc khi dieu chinh 
tang 100/70 = 1,43 Ian. Sau khi dieu chinh, tiep tgc theo ddi cong suat cua he vong
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1 bang each do nhiet do rieng diet Tv va Tr. Ket qua oho thay hieu so Tv-Tr dao 
dong trong khoang 8,7 °C den 9,3 °C, nghTa la cong suat dao dong trong khoang 
505 KW den 540 KW. Cong suat tfnh theo vong 2 dao dong trong khoang 470 KW 
den 522 kW do hieu so nhiet do Ur-Uv dao dong trong khoang 4,5 °C den 5 °C.

Nhu1 vay, sau dot chay Id 72 gid' lien cong suat Id dupe chuan lai de cong 
suat chi thi tren ban dieu khien, cong suat thiet lap theo AR va cong suat nhiet 
trung nhau.

II. CAC THONG SO CONG NGHE VA AN TOAN BLfC XA

2.1. Nhipt dp nUdc trong be Id va cac vong 1, 2

Tren hinh 1 trinh bay sd do tai nhiet va cac diem do nhiet do. Nhiet do Idi 
vao va loi ra binh trao doi nhiet cua cac vong nUdc tu'an hoan dupe do bang cac 
nhiet ke dien trd TCM-5071 con nhiet dp tai cac diem trong be Id tif T1 den T5 do 
nhd cac nhiet ke dien trd TCP-5076. Cac gia tri nhipt dp dope xac dinh trong dpt 
72 gid lam viec lien tuc d cong suat 500 KW. Nhipt do tai cac diem do thay doi 
theo nhiet do moi trudng, thudng cao vao ban ngay. Sau day la cac dai nhiet do do 
dupe

Nhiet do loi vao vung hoat T1 = 27 - 30 °C
Nhiet do loi ra vung hoat T2 = 39 - 41 °C
Nhiet do d phan tren be Id T5 = 34 - 36 °C
Nhiet do d phan giufa be Id T3 = T4 = 26 - 28 °C
Nhiet do nude vong 1 loi vao binh trao doi nhipt Tv = 34 - 37 °C
Nhiet do nude vong 1 loi ra binh trao doi nhiptTr - 25 - 28 °C
Hieu so nhiet do vong 1 = 8,7 - 9,3 °C
Nhiet do nude vong 2 loi vao binh trao doi nhipt Uv = 16,5 - 20 °C
Nhiet do nude vong 2 loi ra binh trao doi nhiet Ur = 21,5- 24,5 °C
Hieu sd nhiet do vong 2 = 4,5 - 5 °C

2.2. Cac thong so cua nUdc vong 1

06 dan dien rieng trude phin Iqc 0,33 - 0,71 micro Siemen/cm.
Do dan dien riengsau phin fpc 0,24 - 0,45 micro Siemen/cm.
Do pH cua nUdc vong 1 trUdc va sau phin Ipc 5,5 - 6,2.
LUu lupng nUdc trong he thong Ipc mUdc vong 1 la 2 - 2,2 m3/h.

2.3. T'inh hinh phong xp

Tinh hinh phong xa gamma va ndtron trong gian nha Id dupe do trong thdi 
gian Id lam viec 72 gid. Sau day la cac mufc lieu gamma, mat do thong lupng ndtron 
nhiet va ndtron tren nhiet tai mot sd vi tri (Bang 2.1).
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Bang 2.1. Cac rrujfc lieu gamma, mat dp thong lupng ndtron nhipt va ndtron 
tren nhiet tai mot so vj tri

Suat lieu Gamma Mat dp thong lupng, n/cm2.s
Vj tri do (micro R/s) Nhiet Tren nhiet

Gan thanh belong bao vp 0,08 - 0,24 0,05 - 1,53 0,05 - 3,50
Tren be chufa nhien lipu 0,1 - 0,32
Tren nap Id 0,03 - 0,3 0,05 - 0,2 0,05 - 1,3
Tai lo 6 tarn nap Id 8
Sat mat ni/dc d tarn nap Id 25 26 6,9
Trong phong 148 0,1 - 1,2
Sat cot trao doi ion 400
Trong phong dieu khien 0,01 - 0,04

Hoat dp phong xa beta tong cua can nude Id do 2 gid sau khi lay mau nude 
Id la (3,5 - 6,5) E-7 Ci/I.

Thanh phan dong vj cua ni/dc Id tai thdi diem lay mau the hipn tren bang
2.2.

Bang 2.2. Thanh phan dong vj cua nude Id tai thdi diem lay mau.

Dong vj
Hoat dp , 

TrUdc phin Ipc
micro Ci/I

Sau phin Ipc

Al - 28 0,1 - 0,6
Mg - 27 4 - 6 -
Cl -38 0,03 - 0,14 -
Mn - 56 0,12 - 0,19 -
Na - 24 0,42 - 0,86 -
Ar - 41 1,6 - 4,4 1,8 - 3

Xe- 135 - ( 5,6 - 13 ) E-3

Hoat do phong xa cua khf phong xa Ar-41 tai dng thai khf la (2,5 - 4,2) E-2 •
Ci/h.

Tong hoat do beta cua khf thai tif dng xa la 1,1E-8 Ci/h hay 3,5 E-15 Ci/I.

Trong thdi ky khdi dong vat ly va khdi dpng nang lupng da kiem tra lieu ca 
nhan cho 44 ngudi trong thdi gian 3,5 thang. Lieu hap thu phan bo theo nhom 
ngUdi nhu tren bang 2.3.
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Bang 2.3. Lieu hap thu phan bo theo nhom ngUdi.

Lieu hap thu, mR 0 - 20 20 - 40 40 - 60 60 - 80 80-100

So ngUdi 6 12 16 7 3

III. MAT DQ THONG Ll/QNG NCITRON

Trong bao cao khdi dong vat ly Id phan 2 da trinh bay phan bo tUdng doi cua 
mat do thong lupng ndtron nhipt theo chieu cao va theo ban kfnh vung boat. Trong 
bang 3-1 trinh bay cao ket qua do mat dp thong li/dng ndtron nhiet va ndtron nhanh 
tai mot so vi tri do vdi cac mufc cdng suat khac nhau cung vdi he so Cad mi Red va 
loai deteetd dung.

Mat do thong luqng ndtron nhiet tai bay ndtron d cdng suat 500 KW la 2,1 
E13 n/cm2.s.

IV. HE SO NHIET DQ CUA DQ PHAN IjfNG

He so nhiet do cua do phan ufng dupe xac dinh ngay 21/1/1984 trong thdi 
gian khdi dong vat ly. Cac ket qud dUdc viet trong bao cao nay de thuan tien cho 
viec trinh bay hi#u chinh cac phep do dp nhiem dpc xenon.

Tri/dc khi tien hanh thf nghipm, nang nhipt do ni/dc trong be Id td 20°C ten 
30°C bang each cho chay bdm vong 1 khoang 20 gid va khong cho chay bdm 
vong 2. Nang lirpng sinh ra trong phan thuy dpng cua bdm, cd 10KW, dupe bien 
thanh nhiet nang va theo he thong nude vong 1 lam ndng nude Id.

De do he so nhiet dp, dUa Id len trang thai tdi han d mufc cdng suat cd 7,9 
E-3 %N = 40 W. Sau do cho boat dong bdm vong 2 de ha nhiet do trong be Id. Xac 
dinh thay doi nhiet do T1 cua loi vao vung boat theo vi tri thanh AR. Bang 4.1 day 
trinh bay cac ket qua do va do phan ufng dUa tren dac trUng tich phan cua thanh 
A R.

Hinh 2 trinh bay sp phy thuoc do phan dng vao nhiet do T1 . Su phy thuoc 
nay cd dang tuyen tinh

p ~ aT + b (4.1)
trong do a la he so nhiet do cua do phang ufng.

TU hinh 2 tinh dupe he so nhiet do cua do phan ufng bang

a = -8E-3 $/°C
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Bang 3-1: Mat dp thong li/png ndtron tai cac vj trf trong Id

Vi trf do Thong li/png, n/cm2.s 
Nhiet Nhanh

Red Cong suat
WO.

Detectd Ngay do

Bay ndtron 8,18 E7 3.6 2 Au 26/12/83
2,3 E8 2,6 10 Au 17/1/84
2 E9 2,5 100 Au 19/1/84

1,48 E8 100 S 25/1/84
4,19 E10 2,7 1000 Au 21/1/84
5 E11 6,7 E10 2,52 20000 Au/S 9/2/84
1,64 E11 5 E10 2,46 5000 Au/S 15/2/84

Kenh so 3 1,22 E7 6,7 10 Au 17/1/84
1,6 E8 5,5 100 Au 19/1/84
2,08 E10 3,6 15350 Au 6/2/84

39 15350 Cu 6/2/84
1,8 E8 15350 S 6/2/84

(5,7 E8 <et qua d o tren may F>SO-2-4)
Kenh so 1 2,77 E10 2,9 E8 4,27 15350 Au/S 6/2/84

43 15350 Cu 6/2/84
Kenh so 2 1,26 E10 5,25 E7 6,6 15350 Au/S 6/2/84

(1,5 E8 ket qua do ren may PSO-2-4)
82 15350 Cu 6/2/84

Kenh so 4 7,14 E10 1,88 E9 2,2 15350 Au/S 6/2/84
(1,135 E10 ket qua do tren may PSO-2-4)

15 15350 Cu 6/2/84
Kenh 7-1 8,95 E8 2,0 100 Au 19/1/84

1,37 E8 100 S 25/1/84
2,51 E11 4,9 E10 2,5 20000 Au/S 9/2/84

Kenh 13-2 1,21 E9 2,9 100 Au 19/1/84
Mam quay 3,58 E9 3,4 1000 Au 21/1/84

9,76 E10 2,98 E9 4,6 20000 Au/S 9/2/84
Cot nhiet 1,98 E 9 1,15 E6 29,6 15350 Au/S 6/2/84

( 3,5 E6 ket qua do tren may PSO-2-4 )
250 15350 Cu 6/2/84

Cot nhiet, 2,63 E8 2,37 E8 500000 Mn/ln 11/2/84
hop Cd
day 1 mm

O Gia tri cong suat cho d day chua dupe chuan lai , xem ph'an 1.2
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Kinh 2 :->iV phu thugc do 
loi vao

phan mg vao 
vung hoat.

nhi|t do
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Bang 4.1. Cac thong so khi do hp so nhipt dp.

Thdi diem

ooi— AR, mm Do phan ufng, $
9h32 30,0 203 0,102
9h36 cho chay bdm vong 2
9h41 27,8 225 0,120
9h46 26,2 238 0,134
9h51 25,3 246 0,142
9h56 24,5 250 0,147
10h01 23,8 254 0,151
10h06 23,2 257 0,155
10h11 22,8 260 0,158
10h16 22,6 263 0,161

V- DQ NHIEM DQC XENON

Trong qua trinh lam vipc cua Id phan ufng, Xe-135 dope sinh ra tti san pham 
phan hach, no hap thu manh ndtron nhipt va do do di/a vao dp phan ufng am. De 
gii/lo lam viec d mufc cong suat co djnh can phai rut cac thanh di'eu khien len de 
bu trif do phan ufng am nay.

TO he phUdng trinh vi phan mo ta qua trinh dong hpc cua hipu ufng nhiem 
doc Xenon suy ra bieu thde sau day cua n’dng dp hat nhan Xe theo thdi gian va 
thong lifp'ng ndtron trung binh <j> .

X(t) = exp [-X x*(<j)) t] {Jq1 [ px Zuf <}) + pj Zuf <j) (1- exp(-X, t)) +

+ l0Xj exp(-X| t )] exp { X x*(<j>)t )dt + X0} (5.1)

trong do X0 va l0 la ndng dp hat nhan Xe va lot 6 thdi diem ban dau; hang so phan 
ra tudng di/dng

X, x1r((})) = X, x + a x 4> . (5.2)

Dp nhiem doc Xenon php thuoc vao thdi gian lam viec cua Id va mat do 
thong Idpng ndtron trung binh nhif sau:

o x X (t)
Px(t) = - f ........................ = - Px N(t) (5.3)

Zu
Vdi do nhiem doc Xe can bang

2u f CFX (j)
P°x h P°x((i') = - f ■ ( Px + Pl ) ..................................... (5-4)

Zu ^ x ~(4>)
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Cac so lieu hat nhan sd dung trong cac bieu thufc tren nhd sau:
Pl = 0,056 
Px = 0,003
X, = 2,8E-5/sec = 0,1008/h,
X x — 2,09E-5/sec = 0,0752/h,
cr x = 2.75E6 barn (d nhiet do cua vung boat)

Iuf /Iu = 0,85 doi vdi U-235 36%.
f = 0,853 ( he so su" dung ndtron nhiet)
<j> = x.1 E12n/cm2.s

Trong trddng hop nong dp Xe va lot d thdi diem ban dau bang khong va vdi 
gia thiet thong lirpng (j> trong (5.1) khong phu thuoc t, tfch phan (5.1) cho bieu thdc 
don gian sau day cua ham N (t) trong (5.3)

N (t) = {1 - exp [-X x*(<j>0) t] } - p k(<j>0) {exp(-X, t) - exp[-Xx*(<t>0) t ]} (5.5a) 
trong do

P = P1/ (P1 + Px)
k = k (<j)0) = Xx *{<\>) / [Xx *(<J>) - X| ]

Trong triidng hdp nong do Xe va lot d thdi diem ban dau khac khong, ham 
N(t) dupe cho bdi :

N (t) = [ 1 - e -A-x^V *] +
- ‘t’o

+ p k(4)i)[....... (1 - e I *0) - "I] [e ’x If - e “V^) t] +

*1
X X (4*1 )

+ .........[.................(1-e-V(4>0) t0)-

X X (4>o)

- P-k( (|)0 ) (e- xlto - e‘x X*(4>0) *0)] (5.5b)

vdi t tinh td thdi diem t0 khi thay doi thong li/png ndtron td <j)0 len (j>-j va X0 va l0 
la nong dp Xe va lot d thdi diem to:

P| lu^

l0 =............-........ (1 - e" xl*o ) (5.6a)
X|

(P| +Px) Iu
x0 = ................................ (1 - e-V(<y *0)

»-x*W0)
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PI £uf *0
........................... (e- - e -Xx'%) *0) (5.6b)

^ x’(*0) " *-1

Thi nghiem xac dinh dufdng cong thay doi do nhiem doc Xenon va tuf do ti'nh 
do nhiem doc Xenon can bang dufdc tien hanh trong dot 16 boat dong 72 gid 6 cong 
suat danh dinh. Viec xac dinh do nhiem doc Xenon dufdc tien hanh bang phi/Ong 
phap bu truf.

Trong thdi gian 16 boat dong, ngoai do phan ufng am do do nhiem doc 
Xenon cac hieu ufng khac nhu/ nhiem doc samari, hi#u ufng tang nhiet do cung dura 
vao do phan ufng am. Do do si/ thay doi tong cong cua do phan ufng la:

P = Px + Ps + PT (57)

td do xac dinh dUoc do phan dng do nhiem doc xenon.
Do phan ufng pj do hieu ufng nhiet do bang

PT = a ( T - T0 ) (5.8)
trong do a = -8E-3 $ / C,

T0 va T la nhiet do ban dau va nhi#t do dang do.

Do phan ufng ps dupe ti'nh theo bieu thufc sau :

c’s^o
ps0) = Ps° [(1 ■ e'^sW ) + ........ (e"^ p* - e'^sW )]

^ P Mo

2V

Ps° = 'f pp.........
Zu

cac hang so sue dung trong bieu thufc tren nhu" sau:
Pp =0,011 , gs = 5E4 barn , X p = 4,1 E-6/sec.

Suy ra do nhiem doc samari can bang: 
ps° = -8,1 E-3 = - 1 $ .

Bang 5.1 trinh bay cac ket qua do do nhiem doc xenon theo thdi gian trong 
do't lam viec 72 gid tuf 11/1/1984 den 14/2/1984. Cot dau cho thdi gian Id 6 cong 
suat, cot 2 cong suat Id. 6 day co sd thay doi lai gia tri cong suat Id so vdi gia tri 
ghi trong nhat ky van hanh Id. Trong nhat ky, vao luc 19h06 Id dat cong suat 
100%, den gid thd 14 chuyen xuong 90%, den gid thd 43 chuyen len lai 100% va 
vao gid thuf 47 nang len den 143%. Cong suat 143% cuoi cung ddpc suf dung tuf 
day ve sau, coi nhuf mdc 100%, do do cac mdc cong suat trufdc day, thu'c te thap
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t

M
1
5
10
14
15
20
25
30
35
40
44
45
47
50
55
60
65
70
72

Bang 5.1. Ket qua xac djnh do nhiem doc Xenon

p KC1 KC2 KC3 KC4 AR P T1 1 PT Ps Px
(%) (mm) (mm) (mm) (mm) (mm) ($) L°C) l$]___ <$) ($)
70 420 420 420 420 450 0.000 25 2 0.000 0.000 0.000
70 - - - - 335 -0.130 31.5 -0.050 -2 E-4 -0.125
70 - - - - 200 -0.280 27 2 -0.016 -4 E-4 -0 264
63 - - - -
63 410 410 410 410 314 -0.437 25 8 -0.005 -7 E-4 -0.431
63 400 405 400 405 400 -0.575 26 4 -0.010 -1 5E-4 -0.564
63 - - - - 300 -0.695 26.0 -0 006 -0.002 -0.687
63 - - - - 250 -0.750 24.6 +0.005 -0.003 -0.752
63 - - - - 195 -0.805 23 0 +0.017 -0.004 -0.818
63 390 395 390 395 400 -0.904 25 3 0.000 -0.005 -0.899
70
70 - - - - 335 -0.971 27.3 -0.017 -0.006 -0.948
100
100 - - - - 270 -1.039 28 6 -0.027 -0.008 -1.004
100 385 385 385 385 400 -1.154 27.8 -0.021 -0.009 -1.124

- - - - - 310 -1.259 27.6 -0.019 -0.011 -1229
- - - - - 220 -1.354 29 3 -0.033 -0.012 -1.309
- 380 375 380 375 357 -1.397 28.5 -0.026 -0.014 -1.357

' 349 -1.402 27.5 -0.018 -0.015 -1369



hdn 100%. Cu the la trong khoang thcfi gian tO dau den gid thO 14, cong suat Id la 
70%, tO gid thO 14 den gid thuf 44, cong suat la 63% , tO gid thuf 44 den gid thuf 47 
cong suat la 70% va gid thuf 47 trd di cong suat la 100%. Tren cac cot tiep theo ghi 
vi trf cac thanh KC va AR . Be tfnh dp phan Ong tong cong p ta sd dung cac dodng 
cong dac trUng tfch phan cua cac thanh KC va AR trong bao cao phan 2 va he sd 
giao thoa giufa cac thanh KC la 0,88. Qui Ode p = 0 tpi gid thuf nhat de tfnh p d 
thdi gian tiep theo. 06 phan ufng pj dope tfnh theo bieu thufc (5.8) vdi nhiet do 
loi vao vung boat T1.B6 phan ufng am do nhiem doc Samari dope tfnh theo bieu 
thOc (5.9). Cot cuoi cuing cua bang 5.1 la dp phan ufng do dp nhiem doc xenon 
dufpc tfnh theo bieu thufc (5.7)

Ket qua xac dinh do nhiem doc xenon dope trinh bay tren hinh 3. Ta thay 
rang trong 47 gid dau, dp nhiem doc xenon tang dan theo thdi gian. TO gid thO 47, 
cong suat Id tang tO 70% len 100%, do nhiem dpc xenon tiep tuc tang ma choa dat 
den trang thai can bang.

Ta hay tinh dodng cong nhiem dpc xenon theo bieu thOc (5.3) va (5.5) va so 
sanh vdi dodng cong thpc nghipm. TO do, co the xac dinh dope mat do thong lopng 
ndtron trung binh trong vung hopt Ong vdi do nhiem dpc xenon do dope.

Ta chu y rang cong thOc (5.5a) dung trong trOdng hpp ndng dp lot va Xenon 
d thdi diem ban d’au bang 0. Do do cong thOc nay dung vdi phan dodng cong tO 
dau den thdi diem 47 gid. Trong khoang thdi gian nay mat do thong lopng ndtron la 
<j)0 Ong vdi cong suat 63%. TO thdi diem t0 = 47 gid trd di cong suat tang len 
100%, do do mat do thong lopng ndtron la <()-| = 1,59-4>0 • Khi do

crx *o - 0,0099.x/h Gx4>1 = 0,0157 x/h
Xx '(4>o ) = (0,0752 + 0,0099.x)/h Xx *(<i>-|) = (0,0752 +0,0157.x)/h

Tien hanh tfnh cac bieu thOc (5.5a) trong khoang thdi gian tO 0 den 47 gid 
(5.5b) tO 47 gid den 72 gid vdi mpt so gia tri cua x , xac dinh dope gia trj x = 1,9 
cho ket qua tfnh loan phu hpp vdi cac diem thpc nghiem, xem dodng cong ve tren 
hinh 3. Mat do thong lopng ndtron trung binh trong vung boat Ong vdi cong suat 
danh dinh la:

<|>«l = 1,59x. 1 E12 n/cm2.s = 3E12 n/cm2.s .

Vdi gia tri nay, suy ra do nhiem dpc xenon can bang la:

Px °(4>1) = - 0,01214 = -1,5 $
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VI. KET LUAN

Trong dgt khdi dong nang lupng da dua cong suat Id len dan dan va dat 
mUc cong suat danh dinh 500 KW. Cong suat Id dupe chuan theo cong suat nhipt 
cua he thong nude vong 1 va 2. 6 mUc cong suat danh dinh, mat dp thong lupng 
ncftron nhiet dat gia tri cao nhat la 2,1 E13 n/cm2.s tai bay neftron.

Ld phan ufng da boat dong lien tgc d mufc cong suat danh dinh trong 72 gid. 
Trong dpt chay Id nay da khao sat cac thong so cong nghp Id nhi/ nhipt do tai cac 
vi tri trong be lo, nhiet do ni/dc vong 1 va vong 2, cac thong so nude be Id. Dong 
thdi cung khao sat tinh hinh phong xa tai cac ndi lam vi#c, do phong xa cua nude Id 
va khf thai. Ndi chung, cac thong so nam trong gidi han cho phep Id boat dong an 
loan.

Ket qua khdi dong vat ly va khdi dong nang lUdng cho ket luan rang Ld phan 
Ung hat nhan Da Lat co the dUde khai thac an loan d cong suat danh dinh 500KW.
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CAC CONG TRINH KHOA HQC 
NGHIEN CUfU CAC BAC TRLfNG VAT LY LO 

CUA LO PHAN LfNG HAT NHAN BA LAT
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PRELIMINARY EXPERIMENTS PERFORMED ON THE 
NEWLY RECONSTRUCTED 500 KW NUCLEAR 

RESEARCH REACTOR OF SALAT

Pham Duy Hien and Ngo Quang Huy 
Nuclear Research Institute,

DALAT, VIETNAM

I. INTRODUCTION

In 1975, all the fuel elements of the former nuclear reactor 
TRIGA MARK II in DALAT had been dismounted and taken away, which 
effectively caused this atomic research center to stop its activities for 
some time. Fortunately, in 1978 a plan for reconstruction of the reactor 
with a higher operating power of 500 Kw, twice that of the previous one, 
was officially approved through technological assistance from the Soviet 
Union. According to this project, the undismountable components of the 
former reactor such as the reactor tank and concrete shielding, the gra
phite reflector, the beam tubes, the thermal column etc. are to be retained, 
while new design work must be carried out for such new components and 
systems as the reactor core using Soviet made fuel elements type VVR-M2, 
the control system, the cooling system and the whole radio-protection and 
safety systems of the nuclear center. The former bulk shielding tank has 
been redesigned into a storage tank for burnt-up fuel elements. The re
construction work was started in March 1982, and after two years, the new 
reactor reached its planned nominal power of 500 Kw for the first time 
in February 1984.

II. SOME FUNDAMENTAL CHARACTERISTICS 
OF THE REACTOR

A view of the nuclear reactor and a top view of the active core 
are presented in Fig. 1,2. At the center of the core is situated the neutron 
trap which has a diameter of 65 mm and the wall of which is made of Be. 
The region between the active core and the old graphite reflector is also 
lined with beryllium.
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Fig. 1 Elevation of reactor system

1. Core
2. Graphite Reflector
3. Sucking Tube
4. Primary Cooling System
5. Additional Shielding
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The reactor control system consists of 2 safety and 4 shim rods 
of boron carbide and 1 stainless-steel regulating rod. For the active core 
configuration of 92 fuel elements and neutron trap the excess reactivity 
is 10 0ei£ while the total reactivity worth of the shim rods is 12 8e£i.

The main reactor parameters are presented in table 1. The
maximum thermal neutron flux in the center of the neutron trap reached 

12 22.1 x 10 n/ cm . s ; a value which shows the high quality of the recon
structed reactor. The core cooling mechanism is basically natural con
vection as in the former TRIGA reactor but the driving effect is enhanc
ed by a 2 meters long sucking tube placed directly above the active core. 
The whole active core-sucking tube assembly is suspended from the top 
of the reactor tank. In table 1 are presented also the typical heat transfer 
parameters. Due to the large heat transfer surface of the VVR-M2 fuel 
element the average heat flux in the active core is rather low as compared 
to the TRIGA reactor. The temperature of the fuel element cladding has 
not yet been measurd, but it can be estimated from the parameters given 
in table 1 and its maximum value will remain below 95°C.

From the measurement of power versus time after insertion of 
an excess reactivity (fig. 3) the negative temperature coefficient of the 
reactivity can be estimated as:

^ -1.5 x 10'4 6 K/K °C
dT

However, this rather high negative temperature coefficient is 
associated with the coolant-moderator, while in the case of the former 
TRIGA reactor the negative temperature coefficient ( - 1.10™4 5 k/k°C) 
is prompt and associated with the homogeneous fuel-moderator element. 
As can be seen in Fig. 3 a normal steady state of operation can be safely 
established with an accidental excess reactivity of ^ 0.5 ^e££

III. SPATIAL AND ENERGY DISTRIBUTION 
OF NEUTRON FLUX

The neutron flux and energy spectrum are determined by the 
use of detector foils Dy, Au, Lu, Mn, Co, Cu, A1 etc. together with a 
gamma spectrometer using HP Ge detector. The experiments are usually 
carried out at a reactor power of 50Kw. The corresponding maximum 
neutron flux at the center of the neutron trap is obtained as 2.1.10 1^n/ 
cm ^s. The coefficient of non-uniformity in flux distribution ^ max/ 4 
is 1.24 axially (as measured along the neutron trap axis) and 1.84 radially.
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TABLE 1
—

Typical parameters of the 500 I<W Dalat Reactor
Fuel element type WR-M2
Uranium enrichment 36% U-235
Cold,clean critical loading

Uranium 72 elements
2.781 Kg U-235

Beryllium 26.25 Kg
I Operational loading 92 elements

3.695 Kg U-235
Active core volume 64.9 1
Excess reactivity 10 6eff
^laximum thermal neutron flux 2,1.101 ^ n/cm2 s
Number of control rods

safety 2
shim 4

Peculating 1
Total reactivitv worth

of shim rods 12 Beff! Reactivitv worth of
requlatina rod O.SBeff

I Temperature coefficient
of reactivity(associated with the coolant-moderator) -2.10 6eff

Primary coolinc system
Flow area of active core 550 cm2

! Heat transfer surface 22 m2
Average heat flux 2,3 W/cm2

i Maximum heat flux 5,2 W/cm2
j Inlet coolant temp. 28°C
j Exit coolant temp.(Average)50°C
i Coolant mass flow

Mass flow rate in
22,300 Kg/h

primary circuit 50,000 Kg/h
i Secondary cooling system I

IMass flow rate 90,000 Kg/h' I! Heat exchanger inlet temp. 19°C j
_________

Heat exchanger exit temp. 24 °C I
.1
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Ao ■ 0.35 6

—-Ao • 0.316

• 0.16 8

Fig. 3 The power level, as a function of time, achieved 
when the excess reactivity is suddenly inserted.

The measured thermal and epithermal neutron spectra were fitted on the 
formula:

E -E/KT , , A(E/KT>* (E) = VKT)2 6 +»epi —(H
E

Where E is neutron energy, T-temperature of neutron field, 
A (E/KT)— junction function. The epithermal neutron spectra in the 
neutron trap and in the active core are presented in Fig. 4. The Maxwel-
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I - 0.03

« - 0.1

* - 0.02

Fig. 4 Epithermal neutron spectra in the neutron trap (o), 
active core (o) and rotary specimen rack (x).

V

lian part of formula (1) can be deduced after having determined tempera
ture T (using Lu foil). If the effective neutron temperature can be ex
pressed as function of the temperature of the coolant-moderator TQ 
according to:

T = = To (2)-

then the coefficient can have the value 1,08 for the active core. The 
values for parameter (3 are 0,03; 0,02 and 0,10 corresponding to the 
neutron trap, graphite reflector and active core.

The results obtained as reported dn this part are currently used 
for the evaluation of possibilities for different activation analysis purposes.
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IV. ACTIVITY OF THE PRIMARY LOOP WATER

The former Dalat TRIGA MARK-II reactor became operational 
in 1963 but in reality it has been kept idle for many years before its 
reconstruction. As a consequence, many old components in the reactor 
tank are suspectedly under the attack of surface corrosion. In addition, 
the pollution of the reactor components in the tank during the process 
of installing cannot be removed completely. In these circumstances, 
although the primary loop water was carefully treated and its main 
characteristics (PH, conductivity etc.) kept at the nominal values, the 
content of various radionuclides in water must be accurately determined. 
In table 2 are given the specific activities of various radionuclides in 
primary loop water after a 72 h of continous operation of the reactor 
at 500 Kw. Most of the radionuclides presented in table 2. resulted from 
the activation of the corrosion products of aluminum alloy and stainless- 
steel. The presence of Xe-135 indicate the probable release of the noble 
gas fission product, through the microdefeats of the fuel element 
cladding.

TABLE 2 .
Specific Activity of radionuclides in primary loop water after 

a 72-h continous operation of reactor at 50GKW

1--
Radio
nuclide Ti Activitv

(Ci/1)

28ai 2.25 in 6.1 Cf7
27Mg 9.46 m 5.10^
24Na 15.00 h -75.10
56Mh 2.53 h -71.5.10
51Cr 27.7 d 1.10"8
187w .23.8 h 1.10"°
38ci 37.18 m 1.10™7
41Ar 1.83 h 2.10"6
135Xe 9.17 h -92.10
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Copenhagen, Denmark, 9—13 September 1985

lAEA-SR-119/20

NEUTRON SPECTRA OF THE NEWLY RECONSTRUCTED

500 kW NUCLEAR REACTOR OF DALAT/VIETNAM 

APPLICATION IN ACTIVATION ANALYSIS

Phcvpi Zuy Hien ,Tran Khanh Mai ,N?o Ouanq Huy , 

Nquyen Tac Ar.h

Dal at Nuclear Research Institute ,Da l.at ,Viet.na:r..

A B S T RAC T

' The neutron spectra in different i rradi at.i wi• posit ions in the newly 

reconstructed 500kW nuclear research reactor of Uniat.Vietnam,have been 

me insured .The results obtained are used for evaluating the advantages 

of each irradiation position in activation analysis and for the absolute 

determination of the concentration of elements through the k^-standardila

tion technique.More than three thousands samples have been analysed and 

the results show the high performance of the newly reconstructed reactor.

This is n preprint of a paper intended for presentation at a scientific meeting. Because ol the provisional nature o' it: 
content and since changes of substance or detail may have to be made before publication, the preprint is • a te available on the 
understanding th.lt it wil1 not be cited in the literature or in any way be reproduced in its present form. Tne views expressed and 

the statement', made reman the lusponiibility ol the named authoils). the views do no: m», cs:.,i ih, reflect those c.' the mown 
mer.t ol the designating Memtv.-r .slote'.si or ol the designating orgar.butinnlsi /-i p-.rncul.v 'ntfirr tho 1AFA no, nny other 

(U'jonr.tdnn a, ,''o j> :por,s'-r tr.g ihn mt-run-j can or i njponsit-1-- .'m ,/r<y >i.‘ '••ri.i. > enr.i'JrCfl ,n -print.
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11 i oilucl" ion :

The newly reconstructed 500kW nuclear vc.se rnch reactor of Da 1-at,brought 

to its nominal operating power in February lr>R4,is unique of its kind ir the 

w.-i r i d :Sov i .■*> designed core and control system harmoniously insk.*. 1 i .-d in the 

left-over infrastructure of the old American made 2 50kW TRIGA MARK.-IT reactor 

The undismountable components of the former reactor,such as the rc-vfor tank 

and concrete shielding, the graphite reflector, the beam tubes and tlvrmal co

lumn are - •••> b-. • retained ,w'n i le n^w desiq n work has been carried out : or such 

now components and systems as the reactor core using Soviet fuel f icn.sity 

WP. - M2 ,t;ho cor t ro l system, the cooling system and the whole r-irf io-p ro"i:ct ion 

and safety : -.vs terns of the nuclear center .The former bulk sh.i aldinu -tank has 

been recon-s rurtvsi into a storage tank for burn t -up fuel elements.

II. home f undnmental characteristics of the resens trueted re r :

2 .1 S
The fuel 1 vmonc VVR-M2 is made of ur an i urn- o 1 um l rt l um alloy wifh (f,i; U 

rn r ■' r-hmen f . i ■; consists of three coaxial tubes with the thickness o1 . r>mm as

si i own in lie. : . The cere configuration is presented in f ig . 2 .Seven i r colls 

in the center of the core are occupi ed by a water -be ry iium neutron ;.r ap .which

has inside diameter 'RSrnm.The wall of f he neutron trap i r. made of her v 1 i um. The

too ion between the fuel element part of the core and the old graph;te reflector

also lined with be ry iium. The reactor control system consists of ;• safety <\nA

'> shim rods of boron carbide* 1 s tfa i n less-s tec 1 regulating rod. For i he core loa.-

7 e f f
worth of each safety and shim rod is J

The core cooling mechanism is basically natural convection as iu the for

mer TRIGA reactor,but the driving effect is enhanced by a 2-meter long sucking" 

tube placed diteotly above the core.The whole core-suckinq tube ass-ml 1y is sus

pended from the top of the reactor tank ( f iq . 1) . Due to the large he. v transfer 

surface of flic VVli-M.? fuel element the average heat flux in the core is rather 

• ow as compared m the former TRIGA reactor.The heat transf et .uv 1 iiydi aul ic p4 - 

rame tern o*“ r h- ■ ’■'•'01';! r acted reactor are q i von in Table 1.

experimental 1 a: • d - a • '"u 1 at Iona 1 wo rks ire in progress in order i > i ivest; - 

I 11 r- an interest ina and important pi ob I cm .-whether the nom i rsa 1 power of fee n«iV 

r' ■, i c r c i may he u| gr aded • o more than SdOkK without sign) f leant change in the 

'-oust ruet ion and i e.v-r nr components .

III. Gnufinj and energy distribution o£ the neutron flux:

The r.etif mn flux and energy spectrum a **o determined by the us- ■ - : detector 

toil:. Dy , Au , b'i ,.‘lri ,Cu ,Co , In , W , Al (for thermal and epithermal neutrons) and In ,.5 ,f 

r'n d'o , Rh , A1 f for fast neui mns) .-The acti.vnttd foils are measured on r n? gam-
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I-S up -------------yj

Al

Fie.. 1 Cross section of the fuel element 
( Unit in mm )

Cell 1-1

/

IWmM

Fig. 2 Reactor core arrangement 
I. Fuel element ; 2. Beryllium reflector 3. Neutron 
trap ; 4. Wet channel ; 5. Pneumatic transfer tube ; 
6. Safety rod ; 7. Shim rod ; 8. Regulating rod ;
9. Graphite reflector ; Cell 1-1 : The first cell of the 
core, cell i-j denotes the cell at i^ row and column.
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' .i r 3 Vr r t i rnl section of the- reconst ruct'’''1, reactor

1. ''o :"''
2 . Cr;u)li i lr He Tloo to r 

j . Cluck i nr; Tube 

-1 . V r i nr ivy Cool inf. Cly r I.pm 

f".. - ' i ouo.1 .3hi c l h i
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ma spec: •-omc* tor i'.s i i, i !IP(>’ detector.The maximum thermal neutron flux at the 
cent er of t ho neutron trap is 2. Lx 10 * \i/cm* . s. The coefficient of non-unifor

mity in f I u.x fli sir i hut ion is:

<P7 max.
—........... = ] . f>4 rad i al 1y,and

4* av< i .
- 1.24 ax i a 1 1 y (as measured along .the neutron trap 

axis)

Tim flux di st r i but i on in the neutron trap has been measured in detail

in order to investigate* the possibility of using irradiation channel for neu-
h-irvr

tron doping in silicon.The results show that the flux uniformity of + 5* is 

observed in the region of 5cm in diameter and 20cm in height around the cen

ter of t he nout.pin t. rap.

The measured thermal and epithermal neutron spectra were fitled on the

& (F/kT)

/1 /
well-known formula'

<fatX X
“W

e-EAT + 4>_ep-i 1 + oc ( '!

where: F - neutron energy,

T - effective neutron temperature,

A'f/kT) - -junction function. ^

The effective neutron temperature is measured by using a non- — Lu-de-

tector.Tim calibration experiment has been done by irradiating the Au and Lu

foils in thermal column,whore the effective neutron temperature is obviously

equal i u the temperature of graphite ( ln0°K at SOOkWl .

The parameters 0 . and o( are determined bv irradiation of Cd-covered
r epi

, os' a me" detectors. In this case the reaction rate per nucleus of the irradia 

l --d i '.d l tie calculated by using the formula' :

A - 4 (2)

w 11 *

.T!aC).F , 
ej.u o Cd

I-' ' r- the epi t-henna! neutron transmission factor for Cd - f i 11 e r (£ 1)

a no : (<y. ! ; ■: the resonance integral modified by the deviation of l he epither
1

ma! neutron ectrum from the — - 1 aw:
i - n.4 2'xr- o.A?r)0~

o o1 flA < 1

• : I

(T-( -

In Tan 1'

0.55x ( 2cX + 1) 

oiiv^nt iona 1 resonance integral ( oC = 0) ,

V2
iv* m*a 1 'mat '•••n ( n ,y) c)"o:;:;-:;ect. ion,

f feet i vr- ! i son a nee energy f cV) ,as defined and tabulated in Ref

.’ ,ii *. | t.ed the expi i imental values of the neutron spectra

* .mu i o n in four typical irradiation sites. The parameter (P . / y* . i ncreas&d 
’ th ' «’pi

'in i ! i can* l f i, in lie i r i ad i a L i on chanrm 1(11-2) in the core to th< • rotary
: !'■ < i i in ‘In- ui ai Im ia ref 1 eel m . In the I lierma 1 column 4 \ Y\ ^pi ,'"3n<^'
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there.- fore the op; therma I neutron spec t; rum c.jm be: m■■■ i I <■ f n.| j n dctiVuLion

technique . The devi at ion of the epi themrma 1 nouhr on spvvrrum from t
l
— - Low i £; evident .especially for the irradiation chan re 1 f l 3-2) .As 

seen later,it is very important to take into account t h i s r. i. tuatie 

mu1 t.i element activation analysis.

Table 1

Typical parameters of the 500kW 

Fuel element type 

Uranium enrichment

Cold,clean critical loading Uranium

Beryllium

Operational loading

Active core volume

excess reactivity

Maximum thermal neutron flux

Number of control rods

Total reactivity worth of shim rods

reactivity worth of regulating rod

Temperature coefficient of reactivity

(associated with the cool ant-moderator)

Primary cooling system

Heat transfer surface 

Inlet coolant temperature 

Exit coolant temperature(average) 

Mass flow rate in primary circuit 

Secondary cooling system 

Mass flow rate

Heat exchager inlet temperature 

Heat ex chancier exit temperatuer

Dalat reactor.

' 2 c 1 emo n t s , 2-r 7-f t 1 i Aj

wr-m::
) lr>

361 U '

72 c 1 emon ts , 2-r7-fi 1 iAi V 

20.25kg

92 el "me 11s , \ -95kq 11

o-I.Ol 
10 .

12 2
2 . Ixlf) " n/cm . s 

7

2 <

iff
0

-2x101 '§ ?f f

22m
2.

50°C

50 ,000k:r/h

90,000kg/h

19°C

2-1°C

Table 2

Typical character is t i cu neutron .spectra in some irradiation sites (a

Nei.il: ron t rap. Core Rotary Specimen Thermo 1

(Unit cell(13-2 )) Rack

^,.h(n/cm" s) 2. 1x10 11 4.2xlo" 1.2x1011 1.5x10

th-' + ■7
i

.5 25.3 100 1574

T(°K) 32 5 331 310 300

cX- -O -0.11 -0..X-P

IV. /..•! I i < .u ion i i; X I i vat ion At 11

so ideal 

: in Lt: 

n in the

t 50KW). 

co lumn

9
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Tin* i r ravli .it ion facilities for u::i i vat i on .jnnlyuis at. the mn loiir ro- 

sernca reactor of Da]/it consist o£:

- one neutron trap at the center of the core;

- a pneumatic transfer system installed at the perimeter of the core 

(unit celi (13-2)) ;

- a rotary specimen rack with 40 irradiation iiositions in the graphite 

reflector;

- an automatic pneumatic transfer system installed in the thermal co

lumn for thermal neutron activation analysis of short-lived isotopes.

A neutron counting unit with six lie-neutron counters is a] so coupled 

to this system for analysis of uranium by del ayed-nc-utron technique.

!n Hie near future two automatic pneumatic system will be insta lied ,one 

in the cor" and the other in one of the horizontal tubes .

The experimental results given in Table 2 have been used to evaluate the 

advantages of each irradiation sites for different analytical tasks.

For this purpose the sensitivity of activation analysis of various ele

ments has iv'en calculated for different irradiation pcsitions.The results she 

that a rat.h-o ] argovariation in the absolute and relative sensitive ties can be 

found by changing the positions and conditions of .irradiation (wi t.hcut and with/ 

Cd - over) .This can he seen from the ex amp] e of INAA of gold in ores con

taining antimony as a major component. In this case the presence of the very 
intensive photopeaks of Sb^"' and Sb*^ ^ (564keV and 604koV) in the gamma spec

trum of the irradiated sample creates a high Compton background and disturbs 
the determination of the 412keV photopeak area of Au^^.It is shown that if th-C- 

i rradiation is carried out in the rotary specimen rack instead of in unit celt

(13-2) one can reduce about 40% the relative activity of both antimony isotopes 
198with respect to Au .The important role of the condition of irradiation can

bo demonstrated in activation analysis of uranium in the ores containing rare
139 141

earth elements. Jn this case the interference of the isotopes Ba ,Ce and 
T..V 0 can gys en times reduced if the sample is irradiated in the rotary spe

cimen rack under Cd cover.

Another example is the act. ivat ion analysis of uranium by irradiating the 

sample in the thermal column and counting the delayed neutrons.Although the 

sensitivi ty in this case is not so "high (at the pjwi level) due to the rather low 

thermal neutron flux in the thermal column,the interference from thoi ium can be- 
completely nog 1ected.This situation is very important: when determining the uro- 

n ium, con ten v. in monazi l c sand,where the thorium content is of some orders of 

n. i'.iu 1 Cudr h inder than uranium.

The i -a ramo t - v<, of the reactor neutron spec* ra giver, in Table 2 are also 

e >-d for absolute do t etm i na t i on • i n mu 11 i e 1 ement al act i v a*" i on analysis through 

k -s t and->rd i zat i on t erhn i < pic. Go) d has born ' hos"u as standard and t be k^-dnta
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are taken from ki • I . '.A r < ■ I r t o n ce maletial w i t h kiown concur) t rat i on <>f r 1 ement

hits been ana1 v s • '< i to 1'iovp the worth of aj-| > ( i cat ion of the k -s t anda rdiz at ion
o

foehn ipue.

It sh. >u 1 - I 1 • mentioned fh.it very high accti racy i s obtained when using the 

k .-standard i zat i on technique in thermal neutron vfivation analysis. In this r; 

se the ac curacy of the enporimental results is practically not affected by thflt 

errors of the iru-asu red nou t ron" spect. ra parameters.This is confirmed by the ex - 

per ironts carried mil in the thermal column.
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INVESTIGATION OF THE BASIC 
REACTOR PHYSICS CHARACTERISTICS 

OF THE DALAT NUCLEAR RESEARCH REACTOR
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Center of Nuclear Techniques, Hochiminh city, Vietnam
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SUMMARY The Dalat nuclear research reactor was reconstructed from the TRIG A Mark II reactor, built in 1963 
with a nominal power of 250 kW, and reached its planned nominal power of 500 kW for the first time in February 
1984. The Dalat reactor has some characteristics distinct from the former TRIG A reactor. Investigation of its 
characteristics is carried out by the determination of the reactor physics parameters. This paper represents the 
experimental results obtained for the effective fraction of the delayed photoneutrons, the extraneous neutron source left 
after the reactor is shut down, the lowest power levels of reactor critical states, the relative axial and radial 
distributions of thermal neutrons, the safe positive reactivity inserted into the reactor at a deep subcritical state, the 
reactivity temperature coefficient of water, the temperature on the surface of the fuel elements, etc.

1 INTRODUCTION.

The Dalat nuclear research reactor was reconstructed 
from the TRIG A Mark II reactor built in 1963 with a 
nominal power of 250 kW. In 1975 all the fuel 
elements of the TRIG A reactor were dismounted and 
taken away, which effectively caused the reactor to stop 
its operation. Reconstruction of the reactor with a high 
operating power of 500 kW was accomplished with a 
Russian technological assistance. The new reactor 
reached its planned nominal power of 500 kW for the 
first time in February 1984.

The Dalat reactor is unique of its kind in the world : 
The Russian designed core is harmoniously integrated 
into the left-over infrastructure of the American-made 
TRIG A research reactor. The undismounted 
components of the former reactor are the reactor tank, 
the concrete shielding, the graphite reflector, the beam 
tubes and the thermal column. The new components 
consist of the reactor core, the cooling system and the 
reactor control system. The rector core is loaded with 
the Russian-made WR-M2 fuel elements of uranium- 
aluminum alloy. An amount of beryllium material is 
placed at the center of the core, forming a neutron trap, 
and at the periphery of the core, forming a 
supplementary reflector.

The Dalat reactor has three characteristics distinct from 
the former TRIGA reactor :

i. The WR-M2 fuel elements of uranium-aluminum 
alloy have been substituted for the former TRIGA U- 
ZrHn fuel elements. It means that the low inherently 
safe reactor core took place instead of the high 
inherently safe one.

ii. The introduction of a neutron trap in the center of 
the core and an additional beryllium reflector beside the 
old graphite reflector enhances the neutron flux at the 
center and makes the neutron field distribution more 
complicated.

iii. A delayed photoneutron source induced by the 
interaction of gamma rays of energy greater than 1.66 
MeV on beryllium material may have influence on the 
reactor's kinetic behavior and the reactor operation.

Investigation of the characteristics of the Dalat reactor 
is carried out by the determination of the reactor 
physics parameters The experimental results were 
obtained for the effective fraction of the delayed 
photoneutrons, the extraneous neutron source left after 
the reactor is shut down, the lowest power levels of 
reactor critical states, the relative axial and radial
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distributions of thermal neutrons, the safe positive 
reactivity inserted into the reactor at a deep subcritical 
state, the reactivity temperature coefficient of water, the 
temperature on the surface of the fuel elements, etc.

2 REACTOR DESCRIPTION

A view of the Dalat reactor is presented in Fig 1, in 
which the new components consist of the reactor core, 
the extracting well and the cooling system. The reactor 
core in the cylindrical shape of 43.6 cm diameter (Fig 
2) is surrounded by the old graphite reflector of 34.6 
cm thickness. The reactor is loaded with 89 fuel 
elements of WR-M2 type. A fuel element has an 
overall height of 86.5 cm including 60 cm uranium-

11 \1
Fig. 1 Elevation of reactor system
1. Core , 2. Graphite reflector ; 3. Extracting well
4. Primary cooling systeem ; 5. Additional shielding

Cell 1-1

^ 3

Fig. 2 Reactor core arrangement 
I. Fuel element ; 2. Beryllium reflector 3. Neutron 
trap ; 4. Wet channel ; 5. Pneumatic transfer tube ; 
6 Safety rod , 7. Shim rod ; 8. Regulating rod ;
9 Graphite reflector ; Cell l-l : The first cell of the 
core, cell i-j denotes the cell at i1*1 row and column.

aluminum fuel part (36% enriched U2-^) that consists 

of three coaxial tubes of 2.5 mm thickness. A tube is 
made of a 0.7 mm fuel layer wrapped in two aluminum 
cladding layers of 0.9 mm thickness. The average mass 
of U2^in each fresh fuel element is 40.3 g.

Irradiation facilities inside the reactor core consist of a 
neutron trap, a wet channel and two vertical pneumatic 
transfer tubes. The reactor is controlled by six boron 
carbide rods (two safety rods AZ%, AZ% and four shim 
rods KC1-T-KC4) and an automatic regulating stainless 
steel rod AR. An additional beryllium reflector layer of 
2.9 cm average thickness is inserted between the active 
core (the fuel region) and the graphite reflector . The 
equivalent radius of the active core is 18.9 cm.

3 DELAYED PHOTONEUTRONS

Delayed neutrons in the Dalat reactor come from the 
two contributions : the delayed neutrons from U2-^ 

fission and the delayed photoneutrons from (y,n) 
reactions induced by the interaction of gamma rays of 
energy greater than 1.66 MeV on beryllium material. 
Determination of the delayed photoneutrons plays an 
important role in studying the reactor kinetic property 
and estimating the neutron source left after the reactor 
is shut down.

The time spectrum of the delayed neutrons is measured 
when the reactor is shut down after continuously 100 
hours operation at 500 kW (Fig 3). Fig 3 shows that the 
delayed U2-^ fission neutron counts decrease rapidly 
and they may be neglected from 51*1 minute after 

reactor shut-down. The delayed photoneutron counts 
decrease slowly and remain about 10'^ 4- 10"2 of the 

nominal power during 64 hours. So the photoneutron 
source left after reactor shut-down gives the neutron 
flux of about (10^4-10®) n/cm2/s during 64 hours. This 

extraneous neutron source is used for starting-up the 
reactor.

50 t(min.)

Fig 3 Time spectrum of the delayed neutrons after 
reactor shut-down.

0 Experiment
_______ Fitting curve for 6 fission nutron components
and 10 photoneutron components

Calculation curve for 6 fission neutron 
components
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The delayed neutron spectrum is analyzed in 16 
components comprising of 6 components of delayed 
U23$ fission neutrons and 10 photoneutron 

components. The total effective fraction of the delayed 

neutrons Peg- consists then of two parts: P eff» 
effective fraction of the delayed fission neutrons, and 
P®eejy, effective fraction of the delayed photoneutrons .

A global estimation from the time spectrum gives :

PBeeff- ( 0.49 ± 0.02 ) % Peff

P°eff = PBee(T= 99.51 %pgff.

Table 1 presents the p®eeff/peff ratio as a function of 

the mye/nxy mass ratio for several various media. It is 
obvious that the P^eff/Peff rat'° increases with the 

nige/niy mass ratio .

Table 1. p®eeff/(3eff ratio as a function of mgg/my 

mass ratio.

mBe/mU P^eefl^Peff Reference

8.5
1777 -T- 3112 

Pure beryllium

0.49 %
2.26 %
2.31 %

This work 
Krasin, etal, (2) 

Keepin, (1)

4 LOWEST CRITICAL POWER LEVELS

The determination of lowest critical power levels of the 
Dal at reactor containing an extraneous source is 
interesting from the safety view-point in the reactor 
start-up process and from the requirement of finding 
possible low powers for the reactor experiments.

The experiment is carried out at lO^1 day after the 

reactor is shut down followed continuously 100 hours 
operation at 500 kW. The two safety rods are 
withdrawn completely, the four shim rods are placed at 
29.5 cm in depth and the regulating rod at 35 cm. The 
reactor power is 6.7 JO"** Pn, where Pn is 500 kW 

nominal power. The reactor power is increased by 
shooting a cadmium sample from the reactor core using 
a pneumatic transfer system. It is equivalent to an 
insertion of a positive reactivity of p = 4.67 % pe^-. 
Neutron densities in subcritical states increase and 
attain the stable values They are well described by the 
subcritical reactor kinetics theory (Loren C Schmid,(3)).

The critical state of the reactor is observed when the 
rour shim rods are located at 28 4 cm in depth and the 
'egulating rod is withdrawn continuously from the 
depth of 40 cm to the depth of 20 cm. The lowest 
:ritical power depends on the beginning depth of the 
egulating rod The values obtained are from 1.6 10'5

Pn to 4.2 10‘5 Pn for the beginning depths from 40 cm 

to 60 cm of the regulating rod.

The range of the lowest critical pow»«R depends again 
on the time after the reactor is shut down (Fig 4). They 
have the values from (0.54-1.2) 10" Pn, i.e. 25 W 4- 
60 W, to (1.1 4- 1.6) 10"5 pn> i.e. 5.5 W <- 8 W, from 
4th day t0 13th day after reactor shut down.

Time after reactor chut - down (day)

Fig. 4 Lowest critical power level* as functions of 
time after the reactor is shut down 

% Expriment
____  Calculation value of Pc so that (he first term on
the right hand of the formula (2) equals 300% (a), 
100% (b), 10% (c) and 5% (d) of the second one during 
1000 sec.

In the just critical situation, k = 1, the neutron density 
or power level will rise at a linear rate, as shown by 
Loren C Schmid (3),:

ps
P(t) =__________________ _ t + pc (1)

6

1 + ^2 Pm /
m»l

where Ps = (1.93 + 0.01) 10"8 f»n is extraneous 

source power, Pc is critical power without extraneous 
source, l is prompt neutron lifetime, pm and Xm are 
delayed neutron fraction and decay constant for the. i1^1 
precursor.

10 days after reactor shut-down the reactor power can 
be expressed as follows :

P(t) = 5 10"8Pnt + Pc (2)

This formula shows that during the firti 1000 sec in the 
critical state the first term on the right hand is greater 
than 300% of the second one, which k about 1.6 10'5 
Pfi. It means that the reactor power it not just constant 
but rapidly increases . In order to dv.rease the power 
variation to the value of less than 10% is necessary to 
take critical power of 5 10"5 Pn.
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In Fig 4 the critical power is plotted against the time 
after the reactor is shut down so that the first term on 
the right hand of formula (2) equals 300% (curve a), 
100% (curve b), 10% (curve c) and 5% (curve d) of the 
second one during 1000 sec. From Fig 4 it is obvious 
that the lowest critical power measured varies in the 
range of (100 4- 300)% during 1000 sec. These 
variation limits are too large for practical use of the 
reactor. They have to be reduced to the values of about 
(5 4-10) % to sustain the stable criticality of the 
reactor. Therefore critical power must be chosen 
greater than 10'^ Pn or 500 W.

5 . SPATIAL DISTRIBUTION OF THE 
THERMAL NEUTRON FIELD

The replacement of the former TRIG A reactor core by 
the new core with the neutron trap at center and the 
beryllium additional reflector layer at periphery makes 
the active core in a rim shape with 4.3 cm inner radius, 
18.9 cm outer radius and 60 cm height . So the 
thickness of the active core is 14.6 cm that is equal to 4 
4-5 fuel element sizes. The active core is surrounded by 
the beryllium and graphite reflectors. The material 
above and under the active core consists of aluminum 
and water. This narrow active core contains 89 fuel 
elements, 7 control rods and 3 irradiation facilities. 
Therefore the spatial distribution of the neutron field 
will be complicated.

Measurement of thermal neutron field distributions is 
usually carried out at few watts power by activation of 
the foils put on the fuel element surface. It is difficult to 
apply this method for the Dalat reactor because of high

Cell 7-3

Cell 7-9 ,

Cell 1-4

Fig. 5 Axial distributions of the thermal neeutrons at 
the cells 7 - 3, 7 - 9 and I - 4 with different depths of 
control rods

critical power as mentioned in Section 4. Therefor; 
measurement is carried out by foil activation in wate 
columns or on surface of a dummy element made o 
plexiglass instead of fuel element. In the experimen 
the Cu foils are irradiated at 2.5 kW in 15 minutes.

In Fig 5 are presented the axial distributions of thi 
thermal neutrons measured in water columns at cells 7 
3, 7-9 and 1-4 for some combinations of the contro 
rod's depths. Fig 5 shows that almost of the curves an 
in dissymmetrical shapes which can be expressec 
analytically by Tong and Weiman (4) as follows :

cT>(z) = [ A + C(z-30) ] cosBz(z-30) (3)

where A, C, Bz are constants, C = 0 for symmetrica 
curve and Bz is the axial buckling.

The radial distribution of the thermal neutron, 
measured on surface of a plexiglass rod placed at cell: 
4-1, 4-10, 5-2, 5-3, 5-10, 6-3, 6-4, 6-5, 6-8, 6-9, 6-10 i; 
shown in Fig 6. It is obvious that the curve ha 
maximum value at close by the neutron trap, decrease: 
rapidly within the first fuel element, after tha 
decreases slower and finally raises at close by the 
beryllium reflector. This distribution can be expressec 
by the two-group neutron diffusion theory for a ban 
reactor , as shown by Murray (5) :

<D(r) = a| J0[a2(r-a3)] + a4 I0[a5(r-a3)] (4

where Jq and Iq are Bessel functions, a^a^ an 
constants.

The constants in expressions (3) and (4) are determinec 
from experimental data by the least square fitting

At the center of the core (R = 0) 
<t> = 3 36 ± 0.04

Fig. 6 Radial distribution of the thermal neutrons ii 
the reactor core 

o Experiment
________ Calculation , expression (4)
............ Calculation , function a\ Jo[a2(r- a3)] in (4)
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method So geometrical parameters of the core such as 
inhomogeneous coefficients of neutron field in axial 
and radial directions, axial and radial bucklings, 
effective height and effective radius, axial and radial 
extrapolated distances are obtained (Table 2). In Table 
2 are also presented the calculation values ( Technical 
design (6) and Nguyen Phuoc Lan , etal, (7)) of the 
above-mentioned parameters which are well agreed 
with the experimental results.

Table 2 Geometrical parameters of the core

Parameters Radial Axial
Inhomogeneous

coefficient
1.77 ± 0.11

1.71(a); 1.74(b)
1.32 ± 0.01 

1.35 (a,b)

Buckling, m‘^ 84.6 ± 5.5 
84,6 (b)

16.6 ± 0.6 
16.4(b)

Effective size,
cm

27.6 ± 1.0 
26.2 (b)

77.0 ± 0.9
77.7 (b)

Extrapolated 
distance, cm

8.7 ± 1.5 
8.8(b)

8.5 ± 0.5 
8.8(b)

Note : (a) Calculation result from Technical design,(6) 
(b) Calculation result from Nguyen Phuoc Lan, 

et al, (7).

6 TEMPERATURE COEFFICIENT OF 
REACTIVITY

For the light water moderated reactor, temperature 
coefficient of reactivity is defined as the ratio arp — 
dp / dT. where dp is reactivity variation corresponding 
to the water temperature variation dT in the core.

For the Dalat reactor aj is measured at 0.25 kW in the 
temperature range of (20 4-40)°C by compensation 
method using the regulating rod. The result is as 
follows:

otT = - (0 8 ± 0.1) 10-4/°C for T = (20 4- 30)°C

cxT = - (1.2 ± 0.1) 10-4/°C for T = (30 4- 40)°C

This experimental value is not in contradiction with the 
designed value aj = -1 10'4/°C (Technical design 

(6)), and falls within the range of reactivity temperature 
coefficient for research reactors moderated and cooled 
by water, as indicated in Directories of Nuclear 
Reactors (8).

Although aj is relatively large for water moderator, its 
temperature effect does take place with some delay, 
whereas reactivity coefficient due to variation of 
temperature inside fuel elements gives rise to a more 
instantaneous effect. For WR-M2 type fuel of the 
Dalat reactor, as shown by Technical design (6), this 
value is -0 02 I0"4Z°C , while for TRIGA type fuel,

Technical Foundation of TRIGA (9) shows that it 
equals -1.3 10-4/°C. Therefore TRIGA reactors possess 

intrinsic stability much greater than the present reactor.

7 POSITIVE REACTIVITY INSERTION 
BEHAVIOR

Nuclear reactor is a controlled system with feedback. 
From the dynamics point of view, it is then important 
to study stability property of the reactor under 
modification of dynamic parameters.

For its behavior studied during a short time after a 
rapid insertion of positive reactivity, Xenon poisoning 
effect can be neglected, reactor stability is then assured 
only by negative feedback of moderator and fuel 
temperature effects.
For the Dalat reactor, stability has been studied at 0.1 
kW for different values of reactivity inserted by 
withdrawing control rods. A positive reactivity 
insertion makes reactor power to increase versus time 
and after about 10 minutes to attain the stable power 
level due to negative feedback of water and fuel 
temperature effects. The dependence of attained stable 
power levels on inserted positive reactivity is shown in 
Fig 7.

P (kW)

0 0.1 0.2 0.3 0.4 0.5
P (Peff)

Fig. 7 Dependence of stable power levels attained on 
positive reactivity inserted.

From this study the safe operation specification is 
confirmed , i.e. in order to avoid reactor shut-down by 
over-power condition it is necessary to limit positive 
reactivity inserted to value of less than 0.4 (3ejj.

Furthermore, as already mentioned in Section 6, the 
TRIGA reactor has a stability behavior better than the 
Dalat reactor because of TRJGA's higher negative 
instantaneous temperature coefficient. Indeed, it was 
shown by Technical Foundation of TRIGA (9) that 
the TRIGA reactor can support inserted positive 
reactivity of 1 peg* resulting in reactor period of 1 sec 
and reaching only 120 kW stable power level after 
having attained several hundred MW.
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8 SURFACE TEMPERATURES OF FUEL 
ELEMENTS

Dalat reactor is a pool reactor cooled by natural 
convection. On the thermal hydraulic point of view, 
500 kW is a relatively high power for natural 
convection cooling. However, cooling was enhanced by 
the addition of an extracting well during the 
reconstruction work (Fig 1).Water boiling at a fuel 
element surface is harmful and can lead to a dangerous 
situation. Consequently, the surface temperature of a 
fuel element must be maintained well below the 
temperature at which surfade boiling occurs. Therefore, 
cqreful measurement of fuel surface temperature can 
assist both nuclear safety and prospective power 
upgrading studies.
The device used to measure the fuel surface 
temperatures consists of an instrumented fuel element 
(TFE) together with an electronic measuring system. 
The IFE is of the same WR-M2 type . Nine Chromel - 
Coppel thermocouples (Tj 4-Tg) are incorporated in 
the aluminum cladding of the hexagonal outer tube 
with the different depths in the core ( Tj: 7 cm; T%: 12 
cm; T3: 17 cm; T4: 30 cm; T5: 45 cm), two are 
incorporated in the aluminum cladding of the two 
cylindrical inner tubes ( Tg: 9 cm, in the middle tube 
and T7: 9 cm, in the innermost tube) and the remaining 
two others are in direct contact with water to measure 
the core coolant inlet and outlet temperatures (Tg: -4.5 
cm and T9 : 65.5 cm) .

Temperatures are measured at selected locations in the 
reactor core. At each of these locations, the normal fuel 
element is replaced by the IFE and the thermocouple 
temperatures monitored. At each location, 6 different 
measurement sets could be obtained by revolving the 
hexagonal IFE around its axis by angle of 60°.

The axial fuel surface temperature distribution is 
determined for the outer hexagonal tube of the fuel 
element at cells 9-6, 6-5 and 5-1. The measured 
temperatures Tj 4- T5 along the core height are shown 
in Fig 8 for various reactor power levels between 50 
kW and 500 kW. All curves have the same shape with 
the maximum temperature position near the center of 
the core. The effect of shim rods is shown in Fig 8, 
where both the temperature distributions and maximum 
temperatures vary slightly with shim rod depths.

The radial distribution of surface temperatures over the 
reactor core is obtained from measurements carried out 
at cells 5-1,6-3, 5-6 and 9-6. Fig 9 shows the T4 data 
(i.e. maximum temperature at each fuel element 
location) for a reactor power of 500 kW. It can be seen 
that the highest T4 temperature is reached at one of the 
hottest positions in the core (cell 5-6) close to the 
neutron trap. The radial temperature distribution within 
the fuel element is obtained from data from 
thermocouples T%, Tg and T7 which are located on the 
three separate fueled sections of the IFE ( Fig 9 for cell

5-6). This figure indicates that the highest temperature 
is on the outer surface near the neutron trap.

Temperature (°C)

P=400 kW o,

P=300 kW

P=200 kW

P=100 kW

P=50 kW

depth (cm)

Fig. 8 Axial distribution of fuel surface temperature 
at cell 9-6 for various values of reactor power, 

o 4 shim rods at the same depth 
e 4 shim rods at difference depths

Neutron trap

Fig. 9 Radial distribution of fuel surface temperature 
a. Variation of temperature T4 with position at reactc 
power of 500 kW. b. Temperatures Tj, Tg, T7 at cel 
5-4 at reactor power of 500 kW.
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The data obtained at different locations in the core 
indicate that cells 5-6 and 9-6 are at the hottest 
positions, and the surface temperature at these positions 
reaches a maximum of about 99°C on the hexagonal 
outer tube for the reactor operating at nominal power. 
This surface temperature coincides with the calculation 
value of 98.7°C, as shown by Ngo Phu Khang (10), and 
is much less than the value of 220°C of the TRIGA 
reactor ( Technical Foundation of TRIGA, (9)).

Fig 10 shows the dependence on power level of fuel 
surface temperature T4 and water temperature Tg at 
cells 5-6 and 6-3. It is clear that these temperatures 
increase proportionally with the reactor power at lower 
power levels and change more slowly at larger power 
levels.

Temperature (°C)

Cell 5-6

Cell 6-3

P(kW)

Fig 10 Distribution of fuel surface temperature T4 and 
water temperature Tg at cells 5-6 and 6-3 versus 
reactor power levels.

o Fuel surface temperature 
• Water temperature.

9 CONCLUSION

The main results of the investigation of the basic 
reactor physics characteristics of the Dalat nuclear 
research reactor are as follows :

induced by Be(y,n) reactions is 0.49 % peg- and the 
extraneous neutron source left after the reactor is shut 
down gives the neutron flux of about (10^ 4- 10%) 
n/cm 2/sec.

b. Lowest critical power levels of the reactor must be 
chosen greater than about 500 W due to the existence 
of the extraneous neutron source.

c. The relative axial and radial distributions of 
thethermal neutrons are measured. The geometrical 
parameters of the core are well agreed with the 
calculation results.

d. The Dalat reactor possesses an intrisic 
stabilitymuch less than the TRIGA reactor because the 
instantaneous temperature coefficient of reactivity and 
the safe positive reactivity inserted of the Dalat reactor 
( -0.02 10'4/°C and 0.4 Peff) are much less than those 
of the TRIGA reactor (-1.3 10"^/°C and 1 Pe£f).

e. The maximum fuel surface temperature at 
thehottest cell in the core can reach nearly 100°C 
which is the safe limit for the Dalat reactor operating at 
500 kW nominal power. This surface temperature is 
less than that of the TRIGA reactor ( 220°C).

10 ACKNOWLEDGEMENTS

The authers are indebted to Prof. Pham Duy Hien, Dr. 
Tran Ha Anh, Dr. Vu Hai Long, Dr. Nguyen Tac Anh 
and Dr. Nguyen Phuoc Lan for usefull discussions. It is 
a pleasure to acknowledge the efforts of the reactor staff 
and the equipment assistance from the Nuclear Physics 
Department and Radiation Protection Department.

11 REFERENCES

1 Keepin S R, 1965, Physics of Nuclear Kinetics, 
Add Son-Wesley Publishing Company, Inc.

2 Krasin A K et al, 1958, Proceedings of 2nd 
Geneva Conference , Vol 12, p 571.

3 Loren C Schmid, 1971, Critical assemblies and 
reactor research, John Wiley & Sons, Inc.

4 Tong L S and Wei man J, 1970, Thermal 
Analysis of PWR, ANS .

5 Murray R I, 1957, Nuclear Reactor Physics, 
Englewood Clifts, N.J. Prentice-Hall, Inc.

6 Technical design for reconstruction and expansion 
of the Dalat research reactor, 1979, Vol 3 (in 
Russian)

7 Nguyen Phuoc Lan, Ha Van Thong, Ngo Quang 
Huy, Do Quang Binh, 1992, Calculation of fuel burn-

a. The effective fraction of the delayed photoneutrons

127



up and fuel reloading for the Dalat nuclear research 
reactor. To be published.

8 Directory of Nuclear Reactors. 1959, Vol 2, IAEA, 
Vienna

Directory of Nuclear Reactors, 1960, Vol 3, IAEA, 
Vienna .

9 Technical Foundation of TRIGA, 1958, GA-471.

10 Ngo Phu Khang, 1987, Study of thermal hydraulic 
characteristics and possibility of power upgrading of 
the Dalat nuclear research reactor. Int. Rep., Dalat , 
Vietnam.

ABSTRACT The Dalat nuclear research reactor was reconstruced from the TRIGA Mark II reactor built in 1963 
with a nominal power of 250 kW The new reactor reached its planned nominal power of 500 kW for the first time 
in-February 1984. The undismounted components of the former reactor are the reactor tank, the concrete shielding, 
the graphite reflector, the beam tubes and the thermal column. The new components consist of the reactor core, the 
cooling system and the reactor control system. The new reactor core is loaded with the Russian-made WR-M2 fuel 
elements of uranium-aluminum aloy An amount of beryllium material is placed at the center of the core, forming a 
neutron trap, and at the periphery of the core, forming a supplementary reflector.

The Dalat reactor has some characteristics distinct from the former TRIGA reactor. Investigation of its 
characteristics is carried out by the determination of the reactor physics parameters. The experimental results were 
obtained for the effective fraction of the delayed photoneutrons, the extraneous neutron source left after the reactor is 
shut down, the lowest power levels of reactor critical states, the relative axial and radial distributions of thermal 
neutrons, the safe positive reactivity inserted into the reactor at a deep subcritical state, the reactivity temperature 
coefficient of water, the temperature on the surface of the fuel elements, etc.

KEYWORDS Triga type reactor, reactor physics, characteristics, neutron flux, thermal neutrons, distribution, 
reactivity, delayed neutrons, criticality, cooling system, temperature, fuel elements, control rods, reflector.
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ABSTRACT

Time spectrum of delayed neutrons of the Dalat nuclear research reactor is 
measured and analyzed. It corresponds to a shut-down neutron fluxes of about 10^ 
4- 10& n/cm^/sec after 100 hours continuous reactor operation at steady power level 
of 500 kW. Data processing of experimental time neutron spectrum gives 16 
exponents, of which 10, resulting from photoneutrons due to (y,n) reactions on 
beryllium used inside the reactor core, are obtained by using successive exponential 
stripping fitting method. For the Dalat reactor, the effective delayed photoneutron 
fraction relative to the total effective delayed neutron fraction is f3®eeff= 0.49 % f3eff 
for a beryllium weight relative to fuel of rngg/mn = 8.5. This result is
acceptable in comparison to those obtained for other Be-U^-> media [1],[5].

1. INTRODUCTION.

The delayed neutrons in a reactor come from the two contributions : the 
delayed fission neutrons and the delayed photoneutrons. The delayed photoneutrons 
are usually induced by (y,n) reactions due to the interaction of the gamma rays, 
emitted from the fission products, with heavy water or beryllium contained in the 
core. The life-times of the delayed photoneutron precursors are generally greater 
than the life-times of the delayed fission neutrons. Therefore the dynamic 
property in region of the low frequency for the reactor moderated by heavy water or 
beryllium may have the higher inertial property in comparison to that of the reactor 
without photoneutrons [1],

The Dalat reactor belongs to reactors using fuel, moderated and cooled
by water. The core contains an amount of beryllium in a neutron trap and an 
additional beryllium reflector. Therefore the determination of the photoneutron 
contribution is useful in the study of the reactor kinetics and helps to estimate the 
intensity of the neutron source left after the reactor is shut down.
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2. REACTOR CORE DESCRIPTION

The reactor core has a cylinder shape of 60 cm height and 43.6 cm radius and is 
surrounded by the old graphite reflector of 34.6 cm thickness. The core is loaded 
with 89 fuel elements of WR-M2 36% enriched lj235 type, 6 boron carbide control 
rods (two safety rods and 4 shim rods), a stainless steel regulating rod, 3 irradiation 
channels, a neutron trap and an additional beryllium reflector (Fig. 1). The neutron trap 
is placed at an area of 7 central fuel elements and is made of a beryllium block having 
a water column of 65 mm diameter inside. The 13^35 weight in the core is 3.55 kg and 
the beryllium weight is 30.2 kg, therefore the mass ratio is mgg/my = 8.5.

3. EXPERIMENTAL METHOD

Parameters of the delayed photoneutrons are determined by the reactor shut
down method [2]. It is proposed that the reactor is operating at Nq power and a 5k 
negative reactivity is inserted at T moment. So the power immediately decreases to 
the N j value according to the following expression:

N] Peff
—— ~ ----- ——— (1)

N0 Peff+ 5k

where beff is the effective delayed neutron fraction, and after that it decreases with 
time.

The time spectrum of the delayed neutrons may be analyzed by a sum of 
exponential functions :

N(t) 6 -X'j t n -X'j t
----- - = E a'j e + Z a’j e (2)
Nq i=l j=l

where a'j and X'j (i=l,...,6) are expansion constants for 6 groups of the delayed 
fission neutrons and a'j and X'j (j=l,...,n) are constants for the n photoneutron 
groups. These constants are related to the partial effective fractions beff,i and beffj 
and decay constants Xj and Xj (i=l,...,6 and j=l,...,n) by the following formulas
[5]:

Peff.iG)
a'i(j) =------------------- ( I - e ) (3)

Peff + 8k

Peff.iCj)
X'i(j) = Xi(j) (1-------------------- ) <4>

Peff + 8k

where

130



Lo
g 

( N
(t)

/N
0)

i

Fig. 1 Reactor core arrangement 
1. Fuel element; 2. Beryllium reflector 3. Neutron 
trap ; 4. Wet channel ; 5. Pneumatic transfer tube ; 
6. Safety rod ; 7. Shim rod ; 8. Regulating rod ;
9. Graphite reflector ; Cell 1-1 : The first cell of the 
core, cell i-j denotes the cell at i^1 row and j1^ column.

lo 20 30 xo 50 t(min.)

Fi%. 2

o

Time spectrum of the delayed neutrons 
after reactor shut down. 

Experimental data.
Fitting curve for 6 fission neutron 
components and 10 photoneutron components. 
Calculation curve for 6 fission neutron

components.
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n

3efT= S 3eff,i + 2 PefFj (5)
i=l j=l

So using the experimental time spectrum and the least square fitting method 
one may determine the parameters 3eff,i » 3effj » ^i and Xj. The well known [1] 
parameters 3effi and Xj can be used for checking the calculation method. 
Therefore in this work 3effj and Xj are parameters to be determined.

4. EXPERIMENTAL RESULTS

The reactor shut-down experiment is carried out by a simultaneous insertion of 
the 4 control rods after 100 hours of continuos operation of the reactor at 500 
kW power. Then a negative reactivity of 5k = 1 l(3effis inserted.

The time spectrum of the delayed neutrons is measured by using the control 
system, AKNP, of the reactor. The input information to the AKNP is given by the 
9 ionization chambers arranged in distances of about (60 -s- 77) cm from the core 
center. These 9 ionization chambers are composed of 3 groups responsible for 3 
ranges of the reactor power as follows :

6

Group Symbol Number 
of Ionization 

chambers

Power range Ionization
chamber

Source ID 3 10'8 % N0 + lO-2 %N0 KNK-15

Middle PD 3 10-2 % N(j -r 10% Nq KNK-15

Energy ED 3 1 % N0 4- 120 % N0 KNK-3

The measurement of the delayed neutron fluxes is carried out in a large range 
of 7 orders, so all the three types of ionization chambers are used. The time 
spectrum is registered into IN-90 MCA which has two inputs working in a 
multiscale regime. The first input collects information from a ID ionization chamber in 
the first 30 sec up to 1% Nq power level and after that information from a PD 
ionization chamber. Die second input collects information from a PD ionization 
chamber started from 0.5 sec after the reactor shut-down and stops its collection at 
the power of 10"3 % Nq. Diis procedure allows to combine information from 
three ionization chambers and gives a continuous time spectrum in 64 hours duration 
(Fig. 2).
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Table 1. Experimental data on the delayed neutrons measured by different 
methods (relative to the power level before reactor shut down).

Time after 
reactor shut

down

Data obtained by various measurement methods

From ionization
chambers

Activation of 
indium foils

activation of 
copper foils

35.7 min. (3.9 ± 0.2) 10-5 (3.5 ± 0.2) 10-5

42.4 min. (3.6 ± 0.2) 10-5 (3.4 ± 0.2) 10-5 -
49.75 min. (3.3 ± 0.2) 10*5 (3.0 ± 0.2) 10-5 -
57.25 min. (3.1 ± 0.2) IQ'5 (2.9 ± 0.1) 10-5 -

1.09 h (2.9 ± 0.2) ID'5 (2.71 0.1) ID'5 -

1.83 h (2.2 ± 0.2) 10-5 - (2.3 1 0.2) ID'5

10.03 h (4.5 ± 0.3) 10-5 (4.4 1 0.2) ID"6 -
13.27 h (3.1 ± 0.2) IQ'6 - (3.2 1 0.3) IQ'6

20.49 h (1.8 ± 0.1) 10-6 (1.8 1 0.2) ID'6 -
28.95 h (1.1 ± 0.1) ID'6 - (1.2 1 0.1) ID"6

30.5 h (1.0010.08)10-6 (0.9510.05)10-6 -
40.48 h (5.9 ± 0.5) 10-7 (6.21 0.4) IQ'7 -
40.58 h (6.0 ± 0.5) 10-7 - (6.1 1 0.4) 10-7

49.56 h (4.8 ± 0.4) IQ'7 (5.0 1 0.3) IQ"7 -
50.2 h (4.7 ± 0.4) IQ-7 - (4.6 1 0.3) 10-7

59.98 h (4.1 ± 0.4) 10-7 (4.3 10.2) 10-7 -
60.93 h (4.0 ± 0.4) 10'7 - (4.2 1 0.3) 10-7

The ionization chambers work in a gamma compensation regime for 
registering neutrons in the field of high density gamma rays, mainly in the very low 
power levels after reactor shut-down. In order to check the gamma compensation 
level of ionization chambers, it is useful to measure the delayed neutron spectra by 
indium and copper foils activation on the base of In ^ 5(n,y)In 116m and 
CuG3(n,y)Cuf>4 reactions respectively. In 116m has two important picks of 1097.2 
keV and 1293.5 keV with the branch coefficients of 57.3 % and 84.4 % 
respectively. Cu&4 has the picks of 511 keV and 1345 keV with the branch coefficients 
of 37 % and 0.5 % respectively. Indium foils are irradiated at dry 7-1 channel by 
using a pneumatic transfer system. Copper foils are irradiated at the neutron 
trap. Equipment for measuring gamma spectra is GeHP detector of 70 cm^ volume in 
connection to CANBERRA MCA. Table 1 presents the results obtained by using the 
ionization chambers and by activating the indium and copper foils.

From Table 1 it is seen that the experimental data from the 3 different 
measurements are well agreed with each other within error ranges, that means a 
good compensation of ionization chambers.

5. ANALYSIS OF EXPERIMENTAL DATA

From Fig. 2 it is obvious that the delayed neutron spectrum decreases rapidly 
in the first 10 minutes and after that slower decreases and remains about 10"^ 10_7
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of nominal power during 60 hours. Calculation curve of delayed fission
neutrons (Fig.2) shows that at 10 minutes after reactor shut-down the counts of 
delayed fission neutrons may be neglected in comparison to those of 
photoneutrons. In consequence, the neutron source left after reactor shut-down 
is practically composed of the only delayed photoneutrons and has neutron flux 
densities of about (10^ I0&) n/cm^/sec.

Parameters in the expression (2) for the delayed neutron groups are determined 
from the experimental time spectrum by using the least square fitting method [3]. In 
reference [1] the time spectrum of the delayed neutrons composed of 15 exponents, 
of which 6 exponents correspond to the delayed fission neutrons and 9 - the delayed 
photoneutrons. The life times of the precursors of the delayed neutrons lie in the 
range from 0.2 sec to 12.8 days, therefore it is difficult to fit all of the parameters at 
the same time. This difficulty is overcame by using a successive exponential stripping 
method, in which the time spectrum of the delayed neutrons is divided into the 
sections having the equal approximation values of precursor's life times. Data 
processing is carried out section by section started from the right end of the spectrum 
to the left.

Table 2 shows the parameters of 6 groups of the delayed fission neutrons and 
table 3 presents 10 groups of the delayed photoneutrons obtained by the above 
mentioned method of the spectrum analysis. From table 2 it is obvious that if 3eff= 
(3 = 0.66 % ( = 0.64 %± 15.17 10-5 ) then partial fractions peffj (i=l,2,...,6) of this 
work well agree with those of G. R. Keepin's data [1] within error ranges. It means 
that the used procedure of analysis is available. The spectrum analysis allows to obtain 
10 delayed photoneutron groups, 8 of which have the life times coincided with those of 
Keepin's data (Table 3). The 2 groups of 6.8 hours and 2.8 hours life times of this 
work (see reference [4]) correspond to the group of 3.11 hours life time in reference 
[1].

Table 2. Parameters of 6 delayed fission neutron groups.

No E
(KeV)

T1/2 

(sec)
PefiF.i x lo3 

(Peff) Peff,i x *°5 Pj xloS

1 250 55.7 33 ± 3 22 ± 2 21

2 560 22.7 219 ± 18 143 ± 12 140
3 430 6.2 198 ± 13 130 ± 9 125
4 620 2.3 385 ± 20 252 ± 13 253
5 420 0.6 117 ± 8 11 ±5 74
6 - 0.2 42 ± 2 28 ± 1 27

Total (99.5 ± 3) (0.65 ± 0.02) 0.64 %
% Peff %
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Table 3. Parameters of 10 delayed photoneutron groups.

N
0

Precursors Tl/2j PBeeffj 105 
(Peff)

T1/2

Keepin [1]
|3j * 105 

Keepin [1]

1 Ba-140 12.8 d 1.54 ± 0.12 12.8 d 0.057
2 Te-132 77.7 h 0.62 ± 0.04 77.7 h 0.038
3 Te-131 and others 12.) h 1.95 ± 0.13 12.1 h 0.260
4 1-135 6.8 h 9.81± 0.76 3.11 h 3.20
5 Kr-88, La-142, Kr-87 2.8 h 18.6 ± 1.0 3.11 h 3.20
6 Te-134, 1-134, Br-84 43.2 min 46.5 ± 2.0 43.2 min 0.36
7 Xe-138, Rb-89, Mo-101 15.5 min 20.6 ± 1.2 15.5 min 3.68
8 Sb-I33, Kr-89,Rb-90 3.2 min 112 ± 9 3.2 min 1.85
9 1-136, Br-87 1.3 min 146 ± 11 1.3 min 3.66
10 Kr-90, Se-87 0.51 min 136 ± 11 0.51 min 2.07

Total effective delayed neutron fraction beff consists of two parts: |3^ejQf» 
effective delayed fission neutron fraction and (3®eeff, effective delayed photoneutron 
fraction. Experimental data of delayed neutron spectra have been time analyzed [1] 
into 15 groups, of which 6 groups are fission and 9 others from (y,n)
reaction on beryllium. It resulted that in media composed only of beryllium, 
delayed photoneutron fraction is 15.175 10"5, j.e. with known delayed neutron 
fraction from fission pU = 0.0064, one has

pBe = 2.31 %; pU = 97,69 %

In an experiment on rapid shutdown realized on a critical assembly with 
cylindrical core composed of enriched uranium (10% and beryllium
reflector, (mgg/my = 1777 4- 3112 ) [2], one obtained delayed photoneutron 
fraction = 14.808 10"^, so

pBe = 2. 26 %; pu = 99.74 %

Tliese data show that the effective fraction of delayed 
photoneutrons increases with mgg/m^j ratio as illustrated in Table 4.

Table 4. Dependence of pBe^p^cm mgg/m^j ratio.

mBe/mU PBeefP'Peff Reference

8.5 0.49 % This work
1777 ~ 3112 2.26% [5]

Pure beryllium 2.31 % [1]
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6. CONCLUSION

The main result of the investigation of the delayed photoneutrons in the Dalat 
reactor is as follows :

1. The time spectrum of the delayed neutrons is determined in 64 hours duration 
after the reactor is shut down following 100 hours of its continues operation.

2. For about 10 minutes after reactor shut-down, the delayed neutrons are 
composed of the only delayed photoneutrons induced by the interaction of the gamma 
rays, emitted from the fission products, with beryllium contained in the core. The flux 
densities of the delayed photoneutron source are about (10^ 4- 10&) n/cnAsec.

3. The time spectrum of the delayed photoneutrons is analyzed into 16 components 
including 6 components of the delayed fission neutrons and 10 components of the 
delayed photoneutrons.

4. The total effective fraction of the delayed photoneutrons is (3®eeflf = 0.49 %
(3efp TIiis result is acceptable in comparison to those obtained for other Be - 5
media.
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ABSTRACT

This paper presents the experimental methods for determining critical states 
of the Dalat nuclear research reactor containing an extraneous neutron source 
induced by gamma ray reactions on beryllium in the reactor. The lowest critical 
power levels are measured at various moments after the reactor is shut down 
following 100 hours of its continuous operation. The power levels vary from (0.5 - 
1.2)xl0' Pn, i.e. (25 - 60) W to (1.1 - 1.6)x 10*5Pn, i.e. (5.5 - 8) W at corresponding 
times of 4 days'to 13 days after the reactor is shut down. However the critical 
power must be chosen greater than 500 W to sustain the steady criticality of 
the reactor for a long time.

1. INTRODUCTION

The Dalat nuclear research reactor was reconstructed from the former TRIGA 
MARK II reactor. In the new core is placed about 30 kg of beryllium material that 
induces an extraneous neutron source via Be(gamma,n) reaction [1]. The 
presence of this extraneous neutron source increases the lowest critical power 
levels of the reactor. Determination of the lowest critical power levels is 
interesting from the view-point of safety in the reactor start-up process and 
from the requirement of finding possible low critical powers for the reactor physics 
experiments.

In this paper are presented the method for determining the reactor criticality 
and the lowest critical power levels of the Dalat nuclear research reactor.

2. EXPERIMENTAL METHOD

It is assumed that the reactor should he kept at a suhcritical state with a 
multiplication factor ko <1. Then the asymptotic neutron density No is related to
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the neutron density of the extraneous neutron source Ns by the following formula :

No = Ns/<5ko (1)
where 3ko = 1 - kn (2)

do is the excess multiplication factor of the subcritical reactor.

After the insertion of a positive reactivity p, the neutron density increases and 
reaches a new asymptotic value. The i,h and (i+ l),h insertions of a positive reactivity 
give the following asymptotic subcritical neutron densities :

Ni = Ns/dki (3)
Nj+i = Ns / <5 kj+1 (4)

where 6 kj = 1 - (ko -1- v>) -d ko - \p (5)
<3 ki + i =d ko - (i + 1 )p (6)

The (i-h2)lh insertion of positive reactivity gives the new state of the reactor 
with the new density Nj+2. This new state is subcritical if Ni+i < 2Nj, critical if 
Nj+i = 2Nj, and supercritical if Ni+i> 2N; [2]. In the case of Ni+i > 2Nj, the 
neutron density Ni+2 at first slowly increases in subcritical state and after passing 
the criticality. It has an exponential form in the supercritical state :

Log N(t) = const + t/T (7)

where T is the reactor period. So in semilog plot, the beginning moment of the 
linear function (7) is the moment of reactor criticality.

3. SUBCRITICAL STATES OF REACTOR

The experiments are carried out in March, 1992 at 10 days after the reactor 
was shut down following 100 hours of its continuous operation . The two 
safety rods are withdrawn completely, the four shim rods are placed at 295 mm 
in depth and the regulating rod is at 350 mm. The reactor power is 6.7xlO*6Pn, 
where Pn is the 500 kW nominal power. The reactor power is increased by shooting 
a cadmium sample from the reactor core using a pneumatic transfer system. It 
is equivalent to the insertion of a positive reactivity of p — 4.67% where y?eff 
is the total effective delayed neutron fraction.

Fig. 1 shows the neutron density response to the positive step changes in 
reactivity. The density curves in subcritical states increase and reach the asymptotic 
values. They are well described by the subcritical reactor kinetics theory [3] with 
the positive step changes in reactivity of/? = 4.67% /5eff-

Table 1 presents the asymptotic neutron densities Ni, the ratios Nj/Nj-i and 
the reactor powers Pj for 6 reactivity insertions. From Table 1, it is obvious that 
Na/Ns > 2, so in the 7 th insertion of the 4.67% 0eff positive reactivity, the reactor 
will reach the supercritical state.
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The subcritical excess multiplication factor <3ko and the neutron density of 
extraneous source Ns are determined by the least square fit method for the 
function :

Ns/p
Ni =------------- (8)

(>k()/p - i

i = 1,2,3,4,5,6.

The obtained results are as follows :

dko - (6.041 ±0.018 )p 
Ps = (1.93 ±0.01 )xlO"S P„

where Ps is the power corresponding to the extraneous neutron source Ns.

Table 1. Neutron densities and reactor powers in subcritical states.

i Nj (cps)
N,/Ni + 1 Pidn-’pj

0 945 ± 5 0.850 ±0.001

l l i20 ± l() 1.185 ±0.002 1.01 ±0.01

2 1400 ± 10 1.250 ± 0.002 1.26 ±0.01

3 1840 ± 10 1.314 ±0.002 1.66 ±0.01

4 . 2792 ± 10 1.517 ± 0.002 2.52 ±0.01

5 5426 ± 20 1.193 ±0.003 4.88 ± 0.02

6 NonasymptoOc value >>2 ------------------------- ----------

4. DETERMINATION OF THE LOWEST CRITICAL POWER LEVELS

The criticality of the reactor is determined by withdrawing continuously the 
regulating rod at a speed of 2.8 mm/sec from the depth of 400 mm to 200 mm while 
the four shim rods are located at the depth of 284 mm. The criticality is obtained 
in semilog LogN(t) function (Fig. 2) by determining the starting point of the linear 
part of the curve.

The lowest critical powers depend on the beginning positions of the regulating 
rod. The obtained values are in the range 1.6x10*'~Pn to 4.2x10*' Pn for the 
beginning positions of the regulating rod from 400 mm to 600 mm.

The range of the lowest critical powers depends on the measurement 
moment after the reactor is shut down. Fig. 3 shows the ranges of the lowest critical 
power levels as a function of time. They have the values from (0.5 - 1.2)xl0*4Pn, 
i.e. (25 - 60)W to (1.1 - 1.6)xl0"5 Pn, i.e. (5.5 - 8)W at corresponding times of 4 days 
to 13 days after the reactor is shut down.

In the just critical situation, when the multiplication factor of the reactor 
k = 1, the neutron density or power level will rise at a linear rate [3] :
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P(t) =
Ps

(9)■t + Pc
6

m — |
where 1 : prompt neutron lifetime, : effective delayed neutron fraction and
decay constant of the m,h neutron group, Pc : critical power of reactor without 
extraneous source.

At the moment of 10 days after the reactor is shut down, the formula (9) can be 
expressed as follows :

P(t) = 5x 1 ()'SP„ t + Pc (10)

In Fig.4 is illustrated the expression (10) together with the experimental data, 
where Pc = 1.6x10*'*' Pn is considered as 100% at the starting moment t=0. From 
Fig. 4 it is seen that during 10"\sec the first term on the right hand of the formula 
(10) is greater than the second one by 300%. It means that the reactor power is 
not just constant but rapidly increases. In order to decrease the power variation 
smaller than 10%, it is necessary to choose the critical power level of 5xlO‘4Pn.

In Fig. 3, the critical powers are plotted versus the time T after the reactor is 
shut down so that the first term on the right hand of the formula (9) equals 300% 
(curve a), 100% (curve b)u 10% (curve c) and 5% (curve d) respectively of the 
second one during the 10 sec. From Fig. 3 it is obvious that the lowest critical 
power levels measured vary in the range of (100 - 300)% during the first 10* sec.

The power variation of (100 - 300)% are too large for practical use of reactor. 
They must be reduced to the values of about (5 - 10)% to sustain the steady 
criticality of the reactor. Therefore, the critical powers must be chosen greater than 
Hp'Pn or 500 W.
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ABSTRACT

The perturbation effect of the thermal neutron field of the Dalat nuclear 
research reactor is investigated when a fuel element is replaced by a water column or a 
plexiglass rod. In consequence, it is possible to replace the measurement of the 
relative distribution of the thermal neutron field on the surface of fuel element by that in 
the water column or in the plexiglass rod.

1. INTRODUCTION

The relative distribution of the thermal neutron field in the reactor core is often 
measured by the method of neutron activation of foils placed on the surface of fuel 
elements . This method of the measurement was carried out at power levels of a few 
watts in the physical start-up stage of the Dalat reactor but can not be applied in the 
course of operation of the reactor because the existence of the delayed photoneutron 
source [1] keeps the minimum critical power level at about 500 watts [2]. Therefore, 
finding another condition for measuring the distribution of the thermal neutron field in 
the core of Dalat reactor is necessary.

According to [3], in a heterogeneous reactor a replacement of the fuel element by 
another material causes a perturbation which creates a change of the distribution of the 
thermal neutron field in the core in general, and at the location of the fuel element, in 
particular. However, the relative change of both the thermal neutron density Nq on 
the surface of fuel element and the thermal neutron density N in the replaced material

A = ( N0 - N )/ N0 (1)

is constant, that does not depend on the position of the fuel element in the core but 
depends only on the type of replaced material. This conclusion will be right if the size of 
the fuel element is very small compared with the size of the core and if the 
perturbation causes a small change of the multiplication factor k of the reactor.

Constancy of A reflects a similarity of the relative distribution curves of the 
thermal neutron field on the surface of fuel element and in the replaced material. In
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consequence, it is possible to replace the measurement of the relative distribution of the 
thermal neutron field on the fuel element surface by that in the replaced material.

For the Dalat reactor, the size of the fuel element, about 3.2 cm , can not be 
considered very small compared with the size of the fuel area of the core with 18.9 cm 
outer diameter and about 9 cm inner diameter (the central neutron trap). Therefore, a 
experimental check of the neutron field perturbation and the constancy of the coefficient 
A is necessary for using the above mentioned method of measuring the relative 
distribution of thermal neutron field.

2. PERTURBATION EFFECT WHEN THE WATER COLUMN IS 
REPLACED BY THE PLEXIGLASS ROD.

2.1 Experimental method.

The Dalat reactor was reconstructed from the former reactor TRIGA Mark II , in 
which the new core was installed inside the old graphite reflector . The core (Fig. 1) 
contains 89 fuel elements, 7 control rods (2 safety rods AZj, AZ%, 4 shim rods KCj 4- 
KC4 and 1 automatic regulating rod AR), 1 neutron trap, 2 pneumatic transfer 
channels (at cells 7-1 and 13-2) and 1 "wet" irradiation channel (at cell 1-4). A beryllium 
reflector layer was installed between the core and the graphite reflector. Each fuel 
element consists of three coaxial tubes, in which the outside tube has a hexagonal cross 
section and the other tubes have circular cross sections (Fig. 2). The fuel element has an 
overall height of 86.5 cm , in which the fuel part is 60 cm high with 36 % uranium 
enrichment.

The coefficient A is determined for the core configuration of 85 fuel elements after 
taking away the fuel elements at cells 4-1, 7-3, 6-8, and 9-5. Hence, together with 
"wet" irradiation channel 1-4 we have five water columns. Determination of the axial 
distributions of the thermal neutron field at the five water columns in the core is 
carried out by neutron activation of Cu foils at power level of 2.5 kW for 15 minutes. 
The Cu foils are equally spaced 5 cm apart on one side of a thin plexiglass plate situated 
in the center of the water column. After that, at each cell the water column is replaced by a 
solid plexiglass rod of 80 cm high with the same outside size as the fuel element (Fig.3). 
Determination of the axial distribution of the thermal neutron field along the plexiglass 
rod is also carried out by neutron activation of Cu foils placed along the center line 
of the rod. Activity of the Cu foils is measured by beta counters. Reactor powers for 
different measurements are calibrated by neutron activation of Cu foils in the rotary 
specimen rack and the total counts of the three ionization chambers of the reactor 
control system.

The axial distributions of the thermal neutron field in the water column and in the 
plexiglass rod are described by the following expression [4]:

O(z) = f C + D(z-30) ]cosB(z-30) (2)
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Fig. 4. Axial distributions of the thermal neutron field at the cells 1-4, 7-3 and 6-8. 
o : In water column 
+ : In plexiglass rod
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where C, B, D are constants, z (cm) presents the reactor height counted from the top of 
the reactor.

When the reactor operates at power level of 2.5 kW, the depth of the shim rods 
KC] -f- KC4 remains unchanged, while the depth of the regulating rod AR is at 34.5 cm 
for the water column and changes from 36 cm to 38 cm for the plexiglass rod. So, the 
shapes of the thermal neutron distribution curves are different. The coefficient A is 
calculated at the depth of z = 30 cm so that it does not depend on z. Then

A = ( N0 - N )/N0 = ( C0 - C )/C0 (3)

where Nq, Co and N, C are the constants for the water column and the plexiglass rod 
respectively.

2.2 Similarity of the thermal neutron distribution cut'ves for the water column and 
the plexiglass rod.

The similarity is verified at cell 6-4 in the core configuration of 88 fuel 
elements. The depths of the shim rods KC] -r- KC4 and the regulating rod AR have the 
same values in the two measurements for the water column and the plexiglass rod. The 
two thermal neutron distribution curves are described by the expression (2). The 
constants C, B, D for the plexiglass rod and Cq, Bq, Dq for the water column are 
determined with ±5% error and equal

C = 1.485 D = 1.934 10"2 B =3.95 KT2 

Co = 0.910 D0= U98 IQ"2 B0 = 4.02 10"2

From the above data it is obvious that the coefficients B and Bq are coincident in 
error range, while the ratio C/Cq = 1.63 ±0.11 equals ratio D/Dq =1.61 ± 0.11 in error 
range. So the two thermal neutron distribution curves for the water column and the 
plexiglass rod are similar.

2.3 Coefficient A for cells 1-4, 4-1, 7-3, 6-8 and 9-5 when the water column is 
replaced by the plexiglass rod.

Figure 4 presents the experimental results and calculation curves according to the 
expression (2) for the axial distribution of the thermal neutron field at cells 1-4, 7-3 and 
6-8. From this figure we find that the thermal neutron field in the plexiglass rod is 
lower than in the water column. On the other hand, the shapes of the pairs of the 
distribution curves arc not coincident because the depths of the regulating rod AR 
are different for different measurements. The coefficient A is calculated at the depth of 
z = 30 cm according to the expression (3). Table 1 presents the calculated results of 
the constants C, Cq together with the coefficient A.
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Table 1. Measured values of the constants C, Cq and A (in relative unit).

Cell C0 (Water) C (Plexiglass) A
1-4 1.142 ± 0.011 1.038 ±0.011 0.091 ± 0.013
4-1 1.116 ± 0.022 1.021 ± 0.004 0.085 ± 0.018
6-8 1.715 ± 0.016 1.561 ± 0.014 0.090 ± 0.012
7-3 1.247 ± 0.015 1.133 ± 0.007 0.091 ± 0.012
9-5 1.490 ±0.016 1.362 ±0.015 0.086 ± 0.011

From Tabled, it is seen that the coefficients A for the five investigated cells have 
the same values in error range, in the five cells, two cells 1-4 and 4-1 lie next to the 
beryllium reflector, two cells 6-8 and 9-5 lie next to the beryllium block of the neutron 
trap and cell 7-3 lies in the middle of the core. Therefore, the coefficient A is constant, 
not depending on the position of the cells in the core. For the Dalat reactor, this 
conclusion is of great significance because the size of a fuel cell cannot be considered 
very small compared with the size of the core.

2.4 Neutron field perturbation effect when the water column is replaced by the 
plexiglass rod.

According to [3], the coefficient A is constant only when the replacement of 
the water column by the plexiglass rod creates a perturbation. To perform this, in 
measurements we must keep power levels unchanged, that is , to ensure a small 
change of the multiplication factor k of the reactor. In this work, the perturbation is 
verified by using the two following methods . Because the two methods are independent, 
it is possible to verify the perturbation effect by one of them.

1. The first method: Replacement of the water column by the plexiglass rod 
introduces a small positive reactivity p into the reactor and according to the perturbation 
theory [5], this reactivity is proportional to the neutron density square at the perturbed 
center. This proportion has the form

H
p ~ F = f <t>2(z) dz (4)

0

Table 2 presents the reactivity p, measured by using the regulating rod AR , the 
value F and the ratio F/p for the cells 4-1, 6-8 and 7-3. From Table 2 it is seen that the 
ratios F/p have the same values in error range, that is, the proportion in the expression 
(4) is satisfactory.
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Table 2. The experimental data for p, F and F/p .

Cell 4-1 6-8 7-3
P (Ppsflf) ±10% 1.9 10-2 4.5 IQ"2 2.5 IQ"2

F ±. 5% 23.6 56.0 29.1
F/p ± 12% 12.4 102 12.4 102 11.6 102

2) The second method: In [3],it is found that perturbation might cause a strong 
change of the neutron field at the position of the replaced material, but no significant 
change in the neutron field at the other places in the core. This is performed in this work. 
Indeed, when the water column is replaced by the plexiglass rod at the five investigated 
cells, the thermal neutron density changes fairly greatly, about 10%, see Table 1, but 
the thermal neutron densities at the neutron trap and the cell 1-4 almost do not change 
with a such replacement at the cells 4-1, 7-3, 9-3, Table 3.

Table 3. Neutron densities at the neutron trap and the cell 1-4.

Experiment Neutron density (relative unit)
At the neutron trap At the cell 1-4

Water column at cells 4-1, 
7-3 and 9-5
Plexiglass rod at cell 4-1 

Plexiglass rod at cell 7-3 
Plexiglass rod at cell 9-5

2.31 ± 0.09
2.26 ± 0.09
2.11 ± 0.08
2.43 ± 0.10

1.35 ± 0.06
1.35 ±0.06
1.30 ± 0.05
1.36 ± 0.05

3.'PERTURBATION WHEN THE FUEL ELEMENT IS REPLACED BY 
THE PLEXIGLASS ROD.

The measurement of the neutron field distribution on the surface of the fuel 
elements by neutron activation of foils is impossible because of the high critical power 
levels of the reactor as indicated in [2], Therefore the constancy of the coefficient A is 
unable to be directly verified when the fuel element is replaced by other material. 
However, according to [3], this constancy is right if the replacement of the fuel element 
by another material creates perturbation of the neutron field . Then the perturbation 
can be verified by the second method presented in 2.4. In the experiment, the thermal 
neutron densities at the neutron trap, the cell 1-4 and some positions of the rotary 
specimen rack are determined when replacing the fuel element by the plexiglass rod at 
cells 4-10, 5-10, 6-10, 6-9 and 6-8 (Table 4). From Table 4 it is seen that the thermal 
neutron densities at the considered positions are coincident in error range.
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Table 4. The thermal neutron densities at the neutron trap, the cell 1-4 and some 
positions in the rotary specimen rack (R. S. R) when replacing the fuel element by the 
plexiglass rod .

Positions of Number of Thermal neutron density (relative unit)
plexiglass rod fuel elements Neutron trap Cell 1-4 R. S. K

4-10 88 3.72 ± 0.04 1.19 ± 0.04 1.05 ± 0.03
5-10 88 3.71 ± 0.09 1.20 ± 0.04 1.08 ± 0.04
6-10 88 3.72 ± 0.10 1.23 ± 0.04 1.08 ± 0.04
6-9 88 3.68 ± 0.08 1.21 ± 0.04 1.09 ± 0.04
6-8 88 3.66 ± 0.08 1.19 ± 0.04 1.07 ± 0.04

- 89 - 1.24 ± 0.04 1.07 ± 0.04

4. CONCLUSION.

In the paper, the perturbation of the thermal neutron field is investigated when the 
fuel element is replaced by the water column or the plexiglass rod . The results are as 
follows:

1- The axial distributions of the thermal neutron field both in the water 
column and in the plexiglass rod are determined at the cells 1-4, 4-1, 7-3, 6-8, and 9-5. 
A similarity of the distribution curves of the thermal neutron field between the water 
column and the plexiglass rod is obtained. The coefficients A for the five considered 
cells are coincident in error range. 2

2- The replacement of the water column by the plexiglass rod or the replacement 
of the fuel element by the plexiglass rod cause the perturbations of the neutron field in the 
core. In consequence the measurement of the relative distribution of the thermal neutron 
field in the core may be carried out by the neutron activation of foils in the water column 
or plexiglass rod instead of on the surface of the fuel element.
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SUMMARY

Measurements of thermal neutron relative distributions in 
axial direction at different positions in the reactor core and for 
various control rod configurations have been carried out, and 
axial buckling and effective height of the core deduced.

1. INTRODUCTION

The Dalat nuclear research reactor, renovated from the TRIGA MARK II 
reator, has a modified core structure designed to run with Russian fuel element of 
VVR-M2 type. The net height of fuel element containing uranium is 60cm, while the 
effective height depends on material structure of the upper and lower parts of the 
core. The measurement of the core effective height is significant from experimental 
as well as theoretical viewpoints for the reason that the buckling of the reactor, an 
important parameter for reactor computation, can also be deduced. For this 
determination, the relative distribution of thermal neutron versus vertical distance is 
to be measured. However, the form of this distribution strongly depends on control 
rod configuration inside the core, therefore a precise measurement of effective height 
requires a set of such distributions. The experimental data set, in turn, can 
contribute significaltly to the optimization of sample irradiation, as well as permit 
the comparison with theoretical neutron flux calculation.

In the following are presented experimental results on axial neutron distributions 
together with deduced values of axial buckling and effective height of the core.

2. CORE CONFIGURATION

The reactor core has cylindrical form with 43.6cm diameter surrounded by a 
34.6cm thick graphite reflector (Fig. 1). The present loading is composed of 89 fuel 
elements. The uranium-aluminum alloy fuel element with 86.5cm total length is made
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Fig.1- Horizontal section of reactor core

1- neutron trap, 2- beam tube, 3- graphite reflector
fuel element, tfYTl Be shim element and ref lector- 

irradiation channels: (0j 1-4, ((jlj) 7-1, |^) 13-2
Cell positions measured. 7-3T (®j 7-9
Control rods: Z1,Z2- safety? C1,C2,C3,C4- compensation; 

R- regulation.

4- ; 1 ;

Fig.2- Fuel element and ending structures

1- fuel element, 2- upper end,
3- Uranium in 3 concentric layers,
4- lower end and 2 support plates.
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of 3 concentric layers with uranium of 36% enrichment having 60cm length and
0.7mm thickness, cladded with 0.9 mm thick aluminum tubings of hexagonal external 
form and circular inner forms. Uranium average weight in each fuel element is 40.2g. 
In the core there are also :

An additional reflector made of beryllium juxtaposed to the old graphite reflector,
A central neutron trap with beryllium surrounding and full of water,
Two pneumatic irradiation channels (dry channels) at positions 7-1 and 13-2 and 
one ‘wet” irradiation channel at position 1-4,
7 control rods, all moving in water filled aluminium guide tubes (2 safety rods AZ 
and 4 compensation rods KC, 65cm long and 27mm outer diameter, made of 
boron carbide, together with one regulation rod AR of stainless steel).

Fuel elements are inserted into 2 support plates of 2cm and 4cm thickness 
respectively at their lower ends. At their upper ends they are juxtaposed by their 
hexagonal heads (Fig. 2). The upper and lower parts of the core are then composed 
of water and aluminum of 11.7cm and 14.(8cm thickness respectively.

3. AXIAL DISTRIBUTION OF THERMAL NEUTRON

Thermal neutron relative distributions in the z-direction of the core are measured 
by foil activation method at different positions, particularly at the position 1-4 of the 
already existing wet channel. Other positions are selected for their marked influence 
of control rods on the neutron distribution. For these positions, the corresponding 
fuel element must be withdrawn in order to insert activation foils. In these cases it 
was shown [1] that thermal neutron distribution at the water column created by fuel 
element withdrawal coincided with the one at the surface of fuel element at the same 
coordinate.

For experimental realization, 9mm x 2mm x 0.1mm copper foils of 8 mg weight 
are irradiated along plexiglass plate put in the center of the created water column. 
This practice of average approximation is justified by the small thickness of uranium 
concentric layers separated by relatively large water interstics; it is also justified by 
experimental data obtained from microflux measurement carried out inside the fuel 
assembly at the first start-up of the reactor. The foil irradiation time is 15 minutes at
2.5 kW and the cooling time is about 24 h. The gamma activity of the foil (511 KeV 
and 1346 KeV peaks) is determined by using 70cm^ high purity Ge detector 
connected to a Canberra MCA, the beta activity is also measured by beta counter.

During irradiation, the two safety rods AZ are completely withdrawn. A number 
of thermal neutron distributions at 3 representative positions, i.e 7-3 and 7-9 (cells 
inside the core) and 1-4 (wet channel at the core limit), has been measured for 
different configurations of remaining KC and AR rods in order to show the influence 
of nearby inserted control rods. (Dominant reactivity worth is from the 4 KC rods, 
about 3$ each, while the 0.5$ AR rod is of less influence).

Fig. 3 represents some experimental data on thermal neutron distributions, origin 
of the z-axis being taken at the upper limit of the core as already used for indication 
of control rod position. One can see that not all the experimental curves are 
symmetrical, the neutron distributions are deviated toward the lower part of the core, 
depending on the inserted depth of control rods. This nonsymmetrical feature 
appears clearly from the values zmax of the ordinate at which the distribution attains 
the maximum value. It can be seen for each core position there can exist a control
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Fig. 3 - Axial distributions of the thermal neutrons
at the positionsi 7--3, 7-9 and 1—4 (error ±3%)
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rod configuration that gives almost symmetrical distribution curve about the middle 
plane of the core (zmax = 30cm). For different distributions, Zmax values are given in 
Table 1 together with other parameters deduced from experimental data.

Table 1. Parameters obtained from neutron distribution measurement 
at core positions 7-3, 7-9 and 1-4.

Core No. Inserted depth, of control rod Zmax k ± Bzl Hcrr
pos. KC1 KC2 KC3 KC4 AR (cm) 0.01 (m"2) (cm)

1 13.2 65.0 65.0 13.2 65.0 30.0 1.30 16.7 ± .4 76.8 ± .9

7-3 2 42.0 00.0 65.0 42.0 36.5 33.4 1.32 16.6 ± .4 77.1 ± .9

3 35.0 35.0 35.0 35.0 31.5 35.6 1.32 15.8 ± .3 79.1 ± .9

4 65.0 19.5 19.5 65.0 00.0 30.0 1.30 16.8 ± .4 76.6 ± .8
7-9 5 00.0 39.0 39.0 65.0 00.0 30.8 1.30 16.6 ± .2 77.2 ± .5

6 00.0 39.0 39.0 65.0 31.0 31.8 1.31 16.7 ± .3 76.9 ± .6
7 65.0 65.0 11.5 11.5 65.0 31.8 1.32 17.1 ± .2 75.9 ± .4

1-4 8 00.0 65.0 43.0 43.0 33.0 34.3 1.33 17.0 ± .3 76.2 ± .7
9 00.0 00.0 48.5 48.0 21.5 35.3 1.33 16.8 ± .2 76.6 ± .5
10 35.0 35.0 35.0 35.0 31.5 35.7 1.33 16.3 ± .2 77.8 ± .4

Note: Control rod position in cm, 65 - fully inserted, 0 - completely withdrawn.

From Table 1, there are only two symmetrical distributions associated with 
positions 7-3 and 7-9, i.e cases No 1 and No 4 respectively. These symmetrical cases 
correspond to the configurations where the 2 nearest KC rods (KC2, KC3 and KC1 
KC4 respectively) are fully inserted while the two other KC rods are almost 
completely withdrawn. But for the external position 1-4, an analogous configuration 
of KC rods does not give rise to symmetrical distribution (case No 7: the nearest 
KC1, KC2 rods fully inserted, zmax - 31.8cm). For the other cases, the dissymmetry 
is increased (zmax higher) when the rods rearest to the studied position are either 
completely withdrawn or completely inserted (except cases Nos 3 and 10), and this 
feature is accentuated with increasing inserted depth of the remaining rods. For cases 
No 3 and No 10 with all 4 KC rods inserted at intermediate depth of 35cm, the 
dissymmetry is particularly the greatest.

The dissymmetry of axial distribution curves can be best expressed analytically 
by [2]

<I>(z) = [A 4- C (z-30)] cos Bz (z-30) (1)

where A, C, Bz are constants, and C - 0 for symmetrical distributions, Bz is the axial 
buckling.

The parameters A, C, Bz are determined from experimental data by least square 
fit [3]. From (1) it is deduced the inhomogeneous coefficient of neutron field on the 
z-direction defined by

kz = fI>max / fI’av (2)

where <I>max - (I>(zmax) , maximum value of <I>, and 4>av its average given by
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(3)'I'nv = (I/H) <I>(z)dz 

with H = 60cm.

The mean value of kz at position 1-4 is 1.33 ± 0.01, and at positions 7-3 and 7-9 
it is 1.31 ± 0.01. The global mean value of kz calculated from these experimental data 
is

kz = 1.32 ± 0.01

Values of zmax and k% are also used as parameters guiding the choice of sample 
irradiation position inside the reactor core (for example, irradiation of silicon bar).

4. CORE EFFECTIVE HEIGHT

The distribution function does not equal zero at physical limits of the core. By 
defining the effective height Hcff of the core as the distance between the positions 
where <I>(z) = 0, i.e by putting

Heff = H 4- Au + Ai (4)

where Au and A| are respectively the extrapolated distances at the upper and lower 
boundary of the core determined by the conditions

<h(-Au) = fh(H 4* A|) = 0 (5)

The conditions (5) applied to function (1) give rise to two solutions, i.e the zeros 
of the two factors <I>i ~ A 4- C(z-30) and <I>2 — cos Bz (z-30) . From the fitted values 
of A, C, Bz, it is seen that A > 0, C < 0 and the zero of 4>i is much greater than that 
of <1>2 for all the cases studied. In consequence, one must take the conditions (5) as

<bz(-Au) - 4>2(H4*A|) — 0 (6)

As <I>2 is symmetrical function, then Au — A| - A for all symmetrical or non 
symmetrical distributions, and (6) becomes

cos( ± Bz x Hcff / 2) — 0 (7)

where Heff ™ H 4- 2A. It turns out from (7) that Bz is the buckling of the reactor in 
the z-direction as already noted [4]. Experimental values of Bz are shown in Table 1 
for each core configuration. The deduced average is 

Br = (16.6 ± 0.6) m*2

The expression of Hcff calculated from (7) is

Hcff = n / Bz. (8)

Experimental values of Heff are given in Table 1. The resulted average values of 
effective height and extrapolated distance are

Hcff = (77.0 ± 0.9) cm 

and A = (8.5 ± 0.5) cm.

The precisions involved in the above results are given by least square fit.

5. CONCLUSION
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From the measurement of thermal neutron relative distributions on vertical 
direction at different positions and control rod configurations in the core of the Dalat 
nuclear research reactor, it has been deduced several core parameters:

The inhomogeneous coefficient of neutron field in the vertical direction, kz = 
1.32 ± 0.01,

- The axial buckling, Bz2 = (16.6 ± 0.6) m*2 ,

The axial extrapolated distance, A = (8.5 ± 0.5) cm ,
The effective height of the core, Herr = (77.0 ± 0.9) cm.
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ABSTRACT

Determination of the radial distribution of the thermal neutron field in the core 
of the Dalat reactor is done by the Cu foil activation method. The measured data are 
fitted by the least square method to determine several physical parameters of the 
reactor, as follows :

1. Buckling Br2 = (84.6 ± 5.5) 10-4/cm2

2. The effective radius Reff= (27.6 ± 1.0) cm
3. The extrapolation distance X = (8.7 ± 1.0) cm
4. The unequal coefficient of the effective multiplication Kr = 1.77 ± 0.11

1. INTRODUCTION.

The Dalat reactor was reconstructed from the former reactor TRIGA Mark II, in 
which the new core was surrounded by the old graphite reflector and an additional 
beryllium reflector layer. The complicated structure of the core with a small size leads 
to a strong variation of the radial distribution of the neutron field. Determination of 
this distribution is necessary to exploit the reactor as well as supply data for calculating 
parameters : the buckling, the extrapolation distance, the unequal coefficient of the 
radial neutron field and the effective radius of the core.

H. STRUCTURE OF THE CORE.

The reactor core in the cylindrical shape of 43.6 cm diameter (including the 
beryllium reflector layer) is surrounded by the graphite reflector of 34.6 cm thickness 
(Fig. 1). The core is loaded with 89 fuel elements of Russian-made WR-M2 type . A 
fuel element has an overall height of 86.5 cm including 60 cm aluminum-uranium fuel 
part of 36% uranium enrichment. The fuel element consists of three coaxial tubes, each 
of which contains an 0.7 mm fuel layer wrapped in two aluminum layers of 0.9 mm 
thickness (Fig.2). The average weight of U^-> in each fresh fuel element is 40.3 g.
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Fig. 1 Reactor core arrangement 
1. Fuel element ; 2. Beryllium reflector 3. Neutron 
trap ; 4. Wet channel ; 5. Pneumatic transfer tube ; 
6. Safety rod ; 7. Shim rod ; 8. Regulating rod ;
9. Graphite reflector ; Cell 1-1 : The first cell of the 
core, cell i-j denotes the cell at i1*1 row and column.
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Fig. 2. Cross section of the fuel element 
( Unit in mm )

Fig. 3 Cross section of the plexiglass rod
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In addition, in the core there are a neutron trap , six boron-carbide absorption 
rods (two safety rods AZj, AZ2 and four shim rods KC14-KC4), an automatic 
regulating rod AR of stainless steel, a "wet" irradiation channel at cell 1-4, two 
pneumatic transfer channels at cells 7-1 and 13-2. The neutron trap is a beryllium block 
occupying 7 central cells and having a water column inside of 65 mm diameter. Cross 
section area of the active core (composing of 89 fuel elements, seven control rods, 
three irradiation channels, a neutron trap, exclusive of the beryllium reflector layer) is 
1124.7 cm2 §0 the equivalent radius of the active core is R = 18.9 cm

The reactor has a thermal column and four horizontal tubes. The 1st , 3r^ , 4^ 
tubes have the void extension parts in the graphite reflector.

ITI. THE RADIAL DISTRIBUTION OF THE THERMAL NEUTRON 
FIELD.

The thermal neutron field is determined by activating Cu foils of 9 mm x 2 mm 
x 0.1 mm size and (5 8) mg weight at 2.5 kW in 15 minutes . A solid plexiglass
rod of the same size as a fuel element is made to allocate foils (Fig.3) and is placed in 
the measured position instead of the fuel element. Measured positions are composed 
of two groups of cells in the core and are chosen far from the absorption rods and the 
irradiation channels. The first group is of cells 4-1 , 5-2 , 5-3,6-3 , 6-4,6-5 and the 
second - cells 6-8,6-9,6-10,5-10,4-10 (Fig. 1). These groups of cells have radial 
directions through the solid parts of the graphite reflector. It allows the radial 
distribution of the neutron field to be characteristic, not being affected by the strong 
absorption or diffusion materials. Calibration of the reactor power is carried out by 
beta counts of a Cu foil placed at an irradiation water hole in the rotary specimen rack 
of the graphite reflector.

Table 1 presents the results obtained. For the considered positions of equal 
approximation radii the presented experimental values are averaged. The measured 
values at several positions close to the boron-carbide rod KC2 are not used either. 
From Table 1 it is evident that the experimental results in the two groups of cells 
coincide in error range (exclusive of point number 2 with radius R = 5.2 cm , the two 
results are greatly different).

Figure 4 illustrates the radial distribution of the thermal neutron field for average 
values of the two measuring groups. It is seen from Figure 4 that the thermal neutron 
field has maximal value at close to the neutron trap, primarily decreases quickly and 
finally increases at the fuel elements near the beryllium reflector. The unequal 
coefficient of the radial distribution of the thermal neutron field is :

Kf = C> max / «t» = 1.77 ± 0.11

where the maximal value of the thermal neutron field is Omax = 1.87 ± 0.10 and the 
average value is «t» = 1.05 ± 0.03.
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Table 1. The radial distribution of the thermal neutron field .

No R ( ± .05) cm The neutron flux (relative unit)
The 1st group The 2nd group Average

01 4.3 1.93 ± 0.05 1.80 ± 0.06 1.87 ±0.10
02 5.2 1.56 ± 0.04 1.90 ± 0.05 1.73 ± 0.24
03 5.55 1.47 ± 0.05 1.60 ± 0.07 1.54 ± 0.10
04 6.9 1.19 ± 0.06 1.31 ± 0.07 1.25 ±0.10
05 7.2 1.06 ± 0.05 1.16 ± 0.05 1.11 ± 0.08
06 7.6 1.18 ± 0.17 1.09 ± 0.04 1.13 ± 0.09
07 8.25 1.11 ± 0.04 1.04 ± 0.05 1.08 ± 0.06
08 8.7 1.10 ± 0.04 1.10 ± 0.04
09 9.0 1.13 ± 0.04 1.13 ± 0.04
10 9.9 0.99 ± 0.02 1.04 ± 0.03 1.01 ± 0.04
11 10.45 1.04 ± 0.02 1.07 ±0.04 1.06 ± 0.03
12 11.05 1.00 ± 0.02 0.98 ± 0.02 0.99 ± 0.02
13 11.45 1.01 ± 0.02 0.97 ± 0.03 0.99 ± 0.03
14 12.3 0.94 ± 0.03 0.99 ± 0.03 0.97 ± 0.04
15 13.1 0.93 ± 0.03 0.93 ± 0.03
16 13.3 0.92 ± 0.02 0.92 ± 0.02
17 13.6 0.87 ± 0.03 0.87 ± 0.03
18 13.8 0.93 ± 0.03 0.93 ± 0.03 0.93 ± 0.04
19 14.1 0.89 ± 0.06 0.89 ± 0.06
20 14.3 0.91 ± 0.02 0.91 ± 0.02
21 15.55 0.86 ± 0.05 0.86 ± 0.05
22 15.9 0.83 ± 0.02 0.83 ± 0.02
23 16.25 0.85 ± 0.07 0.85 ± 0.07
24 - 16.55 0.93 ± 0.02 0.92 ± 0.02 0.92 ± 0.02
25 17.0 0.92 ± 0.04 0.88 ± 0.03 0.90 ± 0.03
26 17.25 0.87 ± 0.03 0.92 ± 0.03 0.90 ± 0.04
27 17.65 0.94 ± 0.04 1.01 ± 0.04 0.98 ± 0.06
28 19.0 0.95 ± 0.04 1.01 ± 0.01 0.98 ± 0.05
29 19.3 1.06 ± 0.04 1.04 ± 0.02 1.04 ± 0.02
30 . 19.9 1.08 ± 0.04 1,05 ± 0.02 1.07 ± 0.03

IV. DETERMINATION OF THE PHYSICAL PARAMETERS OF THE 
CORE.

The radial distribution of the thermal neutron field may be described by the two- 
group neutron diffusion theory for the reactor with reflector. To avoid the influence of 
the neutron trap, the radial distribution function is calculated from the radius in a 
diffusion length L = 2.8 cm far from the neutron trap . Then, according to [1] :

#(r) = al Jo[a2 (r " a3)] + 34 iQ^fr-a])] (1)

where spherical Bessel function Jq describes the thermal neutron field distribution in 
the core in a diffusion length far from the beryllium reflector, Bessel function Iq
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describes the influence of the beryllium reflector on the neutron field near the reflector. 
Constants a \ , 32, a3 , 34 and 35 are determined from experimental data by the least 
square fitting method [2],

The calculation results give :

a | - 1.18 ± 0.02 , a2 = 0.092 ± 0.003 , a3 = 1.4 ± 0.5

a4 - 0.0035 ± 0.0002 , a5 = 0.39 ± 0.03

Tlie fitting curve in Figure 4 describes well the experimental data.

Function Jq describes the neutron field distribution in framework of the one- 
group neutron diffusion theory for the bare reactor . So radial buckling of the core 
equals

Br2 = a22 = (84.6 ± 5.5) 10"4/cm2 (2)

Tlie effective radius of the core is determined from boundary condition:

JO fBr (Reff ' a3 )] = 0 (3)

Hence.

Reff = 2.405/Br + a3 = (27.6 ± 1.0) cm (4)

Because the equivalent radius of the core is R = 18.9 cm, the radial extrapolation 
distance is :

Xr = Reff-R = (8.7 ± 1.0) cm (5)
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ABSTRACT

Thermal neutron flux distributions around xthe graphite reflector of the Dalat 
nuclear research reactor are determined by the method for neutron activating Cu 
foils. The major results are as follows:

a. The axial distributions at the inner and outer margins of the graphite reflector 
have dissymmetrical shapes, similar to axial distributions in the core. There is a 
dissimilarity between the distribution curves at the inner margin and those at the 
outer margin of the reflector.

b. The radial distribution on the upper surface of the graphite reflector is 
measured and is described by the two-group neutron diffusion theory. The maximal 
value of the curve lies at the position of Rmax = 22.5 cm.

c. The distribution in the twenty water irradiation holes around the rotary 
specimen rack is obtained.

1. INTRODUCTION

The Dalat nuclear research reactor was reconstructed from the former TRIG A 
MARK II reactor. The new core is surrounded by the old graphite reflector and a 
new additional beryllium layer. The radial distribution of the thermal neutrons in the 
narrow active core is strongly varied with radius [1] and the axial distributions are 
dissymmetrical relative to the center of the core [2]. The determination of the 
neutron flux distributions on the surface of the graphite reflector and around the 
rotary specimen rack is useful for reactor exploitation and reactor calculation.

2. REACTOR CORE AND GRAPHITE REFLECTOR

The reactor core of a cylinder shape with 60 cm height and 43.6 cm diameter 
including beryllium layer is surrounded by the old graphite reflector (Fig. 1). The 
reactor is loaded with 89 fuel elements of WR-M2 type, a neutron trap, 7 
control rods and 3 irradiation facilities. A fuel element has an overall height of 86.5
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r-r :

Fig. 1 Reactor core arrangement 
1. Fuel element ; 2. Beryllium reflector 3. Neutron 
trap ; 4. Wet channel ; 5. Pneumatic transfer tube ; 
6 Safety rod ; 7. Shim rod ; S. Regulating rod ;
9. Graphite reflector ; Cell 1-1 : The first cell of the 
core, cell i-j denotes the cell at i1*1 row and j1*1 column.

Extracting well

Holder of Cu foils

Position 5-1 
(or 9-11)

Rotary specimen rack

Active core

graphite reflector
Cu foilBeryllium reflector

Fig. 2 Elevation of the graphite reflector and positions of activating foils.
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Fig. 3 Axial distributions of the thermal neutrons at 
the inner (•) and outer (A) margins of the graphite reflector 
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cm including 60 cm uranium-aluminum fuel part (36% enriched U235). The equivalent 
radius of the active core (fuel part of the core) is 18.9 cm.

The old graphite reflector is a rim block, having 34.6 cm thickness (35.5 cm 
with aluminum cladding) and 45.2 cm inner diameter. Inside the graphite block there 
are three big holes coaxial with three horizontal beam tubes. A deep drain of 30 cm 
depth and 7 cm width is made on the upper part of the graphite reflector for 
installing the rotary specimen rack which has 40 irradiation holes with diameter of 
3 cm and depth of 28 cm in distance of 35 cm from the active core center. The 
rotary specimen rack operates completely in water.

The beryllium reflector of an average thickness of 2.9 cm consists of the rods 
having the same outer shape as a fuel element and the beryllium rings formed by 
some serrated blocks and placed just inside the graphite reflector.

3. AXIAL DISTRIBUTIONS OF THERMAL NEUTRONS AT INNER 
AND OUTER MARGINS OF THE GRAPHITE REFLECTOR

Determination of the neutron flux distributions inside the graphite reflector is 
unable because of its solid structure. Therefore measurements are carried out at the 
inner and outer margins of the reflector (Fig.2). The Cu foils of 9 mm x 2 mm x 
0.1 mm size and of about 5 mg mass are irradiated in 15 minutes at 2.5 kW power. 
Fig. 3 presents the axial distributions of the thermal neutrons at the positions 5-1 and 
9-1 I at the inner margin and corresponding positions at the outer margin of the 
reflector. It is obvious from Fig. 3 that the axial distribution curves have 
dissymmetrical shapes, similar to those in the active core [2], and are expressed by the 
following formula :

cD(z) = [A + C(z-30)] cos[B(z-30)] (1)

where A, B, C are constants. The constants A^, Bjn, Cjn and Aout, Bout, Cout are 
determined by the least square fitting method for the inner and outer margins 
respectively. Calculation results are presented in Table 1.

Table I. Fitting data for Bjn , Bout, Ajn/Aout and Cjn/Cout.

Parameters 5 - 1 cell 9 - 11 cell

Bin 0.038 ± 0.001

Bout 0.037 ± 0.001

Aii/Aout 2.43 ± 0.05 2.54 ± 0.04

CiiV^out 2.06 ± 0.02 2.28 ± 0.01
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Table 1 shows that Bjn equals Bout wliile Ajn/Aout ratio is not equal to 
Cjn/Cout ratio. It means that the curves at the inner margin are not similar to 
those at the outer margin. This dissimilarity may be explained by the influence of 
the rotary specimen rack and irradiation holes placed on the upper part of the 
graphite reflector. However the dissimilarity is not significant because the difference 
of Ajn/Aout and Cjn/Cout is only 12.5%.

4. THERMAL NEUTRON FIELD DISTRIBUTION ON THE UPPER 
SURFACE OF THE GRAPHITE REFLECTOR

The thermal neutron field distribution on the upper surface of the graphite 
reflector is only measured from the irradiation hole position to the outer margin 
because of the existence of the extracting well over the reflector (Fig. 2). The 
experimental result (Fig. 4) shows a rapid decrease of the neutron fluxes with radius.

The experimental data on the thermal neutron fluxes are expressed by the two- 
group diffusion neutron theory as follows [3]:

F(r) = a] Ko(xjr) + a2 Iq( xjr) + a3 Kq( x2r) + 34 Iq( x2r) (2) 

where a] - 34 are constants,

X]2 = 1/t + (7t/Heff)2 ; x22=(l/L)2 + (7t/Heff)2 (3)

t : neutron age,
L : diffusion length of thermal neutrons,
Heff = (77.0 + 0.9) cm : effective height of the core [2]

The constants a] - 34 are determined from experimental data by the least square 
fitting method with t and L parameters chosen for the two media : graphite and 
water. Calculation results indicate that the graphite medium ( %2 =0.9) is more 
suitable than the water medium (%2 = 367).

Fig.4 presents the calculation curve that increases with radius, attains maximum 
value at the position of Rmax = 22.5 cm and after that decreases. So the maximum 
of the neutron flux distribution is not lain at the irradiation water hole. It may be 
explained by the existence of the additional beryllium reflector.

5. THERMAL NEUTRON FIELD DISTRIBUTION AROUND THE 
ROTARY SPECIMEN RACK.

Distribution of the thermal neutrons around the rotary specimen rack is 
determined by activation of 20 Cu foils placed in 20 irradiation water holes at the 
depth of 15 cm. Fig. 5 shows the experimental result of the relative neutron fluxes 
d>/«t», where «t>> is the average value of 20 measured data. From Fig. 5 it is seen 
that 0/<<t>> is greater than 1 at the 3rc* and 4^ horizontal beam tubes and is less than 
1 at the 1st and 2n^ beam tubes. The maximum and minimum values are 1.13 ± 
0.04 and 0.89 ± 0.03 respectively. Dissymmetry of the distribution is 1.27.
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Fig, 4. Radial distribution of the thermal neutrons on 
the upper surface of the graphite reflector.

• : Experimental data.
— : Function (2).

Thereat column

Hearn tube
heam tubeMo 2

x 0.9910.04

1,0210.0). o-o .0.9750.04
No 3

,1110.04

Fig, 5. Thermal neutron fluxes around the 20 irradiation holes 
of the rotary specimen rack.

• 1.02 ± 0.03: Irradiation hole with Cu foil and 
relative flux value at the hole.

o : Irradiation hole without any Cu foil.
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ABSTRACT

Calculation of fuel burnup and fuel reloading for the Dalat nuclear research 
reactor was carried out by using a new programme named HEXA-BURNUP, 
realized in a PC computer. The programme is a modification of the HEXA 
programme, based on the two-dimensional three-group neutron diffusion theory, 
with the introduction of the effects of control rods inserted at different depths and 
nuclide concentration variations. The HEXA-BURNUP programme is used to 
calculate the following parameters of the Dalat reactor:

a. Critical configurations of the core loaded with 69, 72, 74, 86, 88, 89 and 92 
fuel elements. The effective multiplication coefficients equal 1 within the error 
ranges of less than 0.38%.

b. The thermal neutron flux distribution in the reactor. The calculated results 
agree with the experimental data measured at 11 typical positions.

c. The average fuel burn-up for the period from February 1984 to September 
1992. The difference between calculation and experiment is only about 1.9%.

d. 10 fuel reloading versions are caculated, from which an optimal version is 
proposed.

1.INTRODUCTION

The Dalat nuclear research reactor was reconstructed from the former TRIGA 
MARK II reactor built in 1963 with the nominal power of 250 kW. The newly 
reconstructed reactor reached the first criticality on the 1st of November 1983 and 
its planned nominal power of 500 kW in February 1984.
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The Dalat reactor is of swimming pool type loaded with hexagonal fuel elements 
of Russian-made VVR-M2 type. The design calculation for the reactor was carried 
out by using the two-group neutron diffusion theory and the multi-group approxima
tion [1]. In the HEXA programme [2] the two-dimensional three-group neutron 
diffusion theory is used to calculate the neutron flux distribution for reactors similar 
to the Dalat reactor. However the calculation models presented in [1] and [2] do not 
include the effect of intermediate depth of the control rods in the real arrangement 
of the reactor core. This important effect is introduced into the programme modified 
from the HEXA programme. A combination of this modified programme and the 
programme calculating the nuclide concentration variations [3] leads to a new 
programme named HEXA-BURNUP . The HEXA-BURNUP programme, realized 
in a PC computer, is used to calculate the parameters of the critical core configura
tion, the neutron flux distribution, the average fuel burn-up, the fuel burn-up 
distribution and the fuel reloading version for the Dalat reactor.

2.REACTOR DESCRIPTION

Fig. 1 presents a view of the Dalat reactor, of which the new components consist 
of the reactor core, the extracting well and the cooling system. The undismounted 
components of the former reactor are the reactor tank, the concrete shielding, the 
graphite reflector, the beam tubes and the thermal column.

The reactor core has a cylinder shape, 60cm in height, 43.6cm in diameter and 
volume of about 100 litres. Inside the core are placed 89 fuel elements, 7 control rods 
(6 boron carbide rods and 1 stainless steel rod), a neutron trap, 3 irradiation channels 
(1 wet channel and 2 pneumatic transfer channels) and an additional beryllium 
reflector (Fig.2). All the elements are fixed by two perforated plates at the bottom 
of the core.

The fuel elements used in the new reactor belong to the Russian-made VVR-M2 
type (Fig.3). They are made of uranium-aluminum alloy with aluminum cladding. On 
average each fuel element contains about 40.2g of U2~5 distributed on three coaxial 
fuel shells, the outermost shell has the shape of hexagonal cylinder with a size of 
32mm, the two inner shells have cylinder shape with diameter of 22mm and 11mm 
respectively. Each shell consists of three layers, the fuel layer with a thickness of 
0.7mm is wrapped between two alluminum alloy clading layers of 0.9mm thickness. 
The gaps of (2.5-3.0)mm between the shells of a fuel element are used as the 
passages for water circulation. The total length of the fuel element is 86.5cm ,of 
which the fuel containing part is 60cm, the remainder parts are made of aluminum.

The old graphite reflector surrounding the core is a rim block with a thickness 
of 34.6cm and an inner diameter of 45.2cm. Inside the graphite block there are three 
big holes coaxial with three horizontal beam tubes. A deep drain of 30cm in depth 
and 7cm in width is made on the upper part of the graphite reflector for installing 
the rotary specimen rack which has 40 irradiation holes with 3cm diameter and 
operates completely in water. The reflection material above and under the core 
consists of aluminum and water.
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Beryllium material consists of the rods having the same outer shape as fuel 
elements and beryllium rings formed by some serrated blocks and placed just inside 
the graphite reflector.

3. HEXA-BURNUP PROGRAMME

3.1 Calculation model

The structure of the reactor core and the fuel elements as described in Section 2 
allows the core to he composed of the homogeneous hexagonal cells with charac
teristics averaged over a cell [4]. The effect of the close arrangement of the fuel 
elements will he taken into account by introducing the mass effect in the thermal 
energy range [4] and the resonance escape probability in the resonance energy range 
[5],

All the cells in the core, except the control rods, have the same length. Therefore 
the neutron physics characteristics of the reactor may be determined for a horizontal 
cross-section of the core. It allows the use of two-dimensional geometry with the 
hexagonal cells in the calculation model. For this model a three-group neutron 
diffusion theory is available because the metal/total material ratio in a cell is 0.448 
falling within (0.3-0.66) ratio range [6]. The first group consists of the fission neutrons 
with (5KeV - 1 OMeV) energy, the second group - the resonance neutrons with (0.2eV 
- 5KeV) energy and the third one - the (0 - 0.2)eV thermal neutrons.

Neutron fluxes in the reactor core are determined by the system of 3 equations:

3
-V(D|XNm) 4- 2i<I>i = (1/keff) 2 v I fi <I>j

/= 1

V(D2V<I>2) + I2‘I>2 = Isll fI>i (1)

V (D3V<I>3) + Xvl>3 =<p ISI2 <I>2

where i-index indicates the ith group (i= 1,2,3), i is the neutron flux, Dj is the diffusion 
coefficient, 2j is the cross-section of releasing neutron, In is the fission cross-section, 
2Sii is the slowing-down cross-section, v is the number of neutrons produced by a 
fission, ^ is the resonance absorption escape probability, keff is the effective multi
plication coefficient.

3.2 The control rod effect.

The presence of the control rods inside the reactor core has a significant influence 
on the neutron flux distribution. Furthermore this distribution depends on the 
number and the depths of the inserted control rods. In order to use the calculation 
model of two-dimensional geometry it is necessary to take into account the control 
rod effect for the practical working conditions of the reactor core.
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It is proposed that in the case of the reactor core with control rods withdrawn 
completely from the core or inserted fully inside the core, the axial neutron flux 
distribution should belong to the cosine form. When the control rods are inserted at 
intermediate depths, the axial distribution has a modified cosine form, of which the 
parameters are determined from the continuous condition of the neutron flux 
distribution. This modified cosine function is used to average the boundary condition 
at the control rod surface. So an effective boundary condition is obtained for the 
two-dimensional geometry model.

Neutron fluxes belong to the following conditions at the outer boundary of the 
reactor :

2 D i(/zV )ci»i + <hi = 0 (2)

and at the surface of the control rod cell :

yj(/lV)<l>j + <!>j — 0 (3)

where yi are effective values averaged over the axial distribution of neutron fluxes : 

H H
y i =/ y i (z) <I> i (z) dz // <!> i (z) dz (4)

0 0

3.3. HEXA-BURNUP programme

The system of 3 equations (1) is solved with the boundary conditions (2) and (3) 
for the Dalat reactor by using a progamme modified from the HEXA programme.

A combination of the modified HEXA programme calculating the neutron fluxes 
for all the cells and the programme calculating the nuclide concentration variation 
for each cell [3] leads to a complete programme named HEXA-BURNUP. This 
programme, realized on a PC computer, permits the calculation of the reactor 
physics parameters for the real core configurations.

4. CALCULATION RESULTS

4.1. Parameters of the critical core configurations

Table 1 shows the results calculated for the parameters of the critical core 
configurations in physics start-up, energy start-up and working conditions. From 
Table 1 it is obvious that for all the critical situations, in which the depths of the 
control rods are given from experimental data, the effective multiplication coeffi
cients keff calculated equal 1 within the error range of less than 0.38%.
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Table 1. Parameters of the critical core configurations.

Number of 
fuel elements

|7]

Critical U235 mass (g)
Depth of shim 

rods (mm)

PI

kcff
Excess

reactivity
(%)

Experiment
PI Calculation

69 2781.8 2775.11 KC4 — 6 0.9978 -

72 2897.4 2895.77 KC4 = 195 1.0007 0.24

74 2977.1 2976.21 KC2 = 442 1.0028 1.84

86 3461.8 3458.83 4KC ss 363 1.0000 6.04

88 3537.0 3539.27 4KC = 462 1.0002 7.58

89 - 3548.88 4KC = 400 1.0038 7.14

92 - 3690.50 4KC = 470 1.0015 7.90

4.2. Thermal neutron fluxes

Table 2 presents the calculation values and experimental data [8] for the thermal 
neutron fluxes at several positions in the core. Theoretical results well agree with 
experimental data at 10 from 11 measured positions. In the ll,h position, i.e. in 
boundary of the core the difference between theory and experiment is 5%.

Table 2. Thermal neutron fluxes in June 1989.

Fuel element
Thermal neutron fluxes

Calculation Experiment |8] 
(Relative)(1()13 n/cm2/s) Relative

6-5 0.52 1.50 1.33 ±0.32

6-4 0.37 1.05 1.06 ±0.11
6-3 0.33 0.96 0.92 ± 0.04

5-3 0.28 0.80 0.89 ±0.10

5-2 0.29 0.84 0.87 ± 0.06

4-1 0.30 0.85 0.94 ± 0.08

6-8 0.51 1.48 1.39 ±0.32

6-9 0.35 1.02 0.99 ± 0.03

6-10 0.31 0.90 0.89 ± 0.03

5-10 0.27 0.79 0.80 ± 0.04

4-10 0.28 0.80 0.93 ± 0.06

4.3. Fuel burn-up

The calculation of fuel burn-up is carried out for the period from energy start-up 
(6 February 1984) to September 1992. In Table 3 calculation results are presented 
for the effective multiplication coefficient, the running time at 500 kW power, the 
average fuel burn-up, the maximum fuel burn-up and the U233 mass burn-up 
corresponding to the given experimental parameters of the reactor [9]: the number
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of fuel elements, the running time and the depth of the control rods. Table 3 shows 
that the difference between calculation and experiment on U235 mass fuel burn-up 
is only about 1.9%.

Fig.4 shows the fuel burn-up values calculated for all the fuel elements in 
September 1992. From Fig.4 it is evident that the fuel elements surrounding the 
neutron trap have the largest values of fuel burn-up, from 10.93% to 12.52%. The 
elements near the safety rods have a smaller fuel burn-up and the lowest fuel burn-up 
values belong to the elements near the shim rods and at the periphery of the core. 
The minimum fuel burn-up is 5.97%.

Table 3. Calculation results of fuel hurn-up.

Operalion lime

Running 
lime at 
500k W 
(hou rs)

M

Depth of 
4KC 
(mm)
M

Kerr
Average
hurn-up

(%)

Maximum
hurn-up

(%)

Spent U235 mass (e)

Calcula
tion [9|

Experi
ment [9|

06/02/84 - 10/8/84 a 360.5 447 1.0026 0.27 0.41 9.435 9.238

10/8/84 - 15/1 1/84 b 323.2 470 1.0042 0.48 0.76 8.460 8.280

15/11/84 -09/3/85 a 470.2 425 1.0013 0.84 1.29 12.300 12.049

09/3/85 - c 400.0 410 1.0038 1.13 1.74 10.471 10.250

- 400.0 405 1.0030 1.42 2.18 10.464 10.250

- 31/12/85 461.8 405 1.0015 1.76 2.70 12.077 11.834

31/12/85 - 21/02/86 101.5 390 1.0(X)3 1.83 2.82 2.658 2.601

21/02/86 - 350.0 385 1.0009 2.09 - 9.155 8.969

- 350.0 380 1.0007 2.34 - 9.152 8.969

- 31/12/86 487.3 370 1.0015 2.70 - 12.736 12.487

01/01/87 - 400.0 365 1.0011 2.99 - 10.456 10.250

- 31/12/87 460.0 360 1.0010 3.33 - 12.043 11.811

01/01/88 - 400.0 358 1.0003 3.62 - 10.451 10.250

- 400.0 354 1.0000 3.91 - 10.451 10.250

- 31/12/88 407.0 350 1.0000 4.21 - 10.647 10.429

01/01/89 - 6/89 600.0 340 1.0010 4.65 7.06 15.659 15.375

6/89 - 31/12/89 662.8 330 1.0017 5.13 - 17.289 16.984

01/01/90 - 500.0 325 1.0013 5.49 - 13.049 12.812

- 500.0 320 1.0013 5.86 - 13.044 12.812

- 31/12/90 459.6 315 1.0013 6.19 - 11.991 11.777

01/01/91 - 500.0 310 1.0014 6.56 - 13.040 12.812

- 500.0 305 1.0014 6.92 - 13.038 12.812

-31/12/91 553.6 300 1.0015 7.33 - 14.430 14.186

01/01/92 - 6/92 660.0 290 1.0026 7.81 11.76 17.190 16.913

6/92 - 9/92 400.0 279 1.0030 8.02 12.52 10.456 10.250

Total 11109 8.02 12.52 290.14 284.67

Note: a : 88 fuel elements, h : 92 fuel elements;
c : 89 fuel elements from 9th of March 1985

184



Fig. 4. Calculated -fuel burn-up distribution 
in September, 1992.
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4.4. Fuel reloading versions

The calculation of fuel reloading versions is based on the last core configuration 
in September 1992 of which the fuel burn-up distribution is shown in Fig.4. This 
configuration has the following parameters : the depth of the shim rods of 276mm, 
the excess reactivity of 3.97% (4.9 beff), the average fuel burn-up of 8.28%, the 
thermal neutron flux at the neutron trap of 2.29x10^ n/cm2/s and the unequal 
coefficient of 1.65.

10 fuel reloading versions are suggested and calculated (Table 4). From Table 4 
it is obvious that :

i. Thermal neutron flux at the neutron trap depends mainly on the number of fuel 
elements and equals 2.2x10^ n/cm2/s, 2.1xl01-3 n/cm2/s and 2xl01'm/cm2/s for the 
core loaded with 96, 100 and 104 fuel elements respectively. So the neutron flux 
decreases with the number of fuel elements.

ii. Unequal coefficient depends mainly.on the fuel burn-up levels of the fuel 
elements placed around the neutron trap.

Table 4. 10 calculation versions of fuel reloading.

Para- Version
meter 1 2 3 4 5 6 7 8 9 10

I 96 100 96 100 104 96 96 96 100 104

11 65 65 77 77 77 77 89 89 89 89

III 31 35 19 23 27 19 7 7 11 15

IV 5.05 4.85 6.22 5.97 5.74 6.22 7.67 • 7.67 7.36 7.08

V 9.10 9.10 10.1 10.1 10.1 10.1 12.5 12.5 12.5 12.5

VI 2.16 2.1 1 2.17 2.11 2.05 2.16 2.17 2.16 2.11 2.04

VII 1.82 1.84 1.84 1.86 1.88 1.85 1.69 1.73 1.72 1.73

VIII 427 486 403 443 494 379 365 348 388 428

IX 8.66 9.27 8.20 8.81 9.52 7.88 7.54 7.33 7.98 8.72

X 10.0 12.5 8.5 11.0 13.5 7.0 6.0 5.0 7.5 10.0

XI 282 283 277 278 277 279 280 278 279 277

XII 12.0 13.2 12.1 13.3 14.4 11.1 11.8 11.1 12.4 13.5

XIII 16.6 18.2 17.1 19.0 20.6 17.3 15.6 17.6 20.0 22.0

Note: I : Number of fuel elements
II : Number of old fuel elements
III : Number of new fuel elements
IV : Initial average fuel burn-up, %
V : Initial maximum fuel burn-up, %
VI : Thermal neutron flux at neutron trap, n/cm2/s
VII : Unequal coefficient
VIII: Initial depth of shim rods, mm 
IX : Excess reactivity, /jcff
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X : Burn-up time, 1000 hours
XI : Final depth of shim rods, mm

XII : Final average fuel burn-up, %
XIII: Final maximum fuel burn-up, %

From these 10 versions of fuel reloading it is interesting to choose an optimal 
version. The main criteria for choosing the optimal version are as follows :

a. The thermal neutron flux at the neutron trap is as high as possible, about
2.1 xlO13 n/cm2/s.

b. The unequal coefficient is as low as possible, about 1.7.

c. The fuel burn-up of the withdrawn fuel element is as high as possible, about
J0%.

d. The fuel burn-up lime of the reactor is as long as possible, about 3 - 5 years.

e. The excess reactivity is about 7 (lcff.

On the basis of these criteria the two 7th and 8th versions have been chosen. The 
parameters of the reactor core for the 8th version, in which 7 new fuel elements are 
inserted at the periphery of the core after having withdrawn 7 beryllium rods, are 
shown in Table 5 together with the parameters of the present core loaded with 89 
fuel elements. From Table 5 it is obvious that the new core has the maximum thermal 
neutron flux of less than 5%, and the excess reactivity of less than 20% in com
parison with the corresponding parameters of the present core. The new arrange
ment has a burn-up time of about 5000 hours, i.e. the next fuel reloading will be 
carried out in 3 years.

Table 5. Parameters of the new core after fuel reloading (8th version) and the 
present core.

Parameter New core Present core

Total number of fuel elements 96 89

Number of old fuel elements 89 0

Number of new fuel elements 7 89

Initial average burn-up (%) 7.67 0

Initial maximum hurn-up (%) 12.52 0
Maximum thermal neutron flux (n/cm2/s) 2.16x1013 2.28xl013

Unequal coefficient 1.73 1.74

Initial depth of shim rods (mm) 348 490

Excess reactivity (fieff) 7.33 9.57

Burn-up time (hours) 5000 11109

Final depth of shim rods (mm) 278 276

Final average hurn-up (%) 11.13 8.28

Final maximum hurn-up (%) 17.62 12.52
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ABSTRACT

Kinetic characteristics of the reconstructed nuclear reactor in Dalat is investigated. 
Experimental parameters measured consist of: Temperature coefficient of reactivity for 
water-moderator. Xenon poisoning , contribution of delayed photoneutrons induced by 
Be(y,n) reactions and positive reactivity insertion behavior.

I. INTRODUCTION

The Dalat nuclear research reactor was rebuilt from the TRIG A Mark II reactor 
The fundamental change in the reconstruction is the replacement of U-Al alloy type fuel 
instead of the well known TRIGA HZr-U fuel with a high negative temperature 
coefficient. Furthermore, in order to increase neutron density, an additional beryllium 
reflector was introduced beside the old graphite reflector. By (y,n) reaction this material 
constitutes an internal photoneutron source that may have influence on the reactor 
behavior and operation. For the above reasons, it is worthwhile investigating kinetic and 
dynamic characteristics of the rebuilt reactor. In this paper are presented experimental 
results concerning some kinetic parameters of the reactor.

II. REACTIVITY COEFFICIENT

For light water moderated reactor, temperature coefficient of reactivity is defined as 
the ratio

ay = dp / dT ,

where dp is reactivity variation corresponding to water temperature variation dT in the 
core.

For the Dalat reactor, ay has been measured at 0.25 kW in the temperature range 
of ( 20 4- 40 ) °C by compensation method using automatic regulating rod. The result is as 
follows:
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«t = - (1-0 ± 0.1) lO-2 Peff/°C for T = (20 + 30)°C 

ay = -(1.5 ± 0.1) lO"2 Peff/°C for T = (30 4- 40)°C

With the effective delayed neutron fraction of (3eff = 0.0081 [1] we have : 

ay = - (0.8 ±0.1) 10"4 / °C for T = (20 4- 30)°C 

ay = - (1.2 ± 0.1) 10"4/°C for T = (30 40)°C

Tins experimental value is not in contradiction with the design value calculated in 
[1], (XTcal - -1 10"4 / °C, and falls within the range of reactivity temperature coefficient 
for research reactors moderated and cooled by water [2].

Although ay is relatively large for water moderator, its temperature effect does 
take place with some delay, whereas reactivity coefficient due to variation of temperature 
inside fuel elements gives rise to a more instantaneous effect. For WR-M2 type fuel of 
the Dalat reactor, this value is -0.02 10“^/°C [1], and for TRIGA type fuel, it is - 1.3 10“^ 
/°C, [3], Therefore TRIGA reactors possess intrinsic stability much greater than the 
present reactor.

III. XENON POISONING

Xenon poisoning is a negative reactivity effect due to Xe^5, a \j235 fission 
product having very strong thermal neutron absorption. At 500 kW nominal power, 
corresponding to average neutron flux of 3.4 10*2 n/cnAsec, Xenon poisoning effect in 
the Dalat reactor has been measured by control rod compensation method. In Fig. 1 is 
shown variation of Xenon reactivity versus working time at 500 kW compared with 
theoretical calculation [4].

It is seen that Xenon reactivity is negative with absolute value increasing with time 
and attaining equilibrium value

PXe = - ( 1-61 ± 0.06 ) (3eflf = -1.3 %

after about 60 hours at 500 kW.

From calculation it is also found that maximum reactivity worth after reactor shut
down, the so called Iodine pit effect, is :

- 0.06 Pgjff = - 0.05 % ,

and the total maximum Xenon poisoning of the Dalat reactor at nominal power is -1.35 %.
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TV. PHOTONEUTRON CONTRIBUTION

In the Dalat reactor, delayed neutrons come from two contributions : neutron 
disintegration of U^35 thermal fission products and neutron emission of beryllium material 
inside reactor core by capture of gamma rays having energy higher than 1.67 MeV. The 
problem of determining the latter contribution, i.e. delayed photoneutron contribution, is 
needed in studying reactor dynamics and in assessing neutron source remained after shut
down.

Total effective delayed neutron fraction, Pefj; consists then of two parts : pU, 
effective delayed fission neutron fraction from and P®e, effective delayed
photoneutron fraction from Be(y,n) reactions. Experimental data of delayed neutron 
spectra have been time analyzed, see [5], into 15 components, of which 6 components are 
from U235 fission and 9 others from (y,n) reactions on beryllium. It resulted that in media 
composed of only beryllium, delayed photoneutron fraction is 15.175 10”^, i.e. with 
known delayed neutron fraction from U^35 fission pU * 0.0064, one has :

pBe = 2.31 % and pU = 97.69 %

In the experiment on rapid shut-down realized on a critical assembly with cylindrical 
core composed of enriched uranium ( 10 % U^35 ) and beryllium reflector, Be/U235 = 
1777 4-3112, [6], one obtained delayed photoneutron fraction of 14.808 10"^, so

pBe = 2.26 % and Pu = 99.74 %

In the Dalat reactor, time spectra of delayed neutron were measured after reactor 
shut-down following a continuous run of 100 hours at 500 kW. Neutron spectra, 
measured by fission detector KNK-15 of the reactor control system AKNP and by IN-90 
acquisition computer, are compared with indium foil activation data. In Fig. 2 time 
spectrum of delayed neutrons during 64 hours after reactor shut-down, normalized to unit 
at the moment of shut-down, presents sharp variation at the beginning. This rapid part is 
mainly contributed by delayed neutrons from U^35 fission products, after about 10 

minutes this contribution can be neglected in comparison with delayed photoneutrons, 
slowly varying neutron source of intensity about 10“4 4- 10"? times the neutron source 
level at the moment of shut-down. So the photoneutron source left after reactor shut
down gives the neutron flux of about ( 10^ 4- 10%) n/cnAsec. This extraneous neutron 
source is used for starting-up the reactor.

A global estimation from time spectrum gives 

pBe = o.46 % and Pu = 99.54 %

These data show that (3®e/ pU ratio is smallest for the Dalat reactor ( 0.46 % ), 
whereas it is the biggest for reactor moderated only by beryllium ( 2.31 % ). This can be 
explained by the fact that beryllium reflector of the Dalat reactor is only a supplementary
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reflector composed of some Be-plates and Be-rods disposed separately on the 
circumference of the graphite reflector ( weight ratio Be/U^35 = 8.7 ).

V. POSITIVE REACTIVITY INSERTION BEHAVIOR

A nuclear reactor is a controlled system with feedback. From the dynamics point of 
view, it is then important to study stability property of the reactor under modification of 
dynamic parameters.

For its behavior studied during the short time after a rapid insertion of positive 
reactivity, Xenon poisoning effect can be neglected, reactor stability is then assured only 
by negative feedback of moderator and temperature effects.

For the Dalat reactor, stability has been studied at 0.1 kW for different values of 
reactivity inserted by withdrawing control rod. In Fig. 3 is shown the increase of reactor 
power versus time for inserted reactivity of +0.27 (3eff and +0.38 3eff and the power 
levels attained after 10 minutes due to negative feedback of water and fuel temperature 
effects. In Fig. 4 is shown the dependence of attained stable power levels on inserted 
positive reactivity.

From this study it is confirmed the safe operation specification, i.e. in order to avoid 
reactor shut-down by over-power condition it is necessary to limit positive reactivity 
inserted to value of less than 0.4 (3efp

Furthermore, as already mentioned in Section II, TRIGA reactor has a stability 
behavior better than the Dalat reactor because of TRIGA's higher negative instantaneous 
temperature coefficient. Indeed, TRIGA reactor can support inserted positive reactivity of 
1 (3eff resulting in reactor period of 1 sec and reaching only 120 kW stable power level 
after having attained several hundred MW [4].

VT. CONCLUSION

The main results of the investigation of the kinetic characteristics of the Dalat 
reactor are as follows:

1. The temperature coefficient of reactivity for water-moderator is about - ( 0.8 +
1.2 ) 10"4 / 0(3 for temperature range of ( 20 + 40 ) °C.

2. The reactivity coefficient of Xenon poisoning effect is -1.3 % .

3. The effective delayed photoneutron fraction from Be(y,n) reactions is 0.46 %.

4. The safe positive reactivity inserted is of less than 0.4 peflf.
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5. The Dalat reactor possesses an intrinsic stability much less than the TRIGA 
reactor because the instantaneous temperature coefficient of reactivity and safe positive 
reactivity inserted of the Dalat reactor ( -0.02 10"4 / oq and 0.4 (3eff) are much less than 
those of the TRIGA reactor (-1.3 10~4 / <>C and 1 |3eff).
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ABSTRACT

Measured fuel surface temperatures,obtained at various 
locations of the core of the Dalat nuclear research reactor 
under normal operating conditions, are presented, and some 
thermal characteristics of the reactor are discussed.

1. INTRODUCTION

The Dalat nuclear research reactor is a 500 kW pool reactor 
with Soviet WR-M2 fuel bundles cooled by natural convection. The 
reactor core, designed in the Soviet Union,is installed in a 2.0 
meter diameter,6.2 meter deep aluminum tank.

The core consists of 89 fuel bundles, a central neutron trap, 
and three experimental channels. Each fuel bundle is composed of 
three concentric layers (see Fig.l): 2 cylindrical inner tubes and 
a hexagonal outer tube. The cladding material is 0.9 mm thick 
aluminum. The weight of U-235 in each fuel bundle is approximately 
40 gram.

On the thermal hydraulic point of view,500 kW is a relatively 
high power for natural convection cooling. However, cooling was 
enhanced by the addition of an extracting well in 1982 during the 
reconstruction (see Fig.2).Water boiling at a fuel element surface 
is harmful and can lead to a dangerous situation. Consequently,the 
surface temperature of a fuel element must be maintained well 
below the temperature at which surface boiling occurs. Therefore, 
careful measurement of fuel surface temperature can assist with 
both nuclear safety and prospective power upgrading studies.

In this paper, an apparatus for measuring fuel surface tempe
rature is described. Some vertical and radial fuel surface tempe
rature distributions,obtained under various reactor conditions 
(power level,relative positions of the shim rods,etc.),are 
presented. Experimental and calculated fuel surface temperature at 
one of the hottest positions of the core are compared. Finally, 
some general assessments of the thermal characteristics of the 
reactor are presented.
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2. EXPERIMENTAL INSTRUMENT

The device used to measure the fuel surface temperatures 
consisted of an instrumented fuel bundle (IFB) together with an 
electronic measuring s ys tern(see Figs.3-5). The IFB is of the same 
WR-M2 type as normally used in the Da lat reactor. Nine Chrome 1- 
Coppel thermocouples were incorporated into the IFB. Of these,five 
were incorporated in the aluminum cladding of the hexagonal outer 
tube; two were incorporated in the aluminum cladding of the two 
cylindrical inner tubes and the remaining two were in direct 
contact with water to measure the core coolant inlet and outlet 
temperatures.

The location of the 9 thermocouple junctions along the IFB is 
as follows:

Junction 
notation

Temperature
notation

Distance from 
IFB centreline 

(mm)
Remark

Ji Ti 230 -Hexagonal outer tube
J2 T2 180 tf

J3 T3 130 U

J4 T4 0
J5 T5 -150
J6 T6 210 -Middle cylindrical tube
J7 T7 210 -Innermost cylindrical

tube
J8 T8 345 -Measurement of the core

outlet water temperature
J9 T9 -355 -Measurement of the core

inlet water temperature

The junction of each thermocouple (other than J and J-,which measure the water temperature) was buried 0.3 mm inside the^0.9 mm 
thick aluminum cladding of the IFB. The presence of thermocouples 
in the IFB did not affect its thermal hydraulic performance 
thanks to careful measures during construction fl).

The supporting electronic system consisted of an analog 
processing unit ( amplifier plus ana 1ogue-1o-diqita1 converter ) 
interfaced with an AT personal computer. A block schematic of the 
system is shown in Fig.5.
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3. RESULTS

Temperatures were measured at selected locations in the 
reactor core. At each of these locations,the normal fuel element 
was replaced by the IFB and thermocouple temperatures monitored. At 
each location, 6 different measurement sets could be obtained by 
revolving the hexagonal IFB around its axis by angles of 60 .After 
the IFB was placed in the core,the reactor was operated at a fixed 
power level. Temperatures T. - Tg were monitored and recorded by computer. Fig.6 shows the "^layout of the reactor core, and the 
positions where measurements were made.

3.1. Axial fuel surface temperature distribution

This distribution was determined for the outer hexagonal tube 
of the fuel element at cells 9-6, 6-5 and 5-1 (see Fig.6). The 
measured temperatures T. - T_ along the core height are shown in 
Figs.7, 8 and 9 for various reactor power levels between 50 and 
500 kW.All curves have th-e same shape with the maximum temperature 
position near the center of the core. •

The effect of shim rods is shown in figure 7. Both the 
temperature distribution and maximum temperatures vary slightly 
with shim rod position.

3.2. Radial fuel surface temperature distribution

The radial distribution of surface temperatures over the 
reactor core was obtained from measurements carried out at cells 
5-1, 6-3, 6-5, 5-6 and 9-6. Fig.10 shows the T^ data (i.e.maximum 
temperature at each fuel element location) for a reactor power of 
500 kW. It can be seen that the highest T^ temperature is reached 
at one of the hottest positions in the core (cell 5-6)close to the 
neutron trap.

The radial temperature distribution within a fuel element was 
obtained from data from thermocouples T_, T_ and T^ which are 
located on the three separate fueled sections of the IFB. This 
data,as obtained at cell 5-6,is shown in figure 11. This figure 
indicates that the highest temperature is on the outer surface 
near the neutron trap.

The data obtained at different locations in the core indicate 
that cells 5-6 and 9-6 are at the hottest positions, and the 
surface temperature at these positions reaches a maximum of about 
99 C on the hexagonal outer tube for the reactor operating at 
nomina1 power.

3.3. Variation of maximum water and fuel surface temperatures with 
reactor power levels

Fig.12 shows the dependence on power level of fuel surface
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temperature T and water temperature Tg at cells 5-6 and 6-3. It is clear 4that these temperatures increase proportionally with 
the reactor power at lower power levels and change more slowly at 
larger power levels.

4. COMPARISON OF PREDICTED AND MEASURED TEMPERATURES

The method of predicting thermal hydraulic characteristics of 
the Da la t reactor can be found in [ 2 J . The following table gives 
predicted and experimental maximum fuel surface temperature for 
various power levels.

Reactor power(kW)
Maximum fuel surface temperature( C)
Theoretica1 Experimental

50 39.56 41.0
100 48.34 47.0'
200 62.62 62.0
300 74.76 74.0
400 86.37 8 6.5
500 98.71 99.0

While IFB measurements could only made at some restricted 
locations, theoretical calculation can give temperature values 
at any position in the reactor core height. The good agreement of 
measured and predicted temperatures at locations where the IFB 
could be placed adds confidence to the validity of predicted 
temperature at any location in the core. Since the IFB was placed 
at locations of particular interest,the agreement of predicted and 
measured temperatures here indicates that we can be particularly 
confident that the prediction method is reliable at these 
locations .

5. CONCLUDING DISCUSSION

Experimental temperature measurements show that maximum fuel 
surface temperature at the hottest cell of the Dalat reactor can reach nearly 100°C when the primary water temperature at the

204



reactor tank inlet has attained its highest permitted value of 
30°C. Although 100°C is slightly larger than the upper limit, it 
is far below temperature T at which surface boiling occurs . However, 100 °C should not 5be exceeded since during the reactor 
start-up, measured fuel surface temperatures reached a peak 
approximately 2 °C higher than the steady state peak. According to 
the designer's documents,the scram limit is set at 110% of nominal 
power. In this case,the fuel surface temperature would reach a 
value of about 108°C, which coincides with the saturated water 
temperature i g the reactor core (but is still weljL be low the temperature Tg at which surface boiling would occur Tg = 116°C (21).

The experiments also indicate that the temperature of water 
and fuel surface quickly become stable during start-up. This is a 
desirable feature of the Da lat reactor.
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THERMOHYDRAULIC CHARACTERISTICS UNDER SOME TRANSIENT 
CONDITIONS OF THE DALAT NUCLEAR RESEARCH REACTOR

Ngo Quang Huy,Ngo Phu Khang 
Tran Khac An,Huynh Ton Nghiem

ABSTRACT

Some experimental and theoretical thermal hydraulic 
characteristics of the Dalat nuclear research reactor 
are presented, together with some general assessments, 
from a thermal hydraulic point of view, of its safety 
under transient conditions.

1. INTRODUCTION

The experimental device used for measuring in-core 
temperatures of the Dalat nuclear research reactor has been 
operating since 1990 to achieve its objectives, namely, the 
experimental determination of water and fuel surface temperature 
under normal and transient conditions of the reactor,required as 
part of thermal hydraulic study of some nuclear safety aspects of 
the reactor view. Some recent experimental data were obtained from 
this device (11, allowing some significant conclusions about the 
safe operation of the reactor under normal working condition to be 
drawn.

Further assessment of the Dalat reactor safety requires a 
study o-f transient processes. Nearly all reactor dynamic behavior 
is closely coupled to the water and fuel surface temperature 
distributions in the core. The technical design documentation [2], 
and theoretical thermal hydraulic calculations performed after 
reactor inauguration [31,give some results of various hypothetical 
accidents (reactivity accident,loss of coolant flow accident,etc). 
However,using the instrumented fuel bundle (IFB) into which 9 
Chromel-Coppel thermocouoles have been inserted,we can obtain 
time-dependent temperature data not only for rapid insertion of a 
significant positive reactivity in the core but also during 
transient processes such as changes of reactor power,water flow 
rate in the primary loop,and temperature at reactor tank inlet. In 
the following, some experimental thermal hydraulic characteristics 
are presented for the Dalat reactor under transient conditions. 
The paper outlines a method used to calculate transients which 
occur if the reactor runs without its cooling system. Finally, 
experimental and predicted transient temperature data are 
compared,and some assessments are made of the Dalat reactor's 
safety during transient conditions.
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2. EXPERIMENTAL RESULTS

A description of the instrumented fuel bundle together with 
an electronic measuring system can be found in [11. The transient 
cases considered in this paper are :

- Manual step by step reactor start-up
- Automatic reactor start-up
- Planned reactor shut-down
- Reactor scram due to primary pump failure
- Reactor operation at 300 kW power with no cooling system
- Reactor operation at 200 k W power with no cooling system
- Reactor operation at 200 kW power following the re intro
duction of the cooling system after its non-operation 
for a few hours.

Figures 2-8 show experimental temperatures and power as a 
function of time at cell 9-6 lsee Fig.l] of the core for all the 
above cases. The notation of these curves is as follows:

i ( i=l,2,...,7 ) : fuel surface temperature T. (°C)
i ( i = 8,9 ) : water outlet and inlet temperature (°C)
P : reactor power ( % of nominal valtie )
t : time
Figs.2 and 3 show that during reactor start-up,water and fuel 

surface temperatures quickly become stable. Therefore, as 
described in the reactor operating instructions [41, automatic 
instead of manual start-up is completely acceptable.Figs.4 and 5 
show rapid decreases in power and temperatures,except for the 
temperature at the inlet of the IFB, after reactor shut-down. 
Experimental results obtained when the reactor ran without its 
cooling system at 200 and 300 kW are shown in Figs.6 and 7.In this 
case, temperatures T. (i=1,2, . . . , 9 ) increase almost linearly with 
time. Fig.8 presents data obtained when positive reactivity 
was rapidly inserted in the core when operating at 200 kW. This 
event was achieved by turning on the cooling system,i.e. inserting 
cool water in the core,following a period when the cooling system 
was not used. This abnormal situation has a significant effect on 
the safety of the reactor and it must be considered seriously 
during operation.

3. CALCULATION RESULTS 

3.1. Model
In order to obtain an estimate of the maximum water and fuel 

element surface temperatures for the case of the reactor running 
without its cooling system, a simple thermal hydraulic model was 
developed. The model considers reactor core cooling by natural 
convection,and makes the following assumptions :
- Hydraulic processes in the reactor tank are quasi-stationary.
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- Heat transfer from the tank into the surrounding air is mainly 
through the open surface of the reactor tank water.

- The temperature of the surrounding air T. . is assumed to beconstant ( 20°C )

According to this model,the water flow rate through the reactor 
core is given by : '

9.81 I r5H1 + r4^2 - X1»1 - ^2H2 1 = PL + P2 + P4 + P4 (1)

With : Pi- <xlHl /Dl + Z1)(G/s1)2/2r1 ( 2 )
P2- ,X2H2 /D2 + Z2){G/s2)2/7r2 ( 3 )
P4= (X4H2 /d4 + (,)(G/S,)2/2r, ( 4 )
P5- ,X5H1 /D5 + z5)(G/s5)2/2 r5 (5)

In the above,
p^ : hydraulic loss in space i 
G : water flow rate through the core 

: reactor core height 
hg : extracting well height 
r. : water density at temperature

: equivalent hydraulic diameter of space i 
: flow area through space i 
: friction coefficient of space, i 

fi : local hydraulic resistance of space i

The heat balance in the reactor tank can be written as:

W - Tkk> c (T ) m dT./dt p b b b ( 6 )

Where : heat transfer coefficient through open surface of the
reactor tank water

: area of open surface of the reactor tank water
T^ : average temperature of the reactor tank water
Tk^: temperature of the surrounding air
Cp : water specific heat at constant pressure
m. : mass of water in the reactor tank b
P : reactor power
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The axial coolant and surface temperatures for the hottest 
fuel element at any moment t can be given by :

- Water temperature : dT ( z) /dz = 4qg (z ) /c^wD^ (7)
- Fuel surface temperature : Tg(z) = T(z) + qg(z)/h (8)

Where qg(z) : surface heat flux
yw : mass rate
h : heat transfer coefficient

3.2. Results
Tables 1-5 give the predictions for the reactor running at 

various power levels without its cooling system. The tank water 
temperature at the beginning of each run is assumed to be 25 C. 
Tables 6 and 7 compare the predicted and experimental temperatures 
for those data illustrated on Pigs.6 and 7.

Table 1. Predicted temperatures for reactor operation at 500 kW 
without cooling system

Time(min. ) Maximum temperature of 
water in the core ( C)

Maximum fuel surface 
temperature ( C]

0 50.5 96.7
10 52.9 98.6
20 55.5 100.7
30 58.2 103.1
40 61.1 105.6
50 64.1 107.7

Table 2. Predicted temperatures for reactor operation at 400 kW 
without cooling system

T i me ( m i n . ) Maximum temperature of water in the core (°C1 Maximum fuel surface 
temperature [ C)

0 47.9 86.3
20 51.9 69.740 56 . 4 93.6
60 61.2 97.980 66.3 101.9100 71.9 105.4
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Table 3. Predicted temperatures for reactor operation at 300 k W 
without cooling system

Time(min.) Maximum temperature of 
water in the core ( Cl

Maximum fuel surface temperature ( °C1

0 44.9 75.1
45 52.2 81,6
90 6 0.6 89.1

135 69.6 97.1
180 79.5 104.4

Table 4. Predicted temperatures for reactor operation at 200 kW 
without cooling system

Time(min.) Maximum temperature of water in the core [°C1 Maximum fuel surface temperature (°Ci

0 41.3 62.6
60 48.1 68.9

120 55 . 7 75.9
180 63.7 83.5
240 72.1 -91.5
300 81.1 99.2

Table 5. Predicted temperatures for reactor operation at 100 kW 
without cooling system

Time(min.) Maximum temperature of 
water in the core ( Cl

Maximum fuel surface temperature (°C1

n 36.7 48.4
120 43.9 55.2
240 51.9 62.8
360 60.2 71.0
480 68.8 79 . 3
600 77.6 87.9
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Table 6. Comparison of theoretical and experimental temperatures 
for the case of the reactor running at 300 kW without 
cooling system

Time(min.) Maximum temperature of 
water in the core ( Cl

Maximum fuel surface 
temperature ( C)

Theore tical Experimenta1 Theoretical Experimental

7 46.1 50.0 76.1 75.6
14 47.2 50.8 77.1 77.1
21 48.3 52.4 78.0 78.5
28 49.5 53.6 79.1 79.9
35 50.7 55.6 80.1 80.9
42 51.9 57.2 81.2 81.9
49 53.1 58.0 82.3 83.3
56 54.4 60.8 83.5 84.4
6 3 55.7 61.8 84.6 85.7
70 56.9 62.2 85.8 8 6.6
77 58.2 65.2 87.0 88.0
84 59.6 65.4 88.2 89.2

Table 7. Comparison of theoretical and experimental temperatures 
for the case of the reactor running at 200 kW without 
cooling system

Time(min.) Maximum temperature of water in the core [°C] Maximum fuel surface 
temperature ( Cl

Theoretica1 Experimenta1 Theoretica1 Experimenta1

10 44.7 47.3 65.7 64.820 45.8 48 . 2 66.7 66.230 47.0 50.0 67.8 67.440 48.2 52.1 68.9 69.050 49 . 4 53.9 70.0 70.560 50.6 54.2 71.2 71.470 51.9 55 . 4 12.4 72.880 53.1 56.8 73.6 73.990 54 . 4 58.7 74 . 7 75.1100 55.7 59.6 75.9 76.3110 57.0 61.1 77.2 77.4120 58 . 3 62 . 4 78.4 78.5
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4. CONCLUSIONS

Significant experimental and theoretical transient thermal 
hydraulic data have been obtained for the Da la t reactor . As a 
result of natural convection roolinq,water and fuel equilibrium 
temperatures are quickly reached during reactor start-up and shut
down . I n the absence of the primary coolant pump,natural convection 
cooling by the tank water is sufficient by itself to assure good 
cooling of the core after shut-down. Moreover,this cooling 
mechanism is sufficient to allow the reactor to be operated 
without the heat exchange system for some considerable time. This 
time depends on reactor power,and may be several hours at lower 
power level.
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EXPERIMENTAL INVESTIGATION 

OF THE NEUTRON PHYSICS CHARACTERISTICS 

OF THE DAIAT NUCLEAR RESEARCH REACTOR
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Center of Nuclear Techniques, Ilo Chi Minli, Vietnam 

Ha Van Thong
Nuclear Research Institute, Dalai, Vietnam 

ABSTRACT

The Dalai nuclear research reactor was reconstructed from the TRIG A MARK 
11 reactor installed in 1963 with a nominal power of 260 kW. The now reactor 
reached its planned nominal power of 500 kW for the first time in February 1984. 
Investigation of the neutron physics characteristics of the Dalai, reactor has boon 
carried out in the coiuse of its operation. The main result obtained is os follows:

- The effective fraction of delayed photon outruns and the extraneous neutron 
source left after reactor shut down are measured.

- The lowest power levels of critical stales of the reactor arc determined.
- The perturbation effect is investigated when a wafer column or a plexiglass 

rod is substituted lor a fuel element.
- The relative axial and radial distributions of the thermal neutrons measured 

and the geometrical parameters of the core such as the inhomogeneous coefficients, 
the bucklings, the effective height and radius, the extrapolated distances are 
obtained.

- The thermal neutron distributions are measured around the old graphite 
reflector.

1. INTRODUCTION
The Dalat nuclear research reactor was reconstructed from the TRIG A MARK 

II reactor installed in 1963 with a nominal power of 250 kW. In 1976 all the fuel 
elements of the TRIG A reactor had been dismounted and taken away, which 
effectively caused the reactor to stop its operation. Reconstruction of the reactor 
with u higher operation power of 500 kW was accomplished with a Russian 
technological assistance. The new reactor reached its planned nominal power of 
500 kW for the first time in February 1984.

The Dalat reactor is unique of its kind in the world: The Russian-designed 
core is harmoniously integrated into the. left-over infrastructure of the
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American-made TRIG A research reactor. The undlsmountod components of the 
former reactor are the reactor tank, the concrete shielding, the graphite reflector, 
the beam tubes and the thermal column.

The new cure is loaded with the ltussian-mado VVR-M2 fuel elements of 
uranium-aluminum alloy. An amount of beryllium material Is placed at the center 
of the core, forming a neutron trap, and at the periphery of the core, forming a 
supplementary reflector. The existence of beryllium material introduces an 
extraneous neutron source induced by Bo(y,n) reactions.

The extraneous neutron source enhances power levels of critical states of the 
reactor in neutron physics experiments of up to several hundreds watts. It loads 
to the fact that the measurement of neutron physics parameters in this reactor 
is more difficult than in a critical assembly or a "pure" reactor In its physics 
start-up stage, where experiments are carried out at power levels of a few watt.

• The paper presents the investigation result of the neutron physics 
characteristics of the Dalat reactor: The effective fraction of the delayed 
photoneutrons, the extraneous neutron source left after the reactor is shut down, 
the lowest power levels of reactor critical stales, the neutron field perturbation 
effect, the relative axial and radial distributions of thermal neutrons in the core 
and around the graphite reflector.

2. REACTOR DESCRIPTION
A view of the Dalat reactor is presented in Fig.l, in which now components 

consist of the reactor core, the extracting well and the cooling system. The reactor 
core of a cylindrical shape with 43.6 cm diameter (Fig.2) is surrounded by the 
old graphite reflector of 34.0 cm thickness. The reactor Is loaded with 89 fuel 
elements ofVVR-M2 type. A fuel element has an overall height.of 86.5 cm including 
60 cm uranium-aluminum fuel part (36% enriched U236) that consists of three 

coaxial tubes of 2.5 mm thickness. A tube is made of a 0.7 mm fuel layer sandwiched 
in by two aluminum cladding layers of 0.9 mm thickness (Fig.3). The average 
mass of y235 -n fresh fuel element is 40.3 g.

Irradiation facilities inside the reactor core consist of n neutron trap, a wet 
channel and two vertical pneumatic transfer tubes. The reactor is controlled by 
six boron carbide rods (two safety rods AZ1-AZ2 and four shim rods KC1-KC4) 
and an automatic regulating stainless steel rod Alt.

An additional beryllium reflector layer is inserted between the active core (the 
fuel region) and the graphite reflector. The equivalent radius of the active core is 
18.9 cm and the average thickness of the beryllium layer is 2.9 cm.

3. DELAYED PIIOTONEUTRONS

Delayed neut rons in the Dalat reactor come from two contributions: the delayed 
neutrons from fission and the delayed pholoneulmFis*()',n) react ions Induced 

by gamma rays of energy greater t han 1.66 MoV on beryllium material. 
Determination of the delayed pholoneul runs plays an Important role in studying
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the reactor kinetic property and estimating the neutron source left after the reactor 
is shut. down.

The time spectrum of the delayed neutrons is measured when the reactor Is 
shut down after 100 hours of continuous operation at. 500 kW power (Fig.4). Fig.4 
shows that the delayed fission neutron counts decrease rapidly and they 
may be neglected at 10 minutes after reactor shut down. The delayed photoneutron 
counts decrease more slowly and remain about 10"'14-10*^ of nominal power during 

60 hours. So the photonoutron source left after reactor shut down gives the neutron 
flux of about 10 -r 10® n/cm2/s during 60 hours.

The delayed neutron spectrum is analysed into 16 components that consist of
nor

6 components of the delayed U fission neutrons and 10 photonoutron 
components. The total effective fraction of the delayed neutrons /?eff consists then 
of two parts: effective fraction of the delayed fission neutrons and /ieff^e,

effective fraction of the delayed photoneutrons. A global estimation from the time 
spectrum gives:

/WrUu = (0.49 ± 0.02)% pM

/WU = 1 - Airrliu = 99.51%

Table 1 presents the /3K|T //*eir ratio function of the mpu/iU(j mass ratio for 
several various media. It is obvious that the PoftiPaft lutio increases with the 
mBc/mU mass ratio.

Table 1. /^efflio//^0fr ratio as function of mpu/nuj mass ratio

iaiVmU if H<i( uroncu

8.6 0.40% This work
1777-3112 2.20% m

Pui» Ixiryllium 2.31% [21

4. LOWEST CRITICAL POWER LEVELS

The determination of lowest critical power levels of the Dalai reactor containing 
an extraneous source is interesting from the view point of safety in the reactor 
start-up process and from the requirement of finding possible low powers for 
neutron physics experiments.

The experiment was carried out in March 1992 at 10 days after the reactor 
was shut down following 100 hours of its continuous operation at 500 kW power. 
The two safety rods were withdrawn completely, the four shim rods wore placed 
at 20.5 cm in depth and the regulating rod at the 55 cm. The reactor power was 
6.7 10"(>Pn, where Pu is 500 kW nominal power. The reactor power was increased 
by shooting a cadmium sample from the reactor t ore using a pneumatic transfer 
system. It is equivalent to an insertion of a positive reactivity of/> — 4.67% fiaif.

Fig.5 shows the neutron density response to the positive stop changes in 
reactivity, The density curves in subcriticnl suites increase and attain the stable 

values. They are well described by the subcriticnl reactor kinetics theory [3] with
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the positive step changes in reactivity of p — 4.67% /90ff.

The critical slate of the reactor is observed when the four shim rods are located 
at 28.4 cm in depth and the regulating rod is withdraw continuously from the 
depth of 40 cm to the depth of 20 cm. The lowest, critical power depends on the 
beginning depth of the regulating rod. The values obtained are from 1.6 10‘B Fn 
to 4.2 10'6 Pn for the beginning depth from 40 cm to 60 cm of the regulating 
rod.

The range of the lowest critical powers depends again on the time after the 
reactor is shut down (Fig.6). They have the values from (0.5 + 1.2) TO*4 Pn, i.o. 
25 W + 60 W, to (1.1+ 1.6) 10'6 Pn, i.e. 5.5 W + 8 W, at 4 days to 13 days after 
reactor shut down.

In the just critical situation, k-1, the neutron density or power level will rise 
at a linear rate [3]:

P8
i>(t) = —— t + pc CD

i + mnAin) 
m = l

where P8 = (1.93 ± 0.01) 10"8Pn is extraneous source power, Pc is critical power 
without extraneous source, 1 is prompt neutron lifetime, flm and Am are delayed 
neutron fraction and decay constant for the itl1 precursor.

10 days after reactor shut down the reaclxir power can be expressed as follows:
P(t) = 5 10'8 Pn t + Pc (2)

This formula shows that during the first 1000 sec in the critical situation the 
first term on the right hand is greater than 300% of the second one of 1.6 10 °Pn. 
It means that the reactor power is not. just constant but rapidly increases. In 
order to decrease the power variation bo the value of less than 10% it is necessary 
to take critical power of 5 10*4Pn.

In Fig.6 the critical power is plotted against the time after the reactor is shut 
down so that the first term on the right hand of formula (2) equals 300% (curve 
a), 100% (curve b), 10% (curve c) and 5% (curve cl) of the second one during 1000 
sec. From Fig.6 it is obvious that the lowest critical power measured varies in 
the range of (100 + 300)% during 1000 sec. These variation limits are too large 
for practical use of the reactor. They have to be reduced to the values of about (5. 
-r 10)% to sustain the stable criticality of the reactor. Therefore critical power 
must be chosen greater than 1 10*,,Pn or 500 W.

5. NEUTRON FIELD PERTURBATION EFFECT

The measurement of the distribution of neutron field in the Dalat reactor is 
unable to be carried out by activation of foils placed on the surface of fuel element 
because of high power levels of the reactor as mentioned In Section 4. It is possible 
to replace the measurement of the relative distribution of neutron field on the 
surface of fuel element by the measurement in a replaced material if one proves 
that the replacement induces a perturbation of the neutron field.
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The perturbation of neutron field leads to the fact that the relative change of 
both the neutron density Noon the surface of fuel element and the neutron density 
in replaced material, A = (N0 - N) / N0, is constant, depending only on the type 
of the replaced material and non depending on the position yf the fuel element 
[4j. For the Dalat reactor it is necessary to check the perturbation effect of the 
replacement .of the fuel element by another material, for example, by a water 
column or a plexiglass rod.

The experiment is carried out for the reactor core loaded with 85 fuel elements. 
The axial distribution of the thermal neutrons is measured at 6 water columns 
by the activation of Cu foils at 2.6 kW power. After that a solid plexiglass rod 
having the same outer size of a fuel element is placed in a water column. The 
measurement of the axial distribution of thermal neutrons inside the center line 
of the plexiglass rod is carried out for these 5 water columns. Experimental result 
shows a similarity of each pair of relative distribution curves of thermal neutrons 
for each water column and replaced plexiglass rod.

The coefficient A is constant in the error range for these 5 measured positions 
and equals about 10%. This result is of great importance because the size of fuel 
element can not ho considered very small in comparison with the size of the core. 
Furthermore, investigated water columns are distributed at different locations of 
the core: two close by the neutron trap, two close by the beryllium reflector and 
one at the middle of the active core.

The perturbation effect induced by the replacement of the plexiglass rod for 
the water column is verified by two independent, methods.

The first method: The replacement of the water column by the plexiglass rod 
introduces a small positive reactivity which is proportional to the square of neutron 
density at the perturbed center according to the perturbation theory [5]. The 
constancy of the proportional coefficient is obtained for nil the investigated 
positions.

The second method: The perturbation may cause a st rong change of the neutron 
density at the replaced position but no significant change at the other places in 
the core [4]. This effect Is also verified for the considered positions.

The perturbation of the neutron field is checked for the replacement of the 
fuel element by the plexiglass rod using the second method.

From the experimental result it is concluded that the replacement of the 
measurement of relative distribution of neutron Held on the surface of fuel element 
by that in the water column or the plexiglass rod is acceptable. This experimental 
method will be used for the measurement of the spatial distribution of the thermal 
neutrons presented in Section (>.

0. SPATIAL DISTRIBUTION OF THE THERMAL NEUTRON FIELD
The replacement of the former TRIGA reactor core by the new core with the 

neutron trap at the center and the supplementary beryllium reflector layer at the 
periphery makes the active core to have a rim shape with 4.3 cm inner radius,
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18.9 cm outer radius and GO cm height. So the thickness of the active core is 14.G 
cm that is equal to 4 4 5 times of the fuel element, size. The active core is 
surrounded by the beryllium and graphite reflectors. The material above and 
under the active core consists of aluminum and water. This narrow active core 
contains 89 fuel elements, 7 control pods and 8 irradiation facilities. Therefore 
the spatial distribution of the neutron field will he complicated.

The measurement of thermal neutron field distributions Is usually carried out 
at few watts power by activation of foils placed on the fuel element surface. This 
is difficult to apply for the Dalnt reactor because of Its high critical powers as 
mentioned in Section 4. As analysed in Section 5, the measurement may be carried 
out by foil activation in a water column or on the surface of a dummy element 
made of plexiglass instead of the fuel element. In t he experiment the ( hi foils are 
irradiated at 2.5 kW in 15 minutes.

In Fig.7 are presented the axial distributions of the thermal neutrons at the 
positions 7-3, 7-9 and 1-4 for some combinations of the control rods’ depths. Fig.8 
shows that almost all the curves have nonsymmetrical shape which can be 
expressed analytically ns follows [G]:

<I»(z) = [A -I- C(z-30)] cosBz(z-30) (3)
where A, C, By are constants, C = 0 for symmetrical curve and Bz is an axial 
buckling.

Table 2. Neutron physics parameters of the Dalai reactor.

VavamuLevti Experimental data Calculated & TRIG A 
da In

Power 500UW TRICA: 250kW
Fuol element, type VVR-M2 TRIGA: U-Zrlln
Critical coixi loading

- without neutron trap 09 fuel elements 77-80 [81, G9 [101
- with neutron trap 72 fuel elements 77-80 181, 72 [10|
- operational core loading 89 fuel elements 04 [4|", 80 [10]

Maximum thermal neutron tlux, a/cm^/s 2.1 I0M 2.28 10u [101

Effective delayed neul.mn fraction,
/U«U •
A„,u

<ii'i!i>o.oy.)//ll(r

1.8 101-* [81
0.81 \Q 2 [81

Inhomogeneous coefficients
- radial l 77it) 11 1 71 [8|, 1.74 [10|
- axial 1.92.1.0 01 1.35 [8, 101

Budding, m ^

■ radial 8-i.t»±r..f, 84.0 [9]
- axial 1 0.0 ±0.0 10.4 [91

Effective size, cm
- radial 27.0± 1.0 20.2 [9]
- axial 77.0±0.9 77.7 [9]

Extrapolated distance, cm
- radial 8.7± 1.6 8.8 [91
- axial 8.5±0.5 8.8 [9]

a: Calculation in Itef[8J is carried exit for the core loaded with 94 fuel elements.

The radial distribution of the thermal neutrons in the active core is shown in 
Fig.8. It is obvious that the curve has maximum value nearby the neutron trap,
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decreases rapidly within the first fuel element, after lhat decreases slowly and 
finally raises nearby the beryllium reflector. This distribution can be expressed 
by the two-group neutron diffusion theory |7]:

<)>(r) = aj JJa2(r-a3)J -I a4 I0|a5(r-n3)] (4)
where J0 and I0 are the Bessel functions, aj -*• a5 arc constants.

The constants in the expressions (3) and (4) are determined from experimental 
data by the last square fitting method. So the geometrical parameters of the core 
such as in Homogeneous coefficients of neutron field in axial and radial directions 
kz and kr, axial and radial bucklings Bz2 and Br2, effective height Ilc/f and 
effective radius axial and radial extrapolated distances Az and A,, are obtained 
(Table 2). In Table 2 are also presented calculated values of the above - mentioned 
parameters [8, 9, 10] which agree well with the experimental result.

7. DISTRIBUTION OF TIIE THERMAL NEUTRON AROUND THE 
GRAPHITE REFLECTOR

The active core of an equivalent radius of 18.9 cm is surrounded by the beryllium 
layer of 2.9 cm average thickness and the graphite reflector of a rim shape with
45.2 cm inner diameter and 34.(5 cm thickness. Inside the graphite block there 
are three big holes coaxial with three horizontal beam tubes. A deep drain of 30 
cm depth and 7 cm width is made on the upper part of the graphite reflector for 
installing the rotary specimen rack which has 40 irradiation holes with diameter 
of 3 cm and depth of 20 cm in distance of 35 cm from the active core center and 
operates completely in water.

The defemination of the thermal neutron field distribution inside the graphite 
reflector is unable because of its solid structure. Therefore the measurement is 
carried out by the irradiation of Cu foils at t he inner and outer surfaces and on 
the upper surface of the reflector. The axial distribution curves at the inner and 
outer surfaces have nonsymmetrical shapes. There is a difference between these 
curves but not significant. The radius distribut ion of the thermal neutrons on t he 
upper surface decreases with radius and has a gi vat. value at the position of t he 
irradiation water hole (Fig.9). The experimental data may he described by the 
two-group diffusion neutron theory [71. The calculat ion shows that the curve has 
a maximum value at the position of about 22.5 cm in the boundary of the beryllium 
layer and the graphite reflector.

The distribution of the thermal neutrons around the rotary specimen rack is 
determined by the activation of Cu foils placed at 20 irradiation holes. Fig. 10 
shows tlie experimental result of <l>/<<b>, where <<!>> Is the average value of the 
20 measured data. From Fig.10 it is seen that there is a nonsymmentry of the 
distribution: the holes at the direction of the 1 and 2 horizontal tubes have values 
greater than the holes at the 3 and 4 horizontal tubes direction. The 
nonsymmentrical value is 1.27

8. CONCLUSION
The main result of the investigation of the neutron physics characteristics of 

the Dalat reactor is as follows:
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- The effective fraction of delayed photoneutrons induced by Be(y,n) reactions 
is 0.49% /Jeff and the extraneous neutron source left after reactor shut down gives 
the neutron flux of lO^-f lO8 n/cm2/s.

- The lowest power levels of critical stales of the reactor are about f) W r (>() 
W due to the existence of the extraneous source, but power level must be chosen 
greater 500 W for neutron physics experiments In sustain the stable criticality 
of the reactor.

- The perturbation effect is obtained when a water column or a plexiglass 
rod is substituted for a fuel element. In consequence, the measurement oT the 
relative distribution of thermal neutrons in the reactor may bo carried out by the 
activation of foils placed in a water column or on the surface of a solid plexiglass 
rod instead of on the surface of a fuel element.

- The relative axial and radial distributions of the thermal neutrons are 
measured and the geometrical parameters of the core such as the inhomogeneous 
coefficients, the bucklings, the effective height and radius, the extrapolated 
distances are obtained.

- The thermal neutron distributions are measured around the old graphite 
reflector.

9. ACKNOWLEDGEMENTS
The authors are indebted to Prof. Pham f)uy I lien, Drs. Vu Uni Long, Tran 

Ha Anh, Nguyen Tac Anh, Pham Ngoc Chuong and Engineers Ngo Phu Kliang, 
Pham Van Lam for useful discussions. It is a pleasure to acknowledge the efforts 
of the reactor staff, and the equipment, assistance from the Nuclear Physics 
Department and Radioprotection Department.

REFERENCES

1. S.R. Keepin. Physics of Nuclear Kinetics.
Addison - Wes lay Publishing Company, luc., 1955.

2. A.K. Krasin of al.
Proceedings of 2nd Geneva Conference, 12,571,1958.

8. 1/n'en C. Schmid. Critical assemblies and reactor research.
John Wiley & Sons, Inc.,1971.

4. A.D. Galanin. Theory of heterogeneous reactor.
Moscow, Atomizdat, 1971 (in Russian).

5. X.N. Feinborg, X.B. Sichov, V.B. Troiansky. Theory of nuclear reactors. 
Moscow, Atomizdat, 1978 (in Russian)

6. L.S. Tong and J. Weiinan. Thermal Analysis of PWR. ANS 1970.
7. R.l. Murray. Nuclear Reactor Physics.

Englewood Cliffs, N.J. Prent.ice-IIall, Inc.,1957.
8. Technical design for reconstruction and expansion of the Dalat research reactor. 

Vol.3, 1979 (iii Russian).
9. Nguyen Phuoc Ion. Calculation of the reactor physics parameters of the Dalat 

nuclear research reactor. To be published.
10. Nguyen Phuoc Din, I la Van Thong, Ngo Qunng Huy, Do Qiumg Binli. 

Calculation of fuel burn-up and fuel reloading for the Dalat nuclear research 
reactor. To he published.

231


