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LY NOI PAU

Ld phan ung hat nhan D3 lat (LPUHNBL) dudc khdi phyc tu 10 TRIGA
Mark II, b4t dau hoat ddng niam 1963 vdi cdng sudt danh dinh 250 kW. Nam
1975, khi rdt quan khéi mién Nam, My da mang di hét c4c thanh nhién liéu
uranium lam cho 10 phan ung (LPU) khdng hoat dong dudc nia.

Pudc su giup d8 cua Lién xd (cl), cdng trinh khdi phyc va md rong
LPUHNDL dugc tién hanh trong cdc ndm 1982 -1984. Ngay 1/11/1983
LPUHNDL dudc nap nhién liéu dén trang thai tdi han. Sau mét thdi gian khdi
déng vat ly va khdi dong nang lugng, ngay 20/3/1984 LPU da chinh thuc dua
vao hoat ddng vdi cdng suét thiét k& 500 kW.

Viéc khoi phuc LPUHNDL thyc chét 1a trang bj lai hau hét cac hé cong
nghé. Cac thanh phan ci cua 10 TRIGA Mark Il con gil lai 1a vanh phan xa
graphite, thung 10 bdng nhdm, 4 kénh ngang thi nghiém, cdt nhiét va tudng
bé tdng cdn xa sinh hoc. Cac hé thdng cong nghé mdi clia Lién x6 dép ung
nhu cau nang cong sudét 16 1én gap doi, 500 kW, va nang cao muc dd an
toan buc xa. Cac hé nay gébm ving hoat, hé théng tai nhiét cho nudc LPU,
hé théng diéu khién va bdo vé, hé théng kiém tra an toan buc xa, hé thdng
thdi khi phéng xa, hé thdng x{ Iy chat thai phdng xa ldng, hé thdng chdén cat
cdc b thai phong xa, hé théng cung cdp dién céng nghiép uu tién va dién
sy co ...

Trong céc hé cdng nghé néu trén, vung hoat cla LPU la thanh phan
quan trong nhat. Vang hoat mdi sl dung cac thanh nhién liéu loai VVR-M2
cua Lién x6, la hgp kim uranium-nhdém, dat Iot vao trong vanh phan xa
graphite ci cua 16 TRIGA Mark Il. M4t lugng beryllium dugc dat vao tam
vung hoat, tao nén mdt bay notrén, va § mép ngoai vung hoat, tao nén mét
vanh phan xa bd sung.

LPUHNDL la LPU duy nhét trén thé gidi lai tao gitta loai 10 TRIGA cua
My va loai 16 VVR cla Lién xd. Bung vé phuong dién vat ly 16 phdn ung,
LPUHNDL cé ba dac diém chinh sau day khac vdi 16 TRIGA:

1. Céc thanh nhién liéu loai U-ZrHp cla 16 TRIGA, c6 hé s phan hoi
am Idn theo nhiét dd, dudc thay bang cdc thanh nhién liéu VVR-M2, |a hgp
kim uranium-nhdm c6 hé sd phan héi &m bé theo nhiét do. Diéu dé cé nghia



1a thay ving hoat cé tinh chat an toan ndi tai cao bdng vang hoat cé tinh an -
toan noi tai thap hon.

2. Viéc dua vao vung hoat mot bay notron & tdm va mot vanh phan xa
beryllium bd sung & vanh ngoai lam nang cao méat do thong lugng notron &
tdm ving hoat va lam cho ph&n bd trudng notrén trong vung hoat trd nén
phuc tap hon.

3. Viéc dua thém vat liéu beryllium vao ving hoat dan dén sy xuét
hién cac phéténotrén tré do tuong tac cla cdc gamma nang lugng trén 1,66
MeV vdi vat liéu nay. Cac phétonadtrén tré c6 thé c¢é anh hudng dén dong
hoc LPU va van hanh LPU.

Viéc nghién cuu cac dic diém nay cla LPUHNDL Ia van dé Iy thu ca
ti phudng dién vat ly LPU l&n phuong dién bado ddm van hanh an toan 1o.
Trong tuyén tap nay tap hop mét sé bao cdo khoa hoc va céng trinh khoa
hoc cla tap thé cac can bd khoa hoc Vién Nghién cdu hat nhan Da lat va
Trung tdm ky thuat hat nhan TP H® Chi Minh thyc hién trong 10 nam 1984 -
1994. Ndi dung tuyén tap gdbm hai phan chinh:

1. Bao cdo khdi dong LPUHNDL, trinh bay cdc két qua khdi dong LPU
ti thang 11/1983 dén thang 2/1984. B4ao c4o gdbm 3 phan:

a. Kh&i déng vat ly vdi cdu hinh ving hoat khéng ¢6 bay notrén, nhdm
xac dinh khéi lugng téi han clia ving hoat.

b. Khdi dong vat ly véi cdu hinh ving hoat cé bay notrén, nham tao
vung hoat lam viéc sau nay va xac dinh cac dac trung vét ly.

c. Khdi dong néng ludng, xac dinh va nang cong sudt 10, van hanh &
cong sudt danh dinh va xac dinh cac déc trung nhiét thiy dong.

2. Céc codng trinh nghién cdu vé cdc thong sé vat ly 10 va nhiét ky
thuéat trong qua trinh hoat dong cla 16 trong 10 ndm qua. Cédc két qué thuc
nghiém va tinh toan ly thuyé&t gom : xac dinh phan hiéu dung va thanh phan
cac photonotron tré, ngudn phétdnotrén tré con lai trong 10 sau khi ding 10,
cac muc cdng suét tSi han t8i thiéu cla 19, hiéu ting nhidu loan trudng notrén
trong ving hoat khi thay thanh nhién liéu bang vat liéu khac, cac phan bd
theo chiéu cao va theo ban kinh vung hoat cla notron nhiét, dé phan ung
duong cuc dai dua vao vang hoat ma khdéng gay sy ¢d vé cdng sudt, hé sb



nhét dé cha dd phan ung d6i vdi nudce, hiéu Ung nhiém ddc Xé ndn, xdc dinh
nhiét 30 bé mat cac thanh nhién liéu, cdc dac trung thly nhiét trong cac diéu
kién chuyén tiép, tinh toan dé chay cla nhién liéu ...

Céc bao cdo va cdng trinh khoa hoc trong tuyén tap nay, la mot phan
trong nhiéu k&t qua nghién cttu vat ly 16 phan dng déi véi LPUHNDL cua
Vién Nghién cdu hat nhan Pa lat va Trung tdm Ky thuat hat nhan TPHCM
trong 10 ndm qua, nham lam sang tb modt vai khia canh vé ba tinh chit dac
thu clla LPUHNDL nhu da néu trén. Doc gid c6 thé tham khdo céc cong trinh
khdc dugc cdng bd trong nudc va ngoai nudc dé cé mét cai nhin téng quat
va day du hdn. Tuy nhién viéc tap hgp tuong doi cé hé thdng mét sé bdo céo
va cbng trinh nay hy vong déng gép dugc modt phan nhd dé gidi thidu cac
hoat dong nhiéu mat cta LPU trong 10 ndm qua va danh diu ngay ky niém
10 n&m khanh thanh LPUHNDL.

P& cé dugc cac bdo cdo khoa hoc va céc cong trinh khoa hoc trong
cdc na&m qua trén LPUHNDL, chdng téi xin cdm on Ban Giam d8c Vién
Nang lugng nguyén ti quéc gia ( nay la Vién N&ng lugng nguyén tu Viét
nam) va Ban Gidm déc Vién Nghién cdu hat nhan Da lat trong viéc 1anh dao
thanh cong khéi phuc va dua LPU vao hoat ddng. Vdi tinh cdm mén phuc,
chung téi xin cdm dn cdac anh chi da tham gia khoi phuc LPU trong diéu
kién khé khan cua nhing ndm dau thap ky 80. Xin cdm dn Phong 10 phan
Ung va cac kip van hanh 16 tao nhiéu diéu kién thuén Igi va giup dd tién
hanh thi nghiém, Phong Vat ly hat nhan ung dung va Phong an toan buc xa
trong viéc cho phép su dung cédc hé do buc xa. Chung tdi xin chan thanh
cdm on cac nha khoa hoc va ky thuat da thio luan va cé nhiéu y kién séu
s&c trong nhidu ndm qua dbi vdi ndi dung cdc cong trinh néu trong tuyén tap
va mong nhan dugc nhiing y ki€n déng gop tiép theo trong thdi gian téi vi
tuyén tap nay chic chin con nhidu sai sét.
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" BAO CAO
KHOI DONG LO PHAN UNG HAT NHAN DA LAT

Trong Bédo cédo nay trinh bay két quad khdi dong 16 phan dng hat
nhan Da lat, gdbm ba phan:

- Phan 1: Khdi ddng vat ly véi cdu hinh ving hoat khdng c6 bay
ndtron, xac dinh khoi lugng tdi han.

- Phdan 2: Khdi ddng vat ly vdi cdu hinh ving hoat ¢é biy notron,
xac dinh mot sd déc trung vat ly.

- Phdn 3: Khdi déng n&ng lugng, van hanh 3 cdng suét danh dinh,
xac dinh dac trung nhiét thiy dong.

Sau thgi gian khdi dong L6 phan ung, nhém khdi ddong da bién soan
(b&ng tiéng Nga) céc tai liéu nghiém thu k¥ thuat va bién ban tém tét cac két
qua vat ly. Ban bdo cdo nay téng hop céc du liéu ghi chép trong qua trinh
kh&i dong, dac biét trong Nhat ky khdi ddng va Van hanh Ld phan ung.

CAC CAN BO THAM GIA TRYC TIEP KHOI PONG LO PHAN UNG

1. Phia Viét nam :

Pham Duy Hién, Ngd Quang Huy, V3 Hai Long, Tran Khanh Mai,
Nguy&n Ding Nhuan, Tran Khic An, Nguyén Nhj Dién, Nguyén Ngoc Lam,
pd van Hiép, Pham Xuén Phudng, Nguyén Trudng Sinh, Pham van Lam,
Duong Quang Tan, Trudng Cam Ranh, Nguyén T4c Anh, Luong Ngoc
Chau, Lé Vinh Vinh, Huynh B8ng Phuang, Nguyén Thi Nang, TU van Nghra.

2. Phia Lién x6 (cd):

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



CAC CAN BO THAM GIA LAP RAP VA CHUAN B| CHO
LO PHAN UNG HOAT PONG

Pé khdi dong dugc 1& phan Ung ding ngay qui dinh, can bd Vién
Nghién cdu Hat nhan Da Lat da lao dong hai ca trong diéu kién thdi tiét mua
bado cla cudi ndm 1983. Dac biét tham gia tich cyc trong giai doan l&p rép
16 va chudn bi khdi déng ¢6 cdc can bd sau day :

1. Cdc can bé trong Ban quan ly céng trinh:

Pham Khéc Chi, Trinh Hdng Linh, L& thanh Liém,Bui van Quyén, Ha
Pang Tién,Nguyén Thi Thanh.

2. Cdc cdn bé lanh dao va KHKT cda Vién NCHN BDL:

Nguyé&n Méng Sinh, Pham Quéc Trinh, Tran LAm, Nguyén vin Dé,
Ngé Phu Khang, Ha vin Théng, V3 Qudc Lap, Nguyén Viét Long, Nguyén
van Quy, Hoang Xuan Vi, Phan vin Hidu, Nguydn Thé Ky, Lé Minh Tuén,
Phan Céng Thuyét, Vi Trung Hiu, L& van Sd, Phan Tryc,Tran Tich Canh,
Hoang van Nguyén, Nguydn vin Hung, Nguyén B4 Hung, Nguyén van
Long, V@ Xuan Biét, Tran van Nguyén, Doan Ai Thu, .v.v.

3. Cdc cdn bé tu Trung tdm ky thudt hat nhan TP. hé Chi Minh :

Nguyén Vin Dat, Nguyén Méng Hlung, Vi Huy Thue, Nguyén thi Thu,
Nguy&n Qudc Binh, Hoang van Hung, Lé thi Phung, Nguyén Lé San, .v.v.

4. Céng ty xdy dung sé 14 va Poan chuyén gialién xé (cd).

Dé c6 thé khdi dong Lo phan Ung ding tién dd, phan déng gép quan
trong thudc vé CB-CNV Céng ty xay dyng sd 14 do KS Nguy@&n Thiém Iam
Giam d8c. Cdng ty da tién hanh cdng viéc xay |&p td dau ndm 1982 va hoan
thanh vao gidla nam 1984, trong dé nhing phan viéc chu yéu cd lién quan
dén khd&i dong 10 dugc gdp rut hoan tat. Doan chuyén gia Lién xd (cd) do KS
Ulitin 1am trudng doan ciing déng vai trd rdt quan trong trong viéc xay lap,
dua vao khdi dong va van hanh Lo phan ung.
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BAO CAO
KHOI BONG LO PHAN UNG HAT NHAN DA LAT

PHAN 1

KHOI DPONG VAT LY LO PHAN UNG HAT NHAN PA LAT
” ~ - - -~ ’ ~
vOl CAU HINH VUNG HOAT KHONG cO BAY NOTRON
(30/10/1983 - 1/1 1/1 983)

Pham Duy Hién, Ngdé Quang Huy, Vi Hai Long, TrAn Khanh Mai

I- TINH HINH CHUAN B| CAC HE CONG NGHE

1- Lap 16 phan ding : LAp bé chua nhién liéu tu 10/8 d&n 30/8 va
IAp vung hoat Id phan uUng ti 30/8 dén 28/10/1983.

2- NuSc cat : San xuét nudc cét du sb lugng (khoang 30m3) dé
ria thung 16 va hé nudc vong 1, chét lugng nudc bao dam. LAy bé chua
nhién liéu lam bé chua nudc c4t trung gian va s dung hé thdng loc nudc
dé loc nudc & bé nay.

3- Hé nudc vong 1 va 2 : L&p xong hé nudc vong 1 va vong 2
ngay 29/10. Céng trinh s 7 (thap 1am ngudi) chua 13p g xong, nhung
khong anh hudng dén viéc khéi dong vat ly cla 16 phan ung. Tuy nhién
phia Lién x0 yéu cau chua cho hé nudc vong 1 chay vi s8 dudng 8ng va
binh trao ddi nhiét gay bdn cho nudc trong 16. Toan bd hé nudc vong 1
va vong 2 sé cho hoat dong ngay sau khi khdi dong 16.

4- Hé théng SUZ va AKNP : C4c phan sau day cla hé SUZ va
AKNP hoat déng dugc

- 6 thanh AZ va KC;

- Céc bubng ion héa DI va DP;

- Cé4c thiét bi hién hinh BVK-14 va hién sd BVX-37 chi thi chu ky
va cdng suat trong céc gidi DI va DP, dat muc bao ddng va su cg;

- Dap 10 khi sy ¢d theo cac thong tin tu cac detecto DI va DP va
theo cdc thong tin tu cac hé thong phy dong (ti 3 6ng dém SNM-11 va
2 budng ion hda KNK-56) qua cdc 16i vao con nghé cua sa dd logic AZ;

- Diéu khién béng tay cac thanh KC va AZ; phan chua hoat dong
can luu y 1a chua didu khién dugc thanh AR.



5- Hé thong dién : D3 dua dién cao thé 6,6 kV vao bién thé mdi
1000 kVA ngay 21/10/83. Hé thdng dién mdi clha Nha 1 dua vao hoat
dong 8n dinh; dién thi cdng van ding bién thé ci 150 kVA.

6- H& thong gid : Hé thong gié Nha 1 hoat dong tét, cho chay
thudng xuyén céc hé thdi P1, P2, P3, P5 va cac hé hat V2, V5, V6.
Ong thai khi cong trinh s3 20 da dung xong ngay 20/10/83.

7- Hé do liéu phéng xa va lléu ké cd nhan : D3 dat xong 11 dau
dd gamma va ti hé mdy do tuong Ung trong phong didu khién P.128 (8
dau dd trong Nha 16, 1 dau dd phong 128, 1 dau dd phong hat loc khi
P.127 va 1 dau do nudc vong 2 tai hanh lang kinh). Chudn bi sdn méy do
liéu gamma xach tay va cdc mdy do beta va anpha tai 16i vao phong 10.
Chudn bj dd but do lidu va bd do lidu cd nhan LTD va IFKU. Xong hé
RKS-2 nhung chua cho lam viéc.

8- Hé thong KIP : Trong s8 cac hé mdy do kiém tra (KIP)
chuén bi xong hé thdng do nhiét doé trong thung |0, nhiét dd 16i ra binh
trao déi nhiét, 4p suét nudc vong 1 va 2, 4p sudt cac hé thdng loc nudc 1o
va nudc bé chiia nhién fidu, mdc nudc trong thung 1o.

9- Hé théng théng tin va clu hda : Chua xong hé dién thoai néi
bd va bdo hda. Dung hé bd dam INTERCOM dé lién hé hai chidu gida
phong diéu khién va mat 1d. SU dung céc binh clu hda.

10- Hé thu nudc phdng xa : SU dung dudng 8ng K3 di xong dé
dua nudc nhidm xa xudng chda trong bén binh chita & tAng ham Nha 2
khi c&n thiét.

li- HE THONG PHY DONG DUNG TRONG KHG! BONG LO

Hé thdng phy dong phuc vy khdi ddng 10 gdm cdc detecto natron
dat tai cac kénh ngang s6 1, sé 2 va sd 4 va céc thiét bi ghi do tuong Ung
(chl thi cdng suat P va chu ky T, chl thi dém clng nhu cung cdp céc tin
hiéu sy ¢4 AZ va canh bdo PS). S do ghép ndi nhu sau :

- Tai kénh ngang sé 1

PénghdchlithiP & T

KNK-56 f>—IBUE2-15- ZPT2-01

L | |

Y
Y

Cac tin hiéu AZ va PS




SNM-11 {>— PU2-1 :

SPU1-1M

Hé chi thi dém

A\

- Tai kénh ngang s6 2

Cac tin hiéu AZ va PS

pong hd chithiP & T .

Céc tin hiéu AZ va PS

Hé chl thi dém

- Tai kénh ngang s6 4

KNK-56 BUE2-15 +>—{ZPT2-01}—
SNM-11 PU2-1 SPU-1M 1>
|

Loa
Cac tin hiéu AZ va PS

UiM-2

Nguon nubi 500V

Hé chuyén mach

KNK-56

\v4

KSPV-4

SNM-11 >— PU2-1"-

Y

SPU1-1M

Y

Hé chi thi d&m

Céc tin hiéu PS va AZ

UIM-2




Chd thich : Ky hiéu dung trong cdc sd dd trén nhu sau :

1. KNK-56 : Budng ion héa
D6 nhay véi notron cham 1.10-12 A/(notron/cm2/sec),
D6 nhay véi biuc xa Gamma  1.10°11 A,
Dong lam viéc danh dinh 250 micro A.

2. BUE2-15 : Tién khuyéch dai dong logarit.

3. ZPT2-01 : May do cdng suét theo thang logarit va do téc do
tang
cdng sudt. Trén mat mdy cé cdc ddng hd chi thi cong
sudt P va chu ky tang céng suét T.

4. SNM-11 : Ong dém ndtron
P& nhay y = 1,2 xung/(notron/cm?2),
Phdng gamma = 1 xung / phut khi D = 1000 R/h

5. PU2-1 : Tién khuyéch dai cho 6ng dém SNM-11.

6. SPU1-1M : May dém notron
Mdy cd : - Chl thi s6 dém theo hé co s 2 va ddng hd dém co hoc
(ddng ho ndi tiép vdi hé dém cd sb 2 vdi kha n&ng chon hé s6 dém K ).
- L&i ra cho céac tin hidu canh bdo va sy ¢cd
PS = (15 d&n 25)K/y va AZ = (30 d&n 50)K/y.
Céc tin hiéu AZ tu cac thiét bi phy déng dugc méc ndi ti€p vao hé
logic AZ clia hé th8ng SUZ & chd gianh cho céc tin hiéu céng nghé.

7. UIM-2 : Mdy do téc dé dém notron, chi thi ddng hd xung/s.

8. KSPV-4 : Mdy ty ghi dong tu budng ion héa.
Thang do diéu chinh dudc nhd hé chuyén mach.

Vitrichuyénmach |1 |2 |3 |4 |5|6|7 (8 |9 [10 |11

Dong do (nano A) 02103 (06 |1 |2|5]10|2 {50 |100 {1000
0

(thang do c6 100 vach va gid tri dong do 4 gid tri & vach thud 100).

9. Céc kénh gHi ndtron bang 8ng d€m SNM-11 nédi vdi mdy dém
SPU1-1M dung dé do sé natron N1 (kénh 1),N2 (kénh 2) va N3 (kénh 4).




TU cac s6 liéu nay vé céc dudng cong 1/N dé ngoai suy khdi lugng tdi
han.

Ngoai ra trong qua trinh nap nhién liéu can theo doi :

- May ty ghi KSPV-4 ghi dong cla bubng ion hoda KNK-56 cho
biét do tang cong sudt tuong dai.

- Cdc chi thi cong sudt P va chu ky T trén cdac may ZPT2-01.

- Céac s6 dém chl thj cdng suét trén cac may UIM-2.

- Chi thi cdng suét va chu ky theo cdc kénh DI va DP trén man
hinh va bd chi thi s& 14y ti hé thdng AKNP,

Il- QUA TRINH KHOI DONG VAT LY
1. Piéu kién an toan

DAy 14 qud trinh nap nhién liéu vao vung hoat dé dat trang thai
tSi han, trudng hop khdng cé bly notron. Thuc hién theo "Chuang trinh
khGi déng vat ly 16 phan ung" [1], ¢é thay ddi mét it thyd ty nap céac bé
nhién liéu (BNL) dé thuan tién vé thao tac.

Qua trinh nap nhién lidu bt dau ngay 30/10/1983 vao lic 14h30
va dat tdi han ldc 19h50 ngay 1/11/1983.

Ngudn notron khdi ddng 1 ngudn Californi-252 cé cudng dd 5.107
n/s da dudc dat vado tam vung hoat, 6 7-6.

Ngudng canh bdo PS va sy ¢d AZ dugc dat nhu sau: ddi vdi 46
BNL dau thi PS = 25 x 256/y va AZ = 50 x 256/y d6i vdi ca 3 hé dém
SPU1-1 ghi N1, N2, N3. Tu BNL thu 50 trd di cac gia tri ngudng dugc cho
trong bang sau:

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

2. Khéi lugng tél han

Thu ty va s& lugng nhién liéu nap vao da dugc néu trong [1]. Dé
xét cu thé quéa trinh nap nhién liéu ta nh&c lai nguyén t4c nap nhién
liéu dé dat trang thai téi han 1an dau.

Theo [1}, nhién liéu dugc nap theo tliing nhdm, trong dé 3 nhém dau
moi nhdm 6 BNL. Cdc nhdm tiép theo dudc xac dinh ti thuc nghiém nhu
sau. Goi mk la sd BNL dugc nap & lan thu k dya trén cdc dudng cong
thuc nghiém M = Ni (0) / Ni, i=1, 2, 3 ta nhan dugc gia tri ngoai suy tai M
= 0 cla kh§i lugng téi han thiéu, mk(0). Khi d6 theo [1] s8 lugng BNL
nap vao lan thd k + 1 dugc cho bdi



m(k + 1) = [mk (0) - Tong mk] /4 (1)
Céng thuc nay dua theo quy pham an toan 16 phan dng cua Lién

Hinh 1 trinh bay sd dd nap nhién lidu ving hoat.

Bang 1 trinh bay cdc két qua N1, N2, N3 theo thu ty va sd lugng
BNL dudc nap vao ving hoat va theo vj tri cac thanh diéu khién (2 thanh
AZ ludn rdt khdi vang hoat, vi tri cua 4 thanh KC dugc ky hiéu :

0 = thanh rut khéi vung hoat,
1 = thanh ndm hoan toan trong ving hoat).

D&i vdi hai may dém xung UIM-2 mic § I6i ra clia cdc may SPU1-
1M tU hai kénh ngang s8 2 va s8 4, cac gid tri sudt dém déu gan tring
vdi cac gia tri ghi duge ti cdc may dém SPU1-1M tuong Ung. Mot sé vi
du dudc néu ra, trong ngodc ( ), § Bang 1 cho céc lan nap nhién liéu tu
tha 9 dé thy 12,

Trén Bang 1 c¢dn trinh bay céc gia tri céng suét cla 10 nhan dugc
trén man hinh BVK-14 d&i véi cac budng ion héa DI, DI2, DI3, DP1,
DP2, DP3 va gia trj déng cla clha budng ion héa KNK-56 nhan dugc trén
may ty ghi KSPV-4, ,

Cac hinh 2 va 3 trinh bay cac dudng cong Ni (0) / Ni phy thudc vao
s6 BNL da nap va céc gia tri ngoai suy cla khdi lugng tdi han.

Trong 3 hé dém ndtron phy dong, 6ng dém SNM-11 dat tai kénh
tht nhdt xa ving hoat nén it nhay hadn d8i vdi sy khdng ddi xung khi
nap nhién liéu, do dé dudng cong N1(0) / N1 giam don diéu hon hai
dudng cong 2 va 3.

Bang 2 trinh bay céc thdng sd trong qud trinh nap nhién liéu nhu
s& BNL nap vao cia mdi nhém, mk, gia tri ngoai suy t8i thidu cha khdi
lugng t&i han sau khi nap nhém thu k, mk(0), t8ng s8 cac BNL da nap,
va s6 lugng BNL cé thé dugc nap trong nhém tha k+1, m(k + 1), dya theo
cdng thuc (1). ,

TU cdc s6 lidu cua Bang 2 ta thdy rdng s8 lugng BNL dugc nap
thuc t& I6n hon 2-3 1an so vdi s8 lugng tinh dudc theo cdng thuc (1).
C&n luu y rdng viéc nap nhién liéu nhu vay la khong thdéa man yéu cau
vé an toan 16 phan dng. Tuy nhién do than trong trong qua trinh nap
nhién liéu nén da khong xay ra trudng hgp dap 16 vi sy cd.

3. Qua trinh nap nhién liéu

Trong qua trinh nap nhién liéu cé cdc gidi phdp ky thuat da dugc
thda thuén la :
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Bang 1 - Sy phuy thudc cla céc théng sé khdi dong 16 vao khdi lugng
nhién liéu nap vao vung hoat. ‘

1 -XemHinh 1, 2-VitriKC: 0 =rut, 1 = nhing, 3 - thdigian 1 ian do :
phut, gidy, 4 - sudt dém trung binh cta 3 1an do, 5 - cdng suat cho trén man hinh,
6 -ddng budng ion hda trén may ty ghi.

TT | Vi tri |Vt |Tg | Sudt dém, xung/s Céng suat, %N, KSPV4
----- nap KC [do | N1 N2 N3 | DI Di2 DI3 nA
Sé ph
BNL 1 2 3 4 5 6
0 | NguénCf| 1 51| 18 53 50 /Giatri Ni (0)/
0 7-6 0 5 19 57 54 [ 1.3E-5 3E-6 5E-6 0.051
1 | 6-86, 1 |1 | 28 89 85
— | 8-7, 40
6 |(7-577| 0| 132 99 95 | 2.5E-5 6E-6 1E-5 | 0.053
6-7, 86 40
2 |5-8 1] 1 ]38 126 122 |3.2E-5 1E-5 1E-5 | 0.054
-~ |9-8, 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 1E-5 2E-5 | 0.057
9-5, 5-7 40
4 |4-4 4-5 1 1] 57 209 181 |6.3E-52E-5 2E-5 0.056
--- | 4-6, 4-7 0 1170 255 215 |7.9E-5 2E-53E-5 0.057
24 | 10-4, -5
5 10-6,107 1 11 67 233 256 | 7.9E-5 2E-53E-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
--- 17-3, 84 0 1] 125 433 401 | 1.0E-4 3E-55E-5 0.064
36 | 9-4.7-9 -
7 |5-3,6-3 1 11 131 424 318 | 1.0E-4 3E-5 6E-5 0.062
-- 17-2,8-3 0 1{ 193 629 450 | 1.6E-4 SE-5 1E-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 1E-4 0.066
46 | 8-10

12



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
- {114, (640) (580)
54 | 11-6, 0 1] 364 1276 1161 | 4.0E-4 1E-4 2E-4| 0.085
11-7 (1300) (1050)
11 | 2-4, 1 1]214 839 686 |2.5E-4 1E-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) (1400) | (6.3E-3 1E-3 1E-2)
12 | 3-2, 1 {11256 1018 767 | 2.5E-4 2E-4 | 0.077
- | 10-2, (1000) (720) | (3.2E-3 6E-4 5E-3)
61 | 3-8 0 11796 3203 2338 7.9E-4 4E-4 | 0.110
(3000) (1800) | (1.0E-2 2E-3 2E-2)
13 |11-2,1-8 | 1 1294 1114 950 | 3.2E-4 2E-4 | 0.076
- [ 10-9 1 {1246 4688 3942 | 1.3E-3 6E-4 | 0.132
64 (1.3E-2 3E-3 3E-2)
14 |4-9 1 11346 1200 1064 | 4.0E-4 2E-4 | 0.080
- cac BNL dugc dua vao tung budc '
66 {5-10 0 1 {1917 7259 6406 | 2.5E-3 1E-3 | 0.166
(2.5E-2 5E-3 4E-2)
15 |5-2, 1 11368 1377 1144 | 4.0E-4 2E-4 | 0.082
-~ 19-2 cac BNL dudgc dua vao tung budc
68 |Rut  KC1 1 (482 1877 1553
va KC2 11734 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 1E-1)
16 |9-10 | 1| 1[385 1434 1246 | 4.0E 2E-4 | 0.080
BNL dugc dua vao tung budc (4.0E-3 1E-3 8E-3)
69 | Rut KCf 11495 1928 1741
va KC2 11802 3465 2645
va KC3 111655 6298 4727
17 | Thanh Bel 1 1401 1502 1262 | 4.0E-2 2E-2 | 0.74
-6 71 (40E-1 8E-2 6E-1)
69
TOI HAN KHI KC1=KC2=KC3=0CM VA KC4=6 CM

NHUNGVAO VUNG HOAT
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Bang 2 - Khéi lugng tdi han trong qua trinh nap nhién liéu.

1- S6 BNL nap lan thu k

2- Khéi lugng tdi han ngoai suy sau lan nap k
3- T8ng BNL sau an nap thu k

4- SG BNL nap dugc lan thd k + 1
5- SG BNL thyc nap lan tha k + 1

TT mk mk (0) | Tdng mk | mk+1 | mk+ 1 thyc
1 2 3 4 5
1 6 14 6 2 6
2 6 25 12 3.2 6
3 6 32 18 3.5 (5]
4 6 38 24 3.5 6
5 6 42 30 3 6
6 6 49 36 3.2 5
7 5 49 44 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 d8i thd ty nap nhién liéu so vdi hudng dan [1] vily do thuan
tién trong thao tdc. Nhu vay nhién liéu da khong dugc nap mot cach ddi
xing vao vung hoat. Do dé s@ dém cua ba hé dém notron phy déng
SNM-11/SPU-1M thay d&i khdng don diéu va cac dudng cong Ni (0) / Ni
th&ng gidang Idn (cdc phép do déu dugc &p lai 3 I&n, trd & [an nap cudi,
lan thd 16 va 17 khi da dat tdi han).

K&t qua 1a gid tri ngoai suy t&i thiéu sau mdi lan nap cta khdi
lugng t8i han nhd han gia tri nhan dugc trong trudng hgp nap ddi xung.

- S8 lugng BNL trong mdi 1&n nap nhién liéu nhidu han so vdi
cong thuc (1). Didu nay c6 thé chap nhan dugc tu cdc lap luan sau:

+ Do viéc nap nhién lidu khdng déi xing nén gia tri ngoai suy tgi
thiéu cla khdi lugng tdi han nhd hon khi nap ddi xdng; _

+ Theo tinh toan ly thuyét, khéi lugng tdi han la 77 BNL. Do d6
c6 thé coi s6 lugng BNL tdi han khdong nhd hon 60.

That ra viéc thua nhan qua trinh nap nhién liéu nhu vay la khdng
ding nguyén tac an toan, song mdi ian nap nhién liéu déu xem xét cén
than viéc tang s& dém ndtron tU cac 6ng dém SNM-11 va trong cdc Ian
nap cudi cung co6 s dung quy ché nap ting budc. .

Mat khac, nap khong déi xung trong mdi lan nap, song phai nap
sao cho cac vong BNL bao quanh nguén Cf - 252 (6 7-6) dugc nap day
tU trong ra ngoai. Do dé, sau khi nap day mbi vong, phan b3 nhién liéu
trong vung hoat cling ddi xung.

Vong thu nhat 6 BNL, vong thu hai 12 BNL, vong thd ba 16 BNL,
vong thu tu 18 BNL, vong thi nam 29 BNL, vong thd sau 17 BNL.

Quaé trinh nap nhién liéu cy thé dugc ti€n hanh nhu sau :

- Vong thd nhdt va thd hai duge nap lam 3 18n, mdi 1an 6 BNL
theo dung huéng dan [1]. '

- Vong thud ba dudc nap 1am 3 1an, mdi 1an 6 BNL (cdc nhém thd
4,56 & Bang 1) nhung khong theo thi ty cla hudng dan. Nhém thu 4
gdm cdc BNL gan kénh ngang s8 2, do dé s6 dém N2 ting nhanh, vi
vay trén hinh 2, dudng cong N2 (0) / N2 giam nhanh hdn dudng cong
N3(0)/N3. Nhém thi 5 gdm cdc BNL ndm gén kénh ngang s8 4, do dé
dudng cong N3(0) / N3 gidm nhanh. Nhom thu 6 gom cdc BNL gan kénh
ngang sd 1 va s6 2, do dé N2(0) / N2 gidm nhanh han N3(0) / N3. Tu dd
thi Ni(0) / Ni ta thdy réng gid tri ngoai suy t8i thiu khdi lugng téi han
trong cdc trudng hgp ndy nhd han trudng hgp nap ddi xung.

- Vong thu tu dudc nap 4 1an (cdc nhém 7, 8, 9, 10). Nhém thu 7
gdm 5 BNL ndm gilia cac thanh KC2 va KC3, nhém thi 8 gdm 5 BNL tu
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KC1 dén KC4. Nhéom thd 9 gdbm 4 BNL ndm hai bén thanh AZ1. Nhém
th 10 gdm 4 BNL ndm hai bén thanh AZ2. B3i v8i vong nay tinh chét
bat d&i xung trong viéc nap nhién liéu cing thé hién trén cdc dudng
cong Ni(0) / Ni va do dé nhan dudc gid tri ngoai suy tdi thiéu nhd hon
cua khdi lugng téi han. & céc 1an nap nay cing da gidm s& lugng BNL
trong m&i nhém.

- Vong thd ndm dugc nap 6 1an (cac nhém 11 dén 16). Vi tri nap
cac BNL dudc chon sao cho cédc thanh AZ va KC dugc bao boc kin trudc
roi sau d6 mdi dén cac vi tri khéac. S8 lugng BNL nap trong mdi nhém
dugc gidm dan ti 4 xudng 3 rdi 2 va 1. BSn thanh KC va thanh AZ1
dugc boc kin, quanh thanh AZ2 cdn thiéu & 12-4 vi 8 nay ndm gida
thanh AZ2 va 8ng chuyén mau bang khi nén, cay sao c6 dudng kinh 40
mm dé gép nhién liéu khéng dua vao lot. K& tif nhém thu 14, cdc BNL
dugc dua vao vung hoat tung budc (4 dén 5 budc) nhd cd cdu didu khién
can céu. :

- Sau khi dua vao BNL thd 69 va rdt ca bdn thanh KC thi nhan
thdy 106 phan Ung gan dat trang thai tdi han : chu ky ting cdng sudt 1o
gidm xubng dudi 100 sec. Tuy nhién, 10 chua dat téi han bdi vi khi rut
ngudn notron Cf-252 ra khdi viing hoat thi khéng duy tri duge céng suét.

- Tiép tuc dua thém mot thanh Berili vao 6 7-1. RUt ba thanh
KC1 - KC3 ra khéi ving hoat. Rut dan thanh KC4 1&n va khi KC4 1&n
gan hét thi chu ky tang cong sudt dat gia tri dudi 100 sec. Tiép theo,
rit nguén Cf-252 ra dong thdi dua dan thanh KC4 1én, khi thanh KC4
con nhung vao vung hoat c¢d 6 cm thl dat dudgc trang thai téi han, cdng
suét 1d phan ung khong thay déi :

19 GIJ 50 PHUT NGAY 1 THANG 11 NAM 1983.
IV- MOT SO NHAN XET KET LUAN

1. TU céc dd thi Ni(0) / Ni, Hinh 2, ta thdy rdng cac dudng cong
déu cd dang Iom, nghia la dang cho gid tri ngoai suy cua khdi lugng tdi
han nhd hon gia tri khdi lugng tdi han thyc. Diéu nay bdo dam an toan khi
nap nhién liéu.

2. Trén hinh 3 trinh bay su phu thudc clta céc hé s8 nhan dudi
tgi han Ki = 1 - Ni(0) / Ni vao s6 lugng BNL dugc nap. Hé s6 nhan K
trung binh dat gida tri 0,98 vdi 61 BNL va bang 0,99 vdi 66 BNL. Sau khi
nap 68 BNL, hé sd nay A K = 0,995,' tuc 1a dd sau dudi téi han dk = 1- K
= 0,005 < B, v8i B = 0,0064 14 phan déng gbp tuong ddi clia notron tré.
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3. Khi trong vung hoat chl ¢6 ngudn Cf-252, s& dém tai kénh s6 1
ia N1(0) = 19,4 cdn sau khi nap 68 BNL thi N1 = 4654, nhu vay cong
sudt 16 da tang N1/N1(0) = 240 lan. Hé s6 t&ng cong suét nhan dudc tu
cac sO liéu Bang 1 doi véi cac vi tri do N1 - N3 va DI1 - DI dugc cho
dudi day :

Vi tri N1 N2 N3 DI D2 DI3
Hé so 240 290 255 365 - 500

Nhu vay sau khi nap 68 BNL cong sudt 10 da tang khodng 2 bac so
vdi cong sudt ngudn ban dau. Gid trj thuc cla cong suét chua xac dinh
dudc bdi vithang do cong suét cia hé AKNP chua dugc chudn dinh. Céc
gid tri cong suét ctua DI1-DI3 tinh ra % cong suét danh dinh N cho trong
Bang 1 chl 1a gia tri quy udc dé cho biét dd tang céng suét tuong dbi ma
thoi. Khi méi dat ngudn Cf-252 va chua c¢6 nhién liéu, cébng suat 10 chi
vaocd 1.10-8 %N, chi khoéng phai 1.E-5 %N nhu da néu trong Bang 1.

Tuy nhién, tu céc gia tri dong cla budng ion héa KNK-56 dat tai
kénh ngang s6 4 va chi thi trén mdy ty ghi KSPV-4 thi hé s6 tdng tuong
doi cla céng suét la 0,2/0,05 = 4 1an : gid tri nay bé hon nhiéu gid tri da
néu trén day.

4. Theo tinh toan ly thuyét, 16 phan Ung dat tdi han vdi cdu hinh
khong .cé bdy notron khi ving hoat dudc nap 77 BNL (xem hinh 3 cla
[2]). Nhung két qua thyc nghiém da cho thay 10 dat téi han khi nap vao
ving hoat 69 BNL va 1 thanh Berili. Nhu vay két qué tinh toan Iy thuyét
kha Idn hon gia tri thuc nghiém.

Tuy nhién trong tinh toan ly thuyét, khéi lugng U-235 trong mbi
BNL dudc cho béng 38,9 g, trong khi dé khéi lugng U-235 thuc té trong
moi BNL la 2781,8/69 = 40,3g. Bang 3 trinh bay cac théng s vé cac
BNL (s& hiéu nha may va khdi lugng) theo thu tu nap nhién liéu. Ta thdy
rang khoi luong tdng cdng U-235 nap la 2781,8 g, tuong ung vai sb
luong BNL "ly thuyét" biing 2781,8/38,9 = 71,5 BNL. Tuy vay, s6 lugng
BNL ly thuyét c¢6 thé 16n hon 71 thanh bdi vi theo nhu Bang 3, khdi luong
U-235 trung binh clla cac BNL & vong nhién liéu trong cung, la vong
BNL cé trong s6 I16n nhét, 1a 40,9g, con cac vong nhién liéu tiép theo co
khéi lugng trung binh {4 40,2 g, 40,44 g va 40,3 g.
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Bang 3- C4u hinh t6i han 69 BNL, thi ty nap nhién lidu va khdi lugng U-235

Thu Ty Nap B6 nhién liéu
Vong | Nhém Sé Vi tri Sé hiéu Khdi lugng U-235, g
1 1 1 6-6 056 41.1
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 7-4 079 405
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 10-4 066 410
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 - 415 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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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 9-3 165 411
8 42 5-9 166 41.4
43 6-10 170 413
44 7-10 171 40.7
45 8-10 172 39.6 T=7275
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
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 | 410
60 10-2 185 . 39.6
61 3-8 187 411
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 -

Khéi lugng U-235 tdng cong tdi han T = 2781.8 g
Khéi lugng U-235 trung binh mét BNL m =403 g
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V. THANH PHAN NHOM KHOI PONG LO

Nhom khdi ddng 16 gdm céac thanh vién va nhiém vy clia ho nhu sau.

Vat ly kiém tra

Terekhov AV

TT Chuc vu Phia Lién x0 Phia Viét nam
1 | Phy trach khdi dong | Arhanghenski N.V | Pham Duy Hién
2 | Trudng kip Arhanghenski N.V | Ngé Quang Huy
3

Vi Hai Long
Nguyén Dang Nhuén

4 | Ks didu khién Kuznexov E.M
5 | Ks thiét bi phu ddng Trophimov A.B Tran Khanh Mai
Lavrenov N.P Nguyén Ngoc Lam
6 | Ks hé SUZ Kharlamov N.B Nguyén Nhj Dién
Sokolov |.V
7 | Ks hé kip Bakharev V.S Tran Khic An
8 | Ks c¢co khi Truskin V.S Pd van Hiép
*Pham Xuén Phudng
9 |Ks dién Nguyén Trudng Sinh
Pham van Lam
10 | Ks an toan buc xa Khandamirov U.E | Truong Cam Ranh
Duong Quang Téan
11 | Ks vat ly Semennov S.M Nguyén Tac Anh
Luong Ngoc Chéau
Huynh Bong Phuadng
Lé Vinh Vinh
12 | Ks ché& dd nudc Nguyén thi Nang
Tu van Nghia

VIl. TAI LIEU THAM KHAO

1. Chuong trinh khdi déng vat ly 10 phan ung,
Tai liéu Thiét ké Lién xd, 1980.

2. Qui pham bao ddm an toan khdi dong vat ly 10 phan ung,
Tai liéu Van hanh va khai thac 10, Lién x0, 1980.
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N9700003

"BAO CAO
KHGI DONG LO PHAN UNG HAT NHAN DA LAT

PHAN 2

KHOI DONG VAT LY
vG3i CAU HINH VUNG HOAT CO BAY NOTRON
(15/12/1983 - 27/1/1984)

Pham Duy Hién, Ngé Quang Huy, Vi Hai Long, Tran Khanh Mai

| - TINH HINH CHUAN B DE KHOI DONG

Lé phan Ung dugc nap nhién liéu lan dau theo cdu hinh khéng cé bay notron
va dat tdi han ngay 1/11/1983 vdi 69 BNL (xem /1/, cing vdi danh sach tham gia khdi
doéng).

1. So véi lan khdi déng truéc. Cac hé théng céng nghé, da dugc chuin bj
thém trudc khi nap nhién liéu gém cé : -

- Hé nudc tuan hoan vong 1 va vong 2 : Da hoat déng & ché dé danh dinh.
Thap lam nguéi da l&p xong gian gé nhung chua che chin xung quanh.

- Hé diéu khién SUZ va AKNP : day du, ké ca thanh AR.

- Hé may do kiém tra KiP: Cac may do luu lugng nudc vong 1 va vong 2 da
hoat dong.

- Hé théng dién : Hé théng dién sy cd sir dung diezen da hoat dong.

- Hé théng thoat nudc nhiém xa : N&i hé K3 tam dén Nha 5 trong dé sU dung
dudng K3 tu Nha 1 dén Nha 2 va dudng dua nudc ngugc tu Nha 5 dén Nha 2.

Céac hé do dém phuy ddng dé khdi déng cliing giéng nhu Ian trudc (xem tai liéu
/17).

2. Sau khdi déng vat ly Ian trudc, ngay 5/11/1983 phat hién sy xdm mét thanh
nhién liéu va thanh chén bang nhom. Hién tugng nay xay ra khéng binh thudng cho
dén ngay 15/12/1983. Trong qua trinh nap nhién liéu, tiép tyc theo ddi hién tugng
nay dé cé két luan trudc khi khdi dong nang lugng ( xem phu lyc ). :

3. Ngay 15/12/1983 da xac dinh thdi gian roi clia cac thanh diéu khién trong
vung hoat :

AZ1 va AZ2 :0,30sec; KC1; 0,30sec, KC2: 0,29 sec;
KC3: 0,28 sec, KC4: 0,26 sec,
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ll- TRANG THAI TGl HAN V3I CAU HINH VUNG HOAT CO BAY NOTRON

Dya vao két qua tdi han vdi 69 BNL cla lan khdi déng trudc, viéc nap nhién
liéu lan nay co thé tién hanh ting nhdm nhiéu bé NBL so vdi cong thuc (xem /1/).

Ngay 15/12/1983 bat dau nap nhién liéu, song gap khé khin trong thao tac do
trude do trong vung hoat khéng dat dd sé thanh nhém chén.

Ngay 16/12/83 dat tat ca cac thanh nhdm chén can thiét vao vung hoat va rit
&ng chuyén mau khi nén & 6 13-2 ra. Ly do la 6ng nay cé dudng kinh phan trén ving
hoat bdng 40 mm trong khi kich thudc BNL Ia 35 mm, cho nén khi nap nhién liéu 6
k& can, thanh nhién liéu cé thé bj va cham gay sudt vo boc; hon nlta BNL & 6 12-4
khéng nap vao dudc vi khdng gian qua chat.

Ngay 17/12/1983 lai bat dau quda trinh nap nhién liéu va dat tdi han ngay
18/12/1983 luc 17 h 48.

Thi ty nap nhién liéu, Bang 1, gom bay lan nap. Nhém thu nhat 48 BNL,
nhém thu hai 8 BNL, nhdm thd ba 6 BNL, nhém thd tu 3 BNL, nhdm thd ndm 3
BNL, nhém tho sau 3 BNL va nhém thd bay 1 BNL : Dat trang thai téi han véi 72
BNL trong cau hinh vung hoat c¢é bay notron & trung tdm. Trong cau.hinh nay da
dung 12 thanh Berili. Hinh 1 trinh bay cdu hinh nap nhién liéu va Hinh 2 trinh bay sy
phy thudc s dém ngudc vao khdi lugng nhién liéu U-235 cGa cac BNL dudgc cho
trong Bang 1. Téng khdi lugng U-235 tdi han trong cdu hinh nay Ia 2897.4 g.

. NAP NHIEN LIEU CHO CAU HINH LAM VIEC

Qua trinh nap nhién liéu dé tao mét cdu hinh lam viéc bj cham lai do phat hién
mbt s6 BNL bi xdm bé mat (xem Phy lyc 1). Dudi day, vi tri cac thanh diéu khién
dugc tinh bdng mm, d6 phan (ng va dd hiéu dung bang dan vi B eff (9$).

Ngay 19/12/1983 do dd hiéu dyng cla thanh AR dat dén 1 $. Gia tri nay Idn
hon so vdi quy dinh an toan hat nhén, tr 0,4 dén 0,8 $. Do dé ngay 21/12/83 da thay
ddi vi tri cadc BNL; dua vao kho BNL sé 067 d 6 7-10, chuyén vi tri BNL 074 tJ 6 6-11
sang 6 2-7 va BNL 072 tu 6 8-1 sang 6 12-7. Ngoai ra dat thém 3 BNL s 078, 180
va 187 vao cac 6 12-2, 12-3 va 12-4; ba BNL nay da bi trdy sudt trong qua trinh nap
nhién liéu ngay 17 va 18/12/83. C4au hinh nhién liéu ngay 21/12/83, 74 BNL va 13
thanh Berili, dugc thé hién trén Hinh 3. Khdi lugng téng céng U-235 1a 2977.9 g.

Cau hinh nay, vdi vi tri cac thanh diéu khién la : KC1 = KC3 = KC4 = 0 mm,

KC2 = 442 mm, AR = 0, dugc dung dén ngay 26/12/83 dé xac dinh dd hiéu dung cla
cac thanh didu khién va mét sé thanh nhién liéu va Berili, xem Bang 18.
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BANG 1 - Cau hinh t6i han 72 BNL, thi tu. nap nhién liéu va khéi lugng U-235.

Thu ty nap Bé nhién lieu
nhom s6 Vi tri sé hiéu khoi Iucn% 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
S 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=19273g¢
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
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BANG 1 - (tiép)

Thd ty nap B6 nhién liéu
Nhom Sé Vi tri Sé hiéu Khdi lugng U-235, ¢

37 3-7 165 411
38 3-6 167 40.5
39 3-4 156 40.3
40 3-3 192 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 g-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 =2419
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 8-2 061 40.7 T=1211
68 9-2 125 39.2 g

6 69 10 -2 126 40.5
70 11-2 127 39.8 T=1214
71 7-1 060 41.1 g

7 72 2-2 149 39.9 tdi han

Khai lugng U-235 tdng cdng tdi han T=2897,2 g
Khéi lugng U-235 trung binh 1 BNL m = 40,24 g

26




t1ron
68

[qV]
fe) - I8
, o o <
SN \ :M - o -
- , m o< . -
N _ - N O . ]
~_ . , ’ C mv dw ”. A.Wo 'm o
<53 //" ~N \\ — .
%‘M&\\\&W@M«Q m. m He O Pye = .
& 040»@ @b ‘ < I g -
A»\V\OMQ »@@@@ 2. i @ s g o o o
..?/010@ m@@@ 00%/ '8 4 288 d & 5 .
8080028062\ 5, §Eg BR AT ”
ﬂ»o@@@@//@/,/d @@@ >0/ S 3 w77 5 4 g 5 = :
WISCaNER OO N “E EEE e ey ¢
lo@ (3) ﬂ/ rzﬂ @@400»0” 3 2 &8 A &8 ‘8 -~ £ A
N EPeeRa90 20 IR - B T T
2, @@@@@@@ @00‘», ) ‘g > o© e+ 4 8 & L S «©
) _ = o o o ¢ ®©8 a = ” o
£ 0 ‘g ‘g '@ 8 8 8 < X ]
S8 O OO B OB OB O~ m S
e
Kl

.4
A/
Teeoos

~r -
<
. y e o
S REI R | SN
}_ - .,@®®@%w, :
| el -

27



a3 A

| A

1 ‘\'

PR . ‘.

@ . 4 Kénh ngang 88 1

: . o Kénh ngang s§ 2

: N + Kénh ngang s8 §

:

.'\
\

N o2 E
IR ! . \\

; \ “'\

| NN

i A,
| N
A0 .

\\
4 \\ \
. 4
o0% s O\
"
AN

[ N

]

i .

R e sttt KPR P 4 $ " Y "‘ - —— ; ": L aaras -~ -
anan o 35 v 45 ¥ se g5 50" g5 Yo vl

Hlnh 2. Su phu thudc 88 dém nguge vao khdi lwong
nnién 1idu trong qua trinh dat toi han
cua vung hoat co biy notrén ( 72 BRL )

28



?\\m 79}35(465;@ 7/,j§’ s, A\
5;1 sgJ1921 se p JieTie s _,~, :
D KZJISQIQI (65% D3 m

Yrrde9gi7é; 162 70! /51:61, f/L

&i\wgﬁg 479/;7/(,,4( 76| 8! 72

'
i

J '25'18: 37159(161” 75190/9q;7\ ] _
uzsxK}*c:[/n}mqml{l;]wg T/ .
\imrw,m;uzjm )ygmv ‘r, i

\’\ 73“5’&48?173194 72 ’ /
- T N
;ﬂ\\ ivlwbﬁig/
BN Cohe Py
*

Hinh 3. C&u hinh vung hoat gdm 74 BNL
(21 - 26/12/1983 )

Cac BNL mang s8 149,68,...

Cac thanh bao vé su ¢ AZ1, A72
Cac thanh bu tru KC1,...,KC4

Thanh diBu khién ty ddng AR
Thanh chen Barili

Thanh chen nhém

BAy notrdn
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(inh 4. "Au hinh vung hoat gom 86 BNL.
( 29/12/1983 )
fi4si (162 Cac b6 nhién 1igu mang s8 149,162,...
> o
A1, A2 Cac thanh bao vé sy c8 AZ1, A72
K1,...,K4A Cac thanh bu trw KC1%..., KC4
@@ Thanh diBu khiédn ty ddng AR
N Thanh chen Barili

D
O

Thanh chen nhém

BAy no'trdn
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Hinh 5. C#Au hinh vung hogt gdm 83 BNL.
( 30/12/1983 )

Lﬁ. (:] Cac BNL mang s§ 149,162,...
vty A7 Cac thanh bao vé sy cb A71, A72

A Cac thanh bu trw KC1,...,KC4
Thanh didu khién ty déngz AR
Thanh chen Bérili

Thanh chen nhém

Biy notron
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Hinh 6. CAu hinn vung hogt gbm 88 BNL
(14 - 18/1/1984 )

(43) @@ Cac BNL mang s8 149, 162, ...
A17 A2 Cac thanh bao vé sy c8 AZ1, A72

K1, ...,K4 Cac thanh bu trw KCt, ..., KC4
Thanh di8u khién ty ddng AR
Thanh chen Bérili

Kénh thi nghiém 7.1

BZy notrdn
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ilinh 7. ©#%u hinh vung hogt gom 88 BNL
( tir neay 17/1/1984 )

@} Eal Cac BNL mang s8 149, 162,...
A1, A2 Cac thanh bao v& sy cb AZ1, AZ2
K1,..., Kb Céc thanh bu trw KC1, ..., KC4

Thanh didu khién ty ddng AR
Thanh chen Bérili

BAy notrén

@ Kénh thi nghiém 7.4
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Po hiéu dung cua thanh AR, dugc bao boc bdi 3 thanh Berili va 2 thanh nhom
chén, da giam xudng con 0,86 $. Thanh AR sd di cé dé hiéu dung I6n nhu vay la do
da dung cacbua bor thay vi thép khdng gl nhu thiét ké néu.

D6 hiéu dung cdc thanh KC, AZ ndm trong khoang 1,96 dén 2,48 $. Theo
thiét ké cdc thanh nay cé dd hiéu dyng cd 4 $.

Ngay 27/12/83 chuyén 12 BNL vong trong clng ra ngoai cung. Cau hinh nay
khéng dat tdi han.

Ngay 29/12/93 nap thém 12 BNL vao vong trong cung, nhu vy ta dugc cau
hinh 86 BNL vd&i 13 thanh Berili, Hinh 4 , va khdi lugng U-235 téng céng la 3461,4 g.
Trong cdu hinh nay xung quanh thanh AR van {4 3 thanh Berili va 2 thanh nhém.

V3i cdu hinh nay ciing da xac dinh dé hiéu dung cla céc thanh diéu khién va
mét sé BNL va thanh Berili. Két qua, Bang 18, cho thdy dé hiéu dyng clua cac thanh
KC 16n hon so vdi cAu hinh 74 BNL. Dic biét 1a dd hiéu dung cla thanh AR dat dén
1,04 $ qua Idn so vdi quy dinh an toan hat nhan.

Ngay 30/12/83 thay hai BNL s6 076 6 5-11 va sd 158 6 9-11 bang céac thanh
Beriliva 6 7-1 d€ trdng. Nhu vay ta dugc cdu hinh 83 BNL vdi 15 thanh Berili, Hinh 5.
Viéc tao cdu hinh nay nhdm xdc dinh dd hiéu dyng thanh AR khi dugc bao quanh
bang 5 thanh Berili va 2 thanh nhém. Két qua cho thdy dé hiéu dyung thanh AR giam
xudng con 0,85 $. Gia tri nay cé thé chdp nhan dugc, tuy nhién cdu hinh trd nén
khéng ddi xing khéng tién Igi cho viéc khai thac 16.

Dé xem xét kha nang thay thanh AR, ngay 31/12/83 da xac dinh dé hiéu dung
cua mét thanh thép khéng gi dudng kinh 28 mm dat tai 6 7-1 ddi xung vdi 6 vi tri
thanh AR. K&t qua cho dé hiéu dung bdng 0,58 $. Nhu vay nén dung thép khdng gl
lam thanh AR. Do dé trudc khi tim ki€m mdt cdu hinh lam viéc da quyét dinh thay
thanh cacbua bor bang thanh thép khéng gl. D6 14 2 thanh dai 50 cm, dudng kinh 28
mm, ndi tiép nhau, cac thanh nay nguyén dugc dung dé tao trong lugng dit dudi cac
thanh diéu khién. Cudi cung da dat dugc cdu hinh lam viéc gém 88 BNL, 18 thanh
Berili va sif dung ti ngay 14/1/84 dén 16/1/84, Hinh 6 va Bang 18.

Ngay 17/1/84 van gilt cdu hinh 88 BNL - 18 thanh Berili nhung trong dé thay
cac BNL s 059, 060 va 061, la nhitng BNL da bi xam khi dé § kho chia tam thai tir
ngay 2/11/1983, bdng cac BNL mdi sé 144 6 6-2, 130 6 5-11 va 128 4 8-2 va ciing
thay cac BNL bj sudt s6 078, 180 va 187 bang cdc BNL s6 124 6 12-2, 123 6 12-3 va
122 g 12-4, Hinh 7.

Tém lai, da xac dinh duge 3 cdu hinh cé bay notron : cidu hinh cé dd sau dudi
tdi han nhd gém 74 BNL - 13 thanh Berili, cdu hinh gém 86 BNL - 13 thanh Berili va
cdu hinh lam viéc 88 BNL - 18 thanh Berili. C4u hinh lam viéc nay la cdu hinh cudi
cung trong dgt khao sat khdi déng vat ly va cling dung cho khdi dgng nang lugng va
khai thac 10 tiép theo, Bang 2.

IV - DAC TRUNG TiCH PHAN VA DO HIEU DUNG THANH AR

4.1 - Phuong phdp

34



Dic trung tich phan cla mét thanh digu khién la sy phy thudc cha dd phan
Ung hiéu dung vao dd nhing sau cua thanh trong ving hoat. D$ hiéu dyng cua
thanh la d6 phan ung gay ra khi thanh dugc nhung hoan toan vao vung hoat. B$
hiéu dyng dugc xac dinh khi xdc dinh dudng dac trung tich phan cua thanh. Trong
dgt khdi dong vat ly nay xac dinh déc trung tich phan cla thanh AR bdng phuong
phap chu ky nhan déi va dic trung tich phan cla cac thanh khac bidng phuong phéap
bu trr véi thanh AR.

BANG 2-C4u hinh lam viéc 88 BNL,18 thanh berili, vi tri nhién liéu va khoi
lugng U-235.

Sé Bé nhién liéu Sé Bé nhién liéu
TT | Vit | Masé m U-235 TT Vi trf M3 sé m U-235
1 2-2 149 39.9 2 2-3 079 40.5
3 2-4 085 40.2 4 2-5 166 41.4
5 2-6 155 398 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
1 3-6 167 40.5 12 3-7 165 41.1
13 | 3-8 157 39.9 14 3-9 070 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 5-10 083 415
33 | 5-11 130 40.4 34 6-2 144 39.8
3 | 6-3 186 40.5 36 6-4 179 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 9-7 137 40.4
63 9-8 080 39.2 64 9-9 190 40.2
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BANG 2- (tiép)

Sé Bé nhién lidu Sé B4 nhién liéu

TT Vi tri Ma sé m U-235, g TT Vi tri M3 sé 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 lugng U-235 téng cdng da nap la 3537,3 g

Qua trinh xac dinh déc trung thanh AR nhu sau. Bua 16 dén trang thai t3i han
vdi thanh AR hoan toan nhing trong vung hoat, vi trf 650 mm. Kéo thanh AR |én mdét
doan dé dua vao mdt dd phan Ung duang r : cdng sudt 16 ting. Xdc dinh chu ky nhan
déi céng sudat T2, dya theo phuong trinh gid ngudc r = f (T2) xac dinh dugc phan Ung
duong r tuong Ung. Budc tiép theo,xac lap lai trang thai tdi han vdi cdng sudt ban
dau bang cach thay ddi vi trl cdc thanh KC ddng thdi van gir nguyén vi tri thanh AR.
Sau dé [3p lai qua trinh mé ta trén day, dua dd phan Ung dudng vao bang cach kéo
thanh AR Ién mét doan va tiép tyc qua trinh cho dén khi thanh AR dugc rit toan bd
khdi ving hoat. Sau khi xac dinh 4§ phan ung vdi tung doan thanh AR, cdng céc
phan Ung ndy Ian lugt theo chidu sdu dé xay dung dudng dic trung tich phan cla
thanh.

Vi trf thanh AR dugc xac dinh trén bang chi thi vi trf § ban diéu khién. Thdi
gian nhan déi cong suit dugc xac dinh nhd déng hd bdm gidy . Hé théng thiét bi phy
dong gém budng ion héa KNK - 56 dit trong kénh ngang sé 4 va may ty ghi KSPV -
4 ghi dong ty 1& vdi cong sudt 1o.

Khi xac dinh déc trung tich phdn cia thanh AR cén tranh anh hudng cua hiéu
Ung nhiét dg, hiéu Ung cong suét va hiéu Ung nhiém ddc xenon. Trong khdi dong vat
ly, cdc hiéu Ung nay chua xudt hién vl ti€n hanh & céng sudt rat bé. Trong cac phép
do, trang thai tdi han dat dugc d céng suat khodng 1. E-5% N (tuc ¢d 1.E-2 W), vdi
N 1& c¢éng suat danh dinh bdng 500 KW . D chu ky nhdn d6i 8 muc céng suat 1E-
4% N. Trong cac diéu kién nay, phuong trinh gid ngugc st dyng céc théng sé ndtron
tré t¢ phan hach U-235.
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Ngoai ra, trong qué trinh xac dinh déc trung tich phan thanh AR con phai chu
y dén &nh hudng clha céc thanh hap thy gan, la cac thanh KC1 va KC4. Vi vay
thudng hay khao sat cac cdu hinh KC1 = KC4= 0 mm va cdu hinh 4 thanh diéu khién
KC nhing déu nhau. Sau d4y la két qua déc trung tich phan va dé hiéu dung cla
thanh AR bang cacbua Bor va bang thép khéng gl.

Chu y - Trong thyc té, khi kh&i ddng ciing nhu van hanh 16 sau nay, vi tri ky
hiéu 4 thanh KC khac vdi cac ban vé thiét ké.

4.2 - Thanh AR cacbua bor

Péac trung tich phan dugc xac dinh déi véi 4 cdu hinh nhién liéu khac nhau
trong vung hoat.

a) Cau hinh 75 BNL va 12 thanh Berili, ngay 21/12/ 83. '

Cé&u hinh nay giéng cdu hinh trén Hinh 3 cdng thém tai 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
nhém. C4u hinh cac thanh diéu khién 1a KC1 = KC3 = KC4 = 0 mm, con KC2 dung
lam bu trir dé dat trang thai téi han. K&t qua cho trong Bang 3 trong dé chi y rdng r
la d6 hiéu dung tuong ung véi d6 dich sdu clia thanh vao vung hoat, con trong qua
trinh do thi thanh AR dugc rit dan Ién theo chigéu ngugc lai.

BANG 3 - Pic trung thanh AR cacbua bor
dr : d6é phan ung dudng Ung vdi chu ky nhan déi T2,
r : d6 hiéu dung tudng Ung vdi vi trl nhing cia AR
rc : do6 hiéu dung chuin vé don vj clia thanh AR

a) Cau hinh 75 BNL 12 thanh Be : KC1 = KC3 = KC4 =0

Vi tri thanh Vi trl thanh Chu ky by hiéu dung
KC2, mm AR, mm T2, sec dr r re
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 tri thanh Vi tri thanh Chu ky b6 hiéu 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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Bang 3 - (tiép)

¢) Cédu hinh 86 BNL 13 thanh Be: KC1 = KC2 = KC3 = KC4

Vi trf bén Vi tri thanh Chu ky D6 hiéu 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 0.1585 0.041 0.04
400 0 100. 0.041 0 0

d) Cau hinh 83 BNL 15 thanh Be : KC1 = KC2 = KC3 = KC4

Vi tri bén Vi tri thanh Chu ky Bd hiéu 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 cdt cudi cung cla Bang 3, do hiéu dyng téng cla thanh AR (= 1.13 $)
dugc chudn vé don vi; diéu nay giup ta so sanh dang cdc dudng dac trung tich phan
trong cdc cau hinh khac nhau, Hinh 8. :

b) Cau hinh 74 BNL va 13 thanh Berili, ngay 22/12/83.
Xung quanh thanh AR dat 3 thanh Berili va 2 thanh nhém, Hinh 3. K&t qua
cho trong Bang 3b vdi d6 hiéu dung t6ng cua thanh AR = 0,85.

c) C4u hinh 86 BNL va 13 thanh Berili, ngay 29/12/83.

Xung quanh thanh AR van dat 3 thanh Berili va 2 thanh nhém, Hinh 4. Bén
thanh KC ¢é cung vi tri nhing sdu. Két qua cho trong Bang 3¢ vdi d3 hiéu dung tdng
clta thanh AR = 1.04.

d) C4u hinh 83 BNL va 15 thanh Berili, ngay 30/12/83.
Xung quanh thanh AR c6 3 thanh Berili va 2 thanh nhém. D6 hiéu dung tdng
= 0,86, xem Bang 3d.

Hinh 8 trinh bay cdc d3c trung tich phan sau khi chudn vé don vi. Y nghia cla

cédc dudng cong nay sé dugc phan tich so sdnh vdi cdc ddc trung cla thanh AR bang
thép khéng gl d phan dudi day.
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4.3 - Thanh_AR thép khéng gl

Nhu trén da noi, tit ngay 14/1/84 vung hoat c6 cau hinh lam vié¢ 88 BNL va
18 thanh Berili vdi thanh AR béang thép khéng gi. Trong cdu hinh nay da khao sat dac
trung tich phan cia thanh AR déi vdi céc bd trl khac nhau cua céac thanh digu khién.

a) Ngay 14/1/84 vdi 4 thanh KC c¢é clung vi tri cho d6 hiéu dung thanh AR =
0.489, xem Hinh 6 va Bang 4a.

b) Ngay 23/1/84 véi cap thanh KC2, KC3 gilt ¢ dinh & vi trl nhing hoan toan,
dé hiéu dung thanh AR = 0.593, xem Hinh 7 va Bang 4b.

c) Vdi vi tri ngudc lai clia cac thanh didu khién, gir c6 dinh cip thanh KC1 =
KC4 = 650 mm, d6 hiéu dyng cia thanh AR giam xuéng = 0.449, Bang 4c.

Ta nhén xét rdng trong 3 trudng hgp trén, 86 hiéu dung r cia 3 thanh AR
thép khéng gl phy thudc nhidu vao vj trf cdp thanh KC1, KC4 : r ting khi rut dan cip
thanh nay ra khéi viing hoat. Hinh 8 trinh bay cac dudng dac trung tich phan chuan
nay, tuy rdng mdi dudng cong chl dugc xac dinh bang 3 diém do. Sau khi khdi déng
nang lugng da tién hanh xac dinh lai cac déc trung tich phan nay clta thanh AR.

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

BANG 4 - Dic trung thanh AR thép khéng g.
Cau hinh 88 BNL va 18 thanh Berili.

a) Vi tri cac thanh KC1 = KC2 = KC3 = KC4
KC1 - KC4 AR T2, s dr dh.d r r chudn
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) Vi tri cdc thanh KC2 = KC3 = 650
KC1 = KC4 AR T2, s dr d.h.d r r chuén
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) Vi tri cdc thanh KC1 = KC4 = 650
KC2 = KC3 AR T2, s dr 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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Bang 4 - (liép)

d) Vi tf cac thanh KC1 = KC2 = KC3 = KC4
KC1 - KC4 AR T2, s dr d.h.d r | r chuédn
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 tri cdc thanh KC1 = KC4 = 650
KC2 va KC3 AR T2, s dr d.h.d r |t 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 tri cac thanh KC2 = KC3 = 650
KC1 va KC4 AR T2, s dr d.h.d r | r chudn
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 véi cdu hinh 88 BNL dat dudc vdi vi trl
cac thanh didu khién nhu sau : 4KC = 462 mm; AR = 300 mm.

4.4 - Nhan xét vé cdc ddc trung tich phédn cUa thanh AR

Hinh 8 trinh bay tat ca cac két qua do dugc clia cac déc trung tich phan cua
thanh AR béng cacbua bor va bang thép khéng gl d6i vdi cac vi trf khac nhau cla cac
cap thanh KC1 va KC4 : 650 mm, 450 mm va 360-380 mm. TU hinh nay ta cé cac

nhan xét sau :

a) Tat ca cac dudng dac trung tich phan cé dang giéng nhau. Ching d&u c6
phan tuyén tinh trong khoang tir 200 dén 400 mm va dd hiéu dung trong khoang nay
chiém 50% dd hiéu dyng toan thanh AR.

b) Vi trf cGa cap thanh KC1 va KC4 ndm gan thanh AR c¢6 anh hudng manh
dén dang dac trung tich phan va d6 hiéu dyng téng clia thanh AR.

- Khi ca hai thanh nay ndm ngoai viing hoat, KC1=KC4=0, (cac diém 1 va 2)
hodc khi ca hai déu ndm hoan toan trong vung hoat, KC1=KC4=650, (céc diém
7.10,11), d&c trung tich phan cé dang ddi xiing qua vi trf 300 mm.

- Khi cip thanh KC1-KC4 & céc vj trf trung gian, 450 mm (cac diém 5,8,9) va
360-380 mm (cac diém 6,12,13) ddi vdi thanh thép khéng gl, thi dac trung tich phén
cé dang khéng d6i xiing. Cac két quad do khéng cho phép phéan biét cac trudng hgp
trung gian nay, nén qua 6 loai diém do ndi trén cé thé vé mét dudng dic trung
chung. Tinh khéng déi xiing clia dudng cong nay thé hién & chd: nlra trén 0 - 300
mm cUa thanh AR cé d¢ hiéu dung béng 42%, con nla dudi 300 - 650 mm cé do
hiéu dung béang 58% dé hiéu dung toan thanh.

- Cling trong trudng hgp cdp thanh KC1 - KC4 nhing mét phan 300 - 400
mm, déi vdi thanh Cacbua bor, d&c trung tich phan cé dang bat déi xirng manh hon :
Phén trén cla thanh Cacbua bor ¢é d6 hiéu dyung bang 38%, cdn phan dudi 62%.

c) D6 hiéu dung clha thanh AR phy thudc vao cdu hinh ving hoat va vdi cung
mét cdu hinh, phy thudc manh vao vi trl cip thanh KC1-KC4. Sau day la tém tat do
hiéu dyng da xac dinh dugc.

- B6i vdi thanh Cacbua bor :
+ C&u hinh 75 BNL va 11 thanh Berili, xung quanh thanh AR c6 1 BNL, 4
thanh Berili, 2 thanh nhém : d6 hiéu dung = 1,13.

+ C4u hinh 74 BNL va 13 thanh Berili, xung quanh thanh AR cé 3 thanh Berili
va 4 thanh nhém : dd hiéu dyng = 0,86.
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+ C4u hinh 86 BNL va 13 thanh Berili, xung quanh thanh AR cé 3 thanh Berili

va 4 thanh nhém : dé hiéu dyung = 1.04.
+ C4u hinh 83 BNL va 15 thanh Berili, xung quanh thanh AR cé 5 thanh Berili

va 2 thanh nhom : d6 hiéu dung = 0,87.
Cac gia tri trén déu Ién hon gidi han trén cho phép cua quy tic an toan hat

nhan.
- Daéi v8i thép khéng gl trong cdu hinh 88 BNL va 18 thanh Berili, d§ hiéu

dung ndm trong khoang 0,4 - 0,61

Vi _trl cdc thanh D4 hiéu 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 két luan vé dé hiéu dung va dic trung tich phdn thanh AR

1) Khéng dung Cacbua Bor lam thanh diéu khién ty déng ddi vdi I6 phan ung
Pa Lat vi d6 hiéu dyng qua Idn, quy tic an toan hat nhan khéng cho phép.

2) Tt ngay 17/1/1984 da thiét ldp cdu hinh lam viéc chinh thdc cla ving hoat
g6ém 88 BNL va 18 thanh Berili vdi thanh AR bé&ng thép khéng gl c6 dé hiéu dyng 0,4
- 0,6 tuy theo vi tri cac thanh diéu khién KC1 - KC4.

3) BPudng dac trung tich phan thanh AR cé dang d6i xing khi cip thanh KC1 -
KC4 & vi trf nhing hodc rut hoan toan.

Do dé khi sif dung thanh AR dé& do dé hiéu dung céc thanh KC hodc xac dinh
cdc hiéu Ung nhiét dd, céng sudt, nhiém ddc Xénon ... can chu y dén 2 dic diém ndi
trén va st dyng dudng dac trung tich phan thich hgp.

Hinh 9 tém tat dic trung tich phan thanh AR trong cdu hinh lam viéc vdi cac vi
trf khac nhau cia KC1 - KC4 : 650, 450, va 380 mm. Trong hoat djng sau nay cta
16, d trang thai tdi han céc thanh KC thudng dugc dit déu nhau, ving 450 mm, do dé
can st dyng dudng déc trung tich phan thanh AR tuong Ung vdi trudng hgp nay. Khi
d6 d6 hiéu dyng thanh AR la 0.49.
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V - BAC TRUNG TICH PHAN CAC THANH KC VA AZ aél vGi CAU HINH
74 BNL

Péc trung tich phan cla céc thanh KC dudc xac dinh bdng phudng phép bu
trid nhd thanh AR. Tuy nhién do anh hudng clia cdp thanh KC1- KC4 nén chl dung
thanh AR dé xac djnh dac
trung tich phén cua cdc thanh KC2 va KC3, con cac thanh KC1 va KC4 sé duoc x4ac
dinh qua céc thanh KC2 va KC3.

C4u hinh 74 BNL, dung trong ngay 22 - 25/12/1983, ¢6 3 thanh Berili va 2
thanh nhém bao quanh thanh AR Cacbua Bor. |

5.1 - Pdc trung tlch phdn cdc thanh KC2 va KC3

Cau hinh dat t8i han véi vj trl cac thanh didu khién
KC1 = KC3 = KC4 = AR = 0, KC2 = 442 mm, {
hodc KC1 =KC2 = KC4 = AR =0, KC3 = 487 mm. 5
Do dé ta chi xac dinh dugc déc trung tich phan thanh KC2 trong khoang O - 442 mm
va KC3 trong khoang 0 - 487 mm.

- K&t qua do ngay 24/12/83 dugc cho trong Bang 5, & day déac trung tich phan
clia thanh KC2 chl x4c dinh dugc trong khoang 0 - 333 mm. D& néi tiép ta sif dung
céc s6 liéu do thanh AR ngay 22/12/83 trong d6 cé cung céc vj trf KC1 = KC8 = KC4
= 0 mm. Céc s6 liéu ndy dugc cho trong phan cudi cia Bang 5, trong d6 gia tri dé
hiéu dung r ctia KC2 tai vj trf 317 mm dudc suy ra tir dé thj déc trung tich phan KC2
theo sé liéu ngay 24/12/1983.

BANG 5 - Bu tri thanh KC2 va KC3 béng thanh AR
C4u hinh 74 BNL 13 thanh Be, KC1=KC4=0.

KC2, mm KC3, mm AR, mm dr AR
0 487 0 -
0 398 300 0.410
o 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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Tu Bang 5 suy ra d§ hiéu dyng clia cac thanh KC2 va KC3 theo vi trf, Bang 6.
Hinh 10 trinh bay cdc déc trung tich phan (cdc dudng gach néi dung dé ngoai suy 46
hiéu dyng tdng).

BANG 6 - Dic trung tich 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- Pdc trung tich phéan cdc thanh KC1.va KC4

Ngay 24/12/83 xac.dinh dac trung tich phan clia thanh KC4 ddi véi vi tri KC1 =
KC3 = AR =0 mm.
Ngay 25/12/83 xac dinh déc trung tich phan cla thanh KC3 ddi véi vi trf KC2 =
KC4 = AR = 0 mm, Bang 7. Cac dudng déc trung nay cling dugc trinh bay trén Hinh

10.

BANG 7 - Dic trung tich 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

Tu Hinh 10 ta dugc dd hiéu dung cla cac thanh KC nhu sau

KC1:2.08, KC2: 2.48, KC3:2.36, KC4 : 1,96.

Do phan ung du trl cla cau hinh 74 BNL dugc xac dinh qua KC2 1a 2.1 (KC2 = 455;
KC1=KC3=C4=AR=0) va qua KC3 la 2.08 (KC3 = 487; KC1=KC2=KC4=AR=0) :
B6 phan tung dy tri’ trung binh bang 2.089.
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D sau dudi tdi han, khi nang ca 2 thanh AZ Ién khdi ving hoat con cac thanh KC va
AR dudi, dugc tinh bang hiéu giita tdng dé hiéu dung cac thanh KC va AR vdi dé
phan tng duy trr . Vay d6 sau dudi tdi han bdng

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

5.3 < Dé hiéu dung dong thdi cua cdp thanh KC1 va KC2

Bang 8 trinh- bay d§ hiéu dyng cua cdp thanh KC1 va KC2 dugc xac dinh qua
KC3 vdi vi tri cac thanh khac KC4 = AR = 0 (ngay 24/12/83), cung vdi d§ hiéu duyng
téng cdng cua KC1 va KC2 tinh riéng biét. Hai dé thi, Hinh 10, dhd (KC1 va KC2) va
dhd (KC1) + dhd (KC2) khéng khac nhau trong mién 0 - 300 mm, do dé hiéu (ng
giao thoa gilla 2 thanh KC1 va KC2 chua dugc xac dinh (nho).

BANG 8 - D6 hiéu dung déng thdi cdp KC1 va KC2

KCi1= KC2 KC3 Bé hiéu dung

mm mm (KC1va 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- D6 hiéu dung cla cdc thanh AZ1 va AZ2

Dé& xdc dinh dd hiéu dung cua céc thanh AZ1 va AZ2 ta trao ddi vai tro cua
chiing vdi hai thanh KC2 va KC3. Do diéu kién day cap dién cla ddng cd AZ2 trén
. thyc té chl trao déi dugc AZ1 vdi KC3 vdi AZ2 vdi KC2. Do dé trén bang diéu khién
khi ta thao tdc KC3 (KC2) thi trong ving hoat thyc chét & dich chuyén thanh AZ1
(AZ2). Phudng phap dugc ap dung la xac dinh dé hiéu dyng cia mét doan thanh AZ
rdi ngoai suy dé hiéu dyng téng bdng cdch si dyung dudng dic trung tich phan cua
cac thanh KC Ian can.

Vitrf KC2 = KC3 = 0, gil vai tro cua thanh an toan.

V@i trang thai tdi han KC1 = KC4 = AZ2 = AR = 0 va AZ1 = 473, dua AR
xudng vi trf 650 thi phai bu tri AZ1 = 337. Nhu vay doan 337 - 473 clia AZ1 cé dd
hiéu dyng béng 0.86. Trén doan nay hai thanh KC ldn cdn KC1 c6 d6 hiéu dung
b&ng 0.63 va KC2 ¢é dé hidu dung bdng 0,74. Do d6 dd hiéu dung clia AZ1 tinh ty 1é
theo dudng dic trung KC1 bdng 2.82 va theo dic trung cia KC2 bidng 2.97. Gia tri
trung binh cia dé hiéu dung thanh AZ1 béng 2.9.

Tuong ty, vdi trang thai tdi han KC1 = KC4 = AZ1 = AR = 0 va AZ2 = 446,

dua AR xudng vi tri 650 thi phdi bu trit AZ2 = 328. Nhu vdy doan 328 - 446 clia AZ2
cé dé hiéu dyng bdng 0.86. Trén doan nay hai thanh KC lan can KC3 cé d6 hiéu
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dyung béng 0.68 va KC4 cé dé hiéu dung bang 0.56. Do d6 do hiéu dung clia AZ2
tinh ty 1& theo dudng déc trung KC3 béng 2.98 va theo dac trung KC4 b&ng 3.0. Gia
tri trung binh cha d6 hiéu dung thanh AZ2 bing 2.99.

Toém tat két qua dac trung ¢du hinh 74 BNL cho § Bang 18.

VI - DAC TRUNG TiCH PHAN CAC THANH KC pOI VGI CAU HINH 86 BNL

C&u hinh 86 BNL c6 3 thanh Berili va 2 thanh nhém bao quanh thanh AR
Cacbua Bor, cac phép do tién hanh ngay 29/12/83, tugng tu nhu muc V.

6.1 - Pdc trung tich phan cdc thanh KC2 va KC3

Cau hinh dat tdi han vdi vi tri cac thanh digu khién KC1 = KC4 = 515 va céac
thanh khac dudc cho trong Bang 9.

BANG 9 - BU trif thanh KC2 va KC3 béing thanh AR
C&u hinh 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

SU dung déac trung tich phan thanh AR do ngay 29/12/83 tuong Ung vdi cac vi
tri KC1 = KC4 = 360 - 400 mm vdi cac gia trj
dd hiéu dung téng ciia AR = 1.044,
d6 hiéu dyng AR 200 - 400 mm = 0.454,
dd hiéu dung AR 200 - 378 mm = 0.380,
dé hiéu dyng AR 0-200 mm =0.196,
tu Bang 9 ta suy ra d6 hiéu dung cac thanh KC2 va KC3 theo vi tri, Bang 10.
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BANG 10 - D#c trung tich phan 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 - Ddc trung tich phdn cdc thanh KC1 va KC4

Xac dinh dac trung tich phan clia thanh KC4 qua KC2 d6i vdi vi trf KC1 = KC3
=515 mm, AR = 200 mm.

Xac dinh dac trung tich phan cGa thanh KC1 qua thanh KC3 ddi véi vij tri KC2

= KC4 = 482 mm, AR = 200 mm va qua KC2 ddi vdi KC3 =KC4 = 448, AR = 200,
Bang 11, cung vdi dac trung tich phén clia AR trong cau hinh 86 BNL.

BANG 11 - Dic trung tich 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

650 180 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

Tu Hinh 11 ta dugc dé hiéu dung cua cac thanh KC nhu sau :
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KC1:2.80, KC2: 3.48, KC3 :3.10, KC4: 2.56.

Ta cling nhan thdy rdng trong ca hai phép do qua KC2 va KC3 d¢ hiéu dung
cua KC1 nhu nhau nhung dang cac dudng déc trung thi khac nhau: qua KC3 ¢é dang
déi xing qua vi tri 300 mm con qua KC2 dic trung tich phdn cé dang khdng dé
xung, na phan trén c¢é dé hiéu dung bé hdn nlfa phan dudi. Didu nay cé thé gay
nén do anh hudng cua thanh KC2 lén thanh KC1 vi trong qua trinh do 2 thanh nay
chuyén déng ngudgc chiéu nhau.

6.3 - Hé sd giao thoa va dé phan Ung du trd

Ngay 29/12/83 do dé hiéu dung khi dich chuyén ddng thdi 4 thanh KC, dugc :
AR 650 500 400 300 200 100 O
4 KC 363 367 375 385 392 398 400.
Tu d6 dugc d6 hiéu dyng 4 thanh KC trong khoang 363 - 400 :
dhd 4KC (363-400) = dhd AR = 1.04.
Mat khac, xac dinh d6 hiéu dung tdng cla tung thanh riéng biét néu gia thiét s dung
cac dudng dac trung trén 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
Téng =1.20
Nhu vay hé sé giao thoa cua 4 thanh KC bang
K=1.04/1.20=0.87.
D4 hiéu dyng cla téng 4 thanh déng thdi bidng dé hiéu dung tc‘Sng cua tung thanh
nhan vdi hé s giao thoa .
dhd 4KC & = k x dhd 4 KC = 0.87 x 11.94 = 10.40.

Tudng Ung vdi trang 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, Téng 4 KC = 8.18.

Dé phan Ung dy tr¥ bing 0.87 x 8.18 + 0.38 = 7.50.

B$ sau dudi tdi han tudng Ung vdi cdc thanh KC va AR ndm trong viing hoat
bing (10.40 + 1.04)- 7.50 = 3.94.

Tém tit cdc két qua déi vdi cdu hinh 86 BNL dugc cho trong Bang 18.

VIl - PAC TRUNG TiCH PHAN CUA CAC THANH KC VA AZ D01 VI CAU
HINH 88 BNL

Trong cdu hinh 88 BNL 18 thanh Berili, thanh AR bdng thép khéng gl.

Ngay 14/1/84 xéc dinh déc trung tich phan cac thanh diéu khién nhung do dé
phan Ung dy trl qua Idn khdng thé do dudc toan by mét thanh. Do dé ngay 14/1/84
(chl mét ngay) da dat mét thanh Cacbua Bor vao bdy ndtron dé giam d¢ phan ing dy
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trir. Viéc xac dinh d6 hiéu dyng cac thanh KC va AZ trong digéu kién nhu vay khéng
hoan toan sat vdi thyc té.

7.1 - Truong hop binh thudng, dé hiéu dung KC2 vé KC3

Trong by ndtron khéng cé thanh Cacbua Bor , ngay 14/1/84 da xéc dinh déc
trung tich phan cac thanh KC2 va KC3 qua thanh AR vdi vi trf KC1 = KC4 = 650 mm.
Xudt phat t vj trf KC2=298, KC3=650, AR=200, tuan ty dua AR xuéng 400 va bu tru
b&ng KC3 Ién 512, rdi lai rit AR 18n 200 va bu tri bang KC2 xudng 322 cho dén vj trl
cudi cling KC2=650, KC3=233, AR=650 (xem thém Bang 12) :

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

. Vi khéng thé rut toan bd thanh KC2, (hodc KC3), ra khoi vung hoat, goi x =

dhd KC2 (0-298), /y = dhd KC3 (0-233)/, s dung cac gia tri trén day cla dé hiéu
dung ting phan clia thanh AR trong diéu kién KC1=KC4=650 (do ngay 23/1/84), ta
dugc dac trung tich phan cac thanh KC2 va KC3, Bang 12.

BANG 12 - D6 hiéu 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 phép xac dinh toan thanh KC3 va bé sung
phan con lai cta thanh KC2, tif d6 suy ra gia trj cGa x va y (xem sau day). '

7.2 - Trudng hdp Bay ndtron cd thanh Cacbua Bor

Ngay 16/1/84 xac dinh déc trung cédc thanh didu khién :

- KC2 va KC3 qua AR vdi KC12KC4=352 mm, Bang 13;

- KC1 qua KC3 véi KC2=KC4=346 mm, AR=300 mm va KC4 qua KC2 vdi
KC1=KC3=327 mm, AR=300 mm, Bang 14.
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BANG 13- D$ hiéu dyung KC2 va KC3 qua AR vdi KC1=KC4=352 mm
dhd AR (200-400) = 0.27

KC2 KC3 dhd KGC2 KC3 KC2 dhd KC3
0 650-504 0 0 435 0
185 504-456 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 1567-0 2.70 504 135-0 2.74

650 0 3.01

Hinh 12 trinh bay cac dudng déc trung KC do trong ca 2 trudng hgp. D6 hiéu
dung KC3 = 3.01 trong trudng hgp by cé thanh Cacbua Bor. Xdp xI gia tri nay vdi
trudng hgp khdng c6 thanh Cacbua Bor trong by ta dugc y = 0.68. D&i vdi thanh
KC2 Ian dau do trong khoang 298-650 mm, lan sau c¢é thanh B4C do trong khodng 0-
435 mm, néu ta néi xap xI cac gid tri trong khoang chung 298-435 ta dugc x=1.41 va
dd hiéu dung cua KC2 ta dudc d6 hiéu dyng cia KC1 = 3.50 . B¢ hiéu dung cua
KC4 = 3.15. D6 hiéu dung téng 4 KC = 13.11.

BANG 14 - Dac trung tich phan thanh KC1 va KC4, véi 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 - _Hé sé giao thoa va dé phan ung du trd
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Ngay 14/1/84 xac dinh dé hiéu dung khi dich chuyén déng thdi 4 thanh KC,
AR 650 400 200 O
4 KC 450 457 467 472

D4 hiéu dung déng thdi 4 thanh KC trong khodng 450 - 472:
dhd 4KC (450-472) =dhd AR = 0.49.

Mét khac, xac dinh dé hiéu dung tdng cla ting thanh riéng biét néu sl dyng
cac dudng dac trung trén Hinh 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 téng = 0.55
Hé sé giao thoa k = 0.49/0.55 = 0.89.

D6 hiéu dyng cla cac thanh KC va AR 4§ vi trf tdi han la.
dhd AR (400) = 0.33 :
dhd KC1 (457) = 2.87, dhd KC2 (457) = 2.81
dhd KC3 (457) = 245 dhd KC4 (457) = 2.57
Téng 4 KC =10.70
D6 phan ung dy trd =0.89 x 10.70 + 0.33 = 9.85

Dd sdu dudi tdi han tudng Ung véi cdc thanh KC va AR nam trong ving hoat
bdng (0.89 x 13,11 + 0,49) - 9,85 = 2,31 )

7.4 - _Dé hiéu dung cua cdc thanh AZ

Phudng phap dé nhu dugc trinh bay § myc 5.4. KC2 = KC3 = 0, gill vai tro
cla cac thanh an toan.

V@i trang thai tdi han KC1 =KC4 = AZ2 = 457, AR = 300 va AZ1 = 650,
dua 4 thanh dau xudng vi tri 650 thi phai bu tri AZ1 = 262. Nhu vdy doan 262 -650
cla AZ1 cé dé hiéu dung bang 2.10. Trén doan nay hai thanh KC lan can KC1 cé do
hiéu dyng bdng 2.48 va KC2 c6 dé hiéu dyng bdng 2.45. Do dé dé hiéu dung cla
AZ1 tinh ty 1é theo d6 hiéu dung 3.55 cla KC1 thi bdng 3.0 va theo dd hiéu dung
3.45 ciia KC2 thi bang 2.96. Gid tri trung binh cGia dd hiéu dyng thanh AZ1 bang
2.98.

Tuong ty, vd@i trang thai tdi han KC1 = KC4 = AZ1 = 489, AR =300 va AZ2 =
650, dua 4 thanh dau xudng vi tri 650 thi phai bu tri AZ2 = 320. Nhu vay doan 320 -
650 ciia AZ2 c6 dd hiéu dyng bang 1.42. Trén doan nay hai thanh KC lan can KC3
cé dd hiéu dyng bang 1.60 va KC4 c6 d6 hiéu dung bang 1.64. Do dé dé hiéu dung
cla AZ2 tinh ty Ié theo d§ hiéu dung 3.01 clla KC3 thi bdng 2.67 va theo dé hiéu
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dung 3.15 cla KC4 thl bdng 2.73. Gid tri trung binh cla d$ hiéu dyng thanh AZ2
bang 2.70.

Tom tat cac két qua d6 déi vdi cau hinh 88 BNL dugc cho trong Bang 18.

Vil - DO HIEU DUNG cUA MOT SO YEU TO TRONG VUNG HOAT

Do dé hiéu dung clla mét sé6 bé nhién liéu, thanh Berili va cac kénh thi
nghiém trong vung hoat ddi vdi cdc cau hinh khac nhau. Dung phudng phap bu tru

A€ so sanh vdi d6 hiéu dyng cua cac thanh KC va AR.

8.1 - Do hiéu dung cac bo _nhién liéu

D$ hiéu dung ciia mét sé bé nhién liéu & cac vj tri khac nhau dugc xac dinh
b&ng cach dua 16 phan Ung Ién trang thai téi han khi c6 BNL va khi khéng cé BNL, 6
mang dé tréng (cé nudc) hodc dugce thay bdng thanh nhém chén hay thanh Berili
Két qua cho trong Bang 15.

BANG 15 - D6 hiéu dung clia BNL
(cdt 1 : s6 BNL, vi tri, chat thay thé, d6 hiéu dung,
(cét 2 : dich chuyén thanh va dé hiéu dung tugng Ung)

BNL, vi tri/ Dich chuyén khi khéng co6 BNL/ d6 hiéu dyng
d6 hiéu dung Kci | kee KC3 KC4 AR
a) C4u hinh 74 BNL (23/12/83)
.
-N 067,.10- 213-213 213 - 213 213 - 213 213 - 213 213-213
1 0 0
nudc 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
nudc 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
nudc 0.36 172-172 172 - 172 172 - 172 172 -172 172-172
-N 186, 6-3 0 0 0 0. 0
nudc 0.19 172-172 172 - 172 172 - 172 172 -172 172-172
-N 194, 7-5 0 0 0 0. 0
nuéc 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 0 0 0 0.28 0
-N 067, 11-1
Be 0.28
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BANG 15 - (tiép)

BNL,vi tri/ Dich chuyén khi khéng cé BNL / dd hiéu dung

dé hiéu dung kci | ke2 | kea | kca AR
b) C&u 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
nudc 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 062 385-385 385-385 | 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) C4u hinh 88 BNL (18/1/84)

-N150, 7-4 470-408 451-451 451-451 451-451 300-300
nudc 0.48 0.48 0. 0. 0. 0.
-N194, 7-3 470-448 451-451 .451-451 451-451 300-300
nudc 0.16 0.16 0. 0. 0. 0.
-N 069, 10-1 470-432 451-451 451-451 451-451 300-300
nudc 0.28 0.28 0. 0. 0. 0.
-N186, 6-3 470-448 451-451 451-451 451-451 300-300
nudc 0.16 0.16 0. 0. 0. 0.

8.2 - D4 hiéu dung cua cdc thanh Berili va cdc yéu t6 khdc

D6 hiéu dung cla cac thanh Berili duge xéc dinh déi vdi nudc hodc thanh
nhom chén thay thé, do hiéu dung clia cac yéu té khac dugc xac dinh déi vdi nudc,
Bang 16.

Nhin chung, dd hiéu dyng cta cac BNL va cdc thanh Berili déu duong va nam
trong khoang 0.1 - 0.6 ngoai tri khéi Be cla bay natron, con dd hiéu dung cla cac
thanh kim loai (thép khdng gi, nhém) déi véi nudc la am.

BANG 16 - D% hidu dung thanh Berili va cac yéu té khac
Yéu td : KTN : kénh thi nghiém; AL1 : thdéi nhém dai 85 cm dudng kinh 15
mm; AL2 : thanh nhdm dai 53 cm treo dudi thanh diéu khién; Fe : thanh thép khdng
gl dudng kinh 29 mm; BeK : Khdi Berili ciia bay notron
Vitri: BN : bay notron; MQ : mam quay.
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Yéu t8, vi tri/ Dich chuyén khi khdng c6 yéu t6 / d hiéu dung
doé hiéu dung KC1 KC2 KC3 KC4 AR
a) Cau hinh 74 BNL (25/12/83)
-1 Be, 9-1 213-213 213-213 | 2183-213 | 213 -213 272-0
nudc 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
nudc 0.62 213 - 213 213-213 | 213-213 213-213 650-0
-3 Be, 9-1
10-1va 11-1 0. 0. 0. 0. 0.86
nuéc 0.86
-KTN, 7-3 172 - 172 172- 172 172 - 172 172 - 172 | 395 - 450
nudc - 0.12 0. 0. 0. : 0. -0.12
-KTN BN 172 - 172 172 -172 | 172 -172 172 - 172 | 433 - 395
nuéc 0.08 0. 0. 0. 0. 0.08
-A11 BN 172 - 172 172 -172 | 172 -172 | 172 -172 | 450 - 433
nudéc 0.04 0. 0. - 0. 0. 0.04
-A 11 MQ 172 - 172 172 -172 | 172 -172 | 172 -172 | 437 - 433
nuéc 0.01 0. 0. 0. 0. 0.01
-A12 7-3 172 -172 172 -172 172 -172 | 172 - 172 | 277 - 438
nudc -0.32 0. 0. 0. 0. -0.32
b) Cau hinh 86 BNL (31/12/83)

-1Be 1-3 385 - 385 385-385 | 385-385 | 385-385 247 - 0
A1l 0.26 0. 0. 0. 0. 0.26
-{Be 1-2 395 - 395 395-385 | 395-395 | 395-395 232-0
A1 0.27 0. 0. 0. 0. 0.27
-1Be 1-4 405 - 405 405 - 405 | 405 - 405 | 405 - 405 232 -0
A1 -027 0. 0. 0. 0. 0.27
-1Fe 7-1 338 - 338 338-338 | 338-338 | 338-338 | 335-650
nudc -0.58 0. 0. 0. 0. -0.58
c) C&u hinh 88 BNL (19/01/84)

-1Be 183-2 470 - 440 451 - 451 451 - 451 451 - 451 | 300 - 300

nudc 0.20 0.20 0. 0. 0. 0.
-1Be 1-4 470 - 434 451 - 451 451 - 451 451 - 451 | 300 - 300
nuéc 0.26 0.26 0. 0. 0. 0.
-A12 6-3 407 - 448 451 - 451 451 - 451 451 - 451 | 300 - 300
nudc -0.32 -0.32 0. 0. 0. 0.
- BeK BN 470 - 147 451 - 451 451 - 451 451 - 451 | 300 - 300
nuéc 2.64 2.64 0. 0. 0. 0.

IX - PHAN B TUONG D6I CUA MAT DO THONG LUUNG NOTRON NHIET

Xédc dinh phén bd méat dé théng lugng notron nhiét theo tiét dién ngang va
theo chiéu cao clia viing hoat ddi vdi cau hinh cé bay notron bang phuong phap kich
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hoat 14 do Dy-164. Déng vi Dy-165 c¢é thdi gian 140 phit va phan ra beta vdi nang
lugng Emax = 1.28 Mev (84%) va 1.19 MeV (14%)

9.1 - C4u hinh 86 BNL

Do tai 24 diém, 23 diém & BNL va mét diém 8 bay notron. L4 do dit tai diém
gitta BNL theo chiéu cao va 2 diém trén va dudi cach diém gilta 5 cm. Két qua dudc
Idy trung binh ca 3 diém do. Chiéu céc 14 dé & cong sult cé 1.E-2% N, tuc 14 vai
chuc Watt, thdi gian chiéu la 10 phat. Bang 17 va Hinh 13: cho phan bé tuang déi
cua mat dé théng lugng notron, Idy mat dé théng lugng notron tai tdm bdy Béng 1.
Hinh 14 trinh bay phan bé tudng déi cia mat dé théng lugng notron nhiét theo tiét
dién ngang bén trong bé nhién liéu tai cac 6 6-5 va 6 6-8.

Ta thdy rang mat dé théng lugng notron tang ti ngoai vao trong va nhin gia
tri cd 0,95 ngay tai mép BNL tié€p xtc vdi thanh Berili ciia bay notron. Tu cdc két qua
dé ta dudgc gia tri mat d6 théng lugng trung binh 1a 0.54. Do d6dd bat déng déu theo
ban kinh 1a

Kr=¢max/ (¢) = 0.95/0.54=1.76

9.2 - C4u hinh 88 BNL

Do tai 28 diém trong dé cé kénh udt K7-1 va bay notron. Bang 17 va Hinh 15
cho két qua do. Mat dé théng lugng trung binh trén 27 diém do la 0.35. DBé bat déng
déu khdong xac dinh dugc vi khong do dugc gia tri cuc dai. Nhdm chuyén gia Lién X6
xdc dinh Kr = 1.84 d4i vdi ca hai cdu hinh (xem tai liéu /2/).

Nhin chung, qua Bang 17 ta nhan thdy rang phan bé méat do théng ludng trong
2 cdu hinh kha khac nhau, mat dé thdng lugng trong ciu hinh 86 BNL 13 thanh Be
phan bd déu hon so vdi cdu hinh 88 BNL 18 thanh Be § day mat d6 tai bdy notron
dugc chudn bdng 1.

BANG 17 - Mat dé théng lugng ndtron theo tiét dién ngang
(chudn tai bay ndtron vé daon vi).

Vi tri 2-2 | 2-4 |2-51]2-71|3-1|3-4|3-613-9
ch 86BNL | 052 | 055 | 057 | 0.45 | 0.48 | ---ecoem | --oeee- 0.43
c.h.88BNL | 031 | 035 | 0.3¢4 | 028 | 0.31 | 032 | 0.32 | 0.28

Vi tri 4-2 | 4-4 | 4-7 | 4-9 | 5-1 | 5-3 | 5-4 ] 5-6
c.h.86BNL| 046 | 050 | 0.49 | 0.39 | 0.55 | 0.50 | -------- 0.60
c.h.88BNL| 025 | 027 | 028 | 025 | 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 | -------- 028 | 030 | 040 | 0.38 | 0.28 | 0.65

Vi tri 7-2| 7-3 | 7-4 |BayN| 7-8 | 7-9 | 7-9
c.h.86BNL| 051 | 057 | 064 | 1.00 | 060 | 055 | 0.55
c.h.88BNL| 0.32 | 034 | 036 | 1.00 | 0.37 | 0.31 | 0.31
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Hinh 13. Ph#n b8 tuong d8i cua mét d§ thdéng lugng
notrén nhiét theo ti&t dién ngang vung
hoat voi c&u hinh 86 BNL.

[:] B6 nhién 1iéu
A1, A2 Cac thanh bao vé& sy c8 AZ1, A72
Kl,e00, K4 Cac thanh bu tru KC1,..., KC4

Thanh digu khién ty ddng AR

Thanh chen Bérili
Thanh chen hhém

BAy notrén

PhAn b8 tuong d8i clia mit dd

théng luqgng notrdn nhiét

61



BNL 6.5 BNL 6.8

-
.’/".<-
’; Pind . ,; }.
. R SRR O
A 8., b
I A
\ "+ . : A
’ \'\ 2 K i i-\
¢ N o
Lol T~ H
L -
“ ‘\, R
: P e
NI
Genh
i
i\
|
»
!
I'\
N

Hinh 14 . Phan b8 twong d6i cla mit 4 thdéng luqng
notrén nhigt theo tift dién ngeng cac BNE
tgi 6 6.5 va & 6.8 ( c&u hinh 86 BNL ).

62



\, Pt \:\\ /
~.
\\\/;¢//' NS
h R \ /
\
. . ,‘\(
g N g / \\
! , . ’ 4
35 Kzi 27 [ m 241 / /
kénh : ; 1//\(/) oy T r 2 za; §~/
4 . a i o 30 1401 7 -3¢ \ ‘
th3 anghiem AN ‘51 35 sjm 3‘(///;':{1»?,3;13 . y l
\ s -, :
('\\ l\ 1\'"/1 ,Ll \\V v
,-‘.‘ A ,l ! ] ,\ ) J. 1\ V/ N {
e S /
ZoBerrheeeZ §
ENS SO AN\Z PN
iy -/
tif{/ A \ \ M ,/ ~ -
ey Jl’-’{':’"{‘,— // \\
e .
IS A
! “’&\: - ,'"//_:" -

 Hinh 15i. Phan b8 twomg d8i cua mit 44 théng luong
notrén nhiét theo tift dién ngang vung
hoat voi cfu hinh 88 BNL.

O Cac BNL
AT, - Cac thanh bao vé sy c8 AZ1, AZ2
K1,..., K4 Cac thanh bu trw KC1,..., KC4
() Thanh diBu khidn ty djng AR

Thanh chen Bérili

@ Biy notrén

1.0,.44,0.31,... Phan b8 tuwomg d8i cue mit dd
théng luwgng notrdn nhiét
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Hinh 16. Phin b6 tuong d8i cus mdt dd théng luqng notrdn
nhiét theo chiBu cao vung hogt tai biy notrén.
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Trong cdu hinh nay cling da do phan bd tuong ddi clla mat dd théng lugng
notron nhiét theo chidu cao vung hoat tai bay notron, Hinh 16, va tai cac mat BNL vi
tri 5-6, Hinh 17..Trong cac phép do nay, vi tri cac thanh KC la 457 mm va AR la 300
mm. Ta thdy rdng phan bd trong bay natron khéng déi xing : dudng cong dat cyc dai
tai khodng 300-450 mm. Céc phéan bé theo chiéu cao tai 6 5-6 khéng cé dang nhu tai
bay notron. D6 khdng dong déu taimat 1 va mat 614 1.13; d mat 2 va mat 514 1.23;
vad mat3vamat 4la 1.29.

Hinh 18 trinh bay phén bé tudng d6i mat d$ théng lugng natron nhiét theo truc
cdc kénh ngang thi nghiém : Mat d¢ nay giam theo ham mi. TU bién vanh phan xa
dén mat ngoai bé tédng bao vé mat do théng lugng gidm khoang 500 lan. Kénh ngang
sé 4 dat sat vung hoat, mat dé théng lugng ndtron theo kénh nay gidm 1000 ian tu
trong ra ngoai. Ngoai ra ciing cdn chu y rdng mat dé théng lugng ndtron & kénh sé 1
I6n hdn & kénh s6 2 : didu nay khang dinh rdng kénh sé 1 ¢é phan dan dong rdng
ndm trong vanh phan xa, chu khéng phai la kénh sd 2 nhu da cho trong cédc ban vé
thiét ké cla 16 Triga (cac hinh 3-7).

Hinh 19 trinh bay phan bd tuong déi mat dé théng lugng notron nhiét doc theo
truc cét nhiét. Mat dé théng tugng notron nhiét Qiém 2 bac tu trong ra ngoai.

Trong thdi gian khdi dong vat ly cling da xac dinh mat dé thdong lugng tuyét
déi cla ndtron nhiét va notron nhanh tai mét sé vi tri. Cac két qua nay se dugc trinh
bay trong phan 3 vé khdi ddng nang lugng 16 phan dng.

X - NHAN XET - KET LUAN

10.1. Tom tat vé khdi déng vat ly

Muc tiéu cla khdi déng vat ly 14 nap nhién liéu va xac dinh cdu hinh lam viéc,
khao sat cac dac trung vat Iy cta cdu hinh dé.

Céng viéc nap nhién liéu bat dau lic 14h30 ngay 30/10/83. Trang thai tdi han
vgi cdu hinh ving hoat khéng cé bay natron dit lic 19h50 ngay 1/11/83. Cau hinh
gdm 69 BNL véi khéi lugng U-235 tdng cdng la 2781.2 g.

Trang thai tdi han vdi cadu hinh ving hoat cé bay ndtron dit lic 17h48 ngay
18/12/83. C4u hinh gém 72 BNL, khéi lugng U-235 téng cdng 1a 2987.4 g.

Ngay 21/12/83 bat dau nap thém nhién liéu dé xac dinh cdu hinh lam viéc va
khao sat cac dac trung vat ly. C4u hinh dau tién cé dé phan Ung dy tri nho gom 74
BNL, 2977.9 g U-235 . C4u hinh thi 2 gdm 86 BNL vdi 3461.8 g U-235. Cau hinh
lam viéc chinh thitc gom 88 BNL dudc thiét 1ap ngay 14/1/84 vdi khéi lugng U-235
téng cong la 3537 g.

Céc két qua do dac vat ly dugc KST Ngdé Quang Huy x{ Iy song song vdi

chuyén gia N.V. Arhanghenski phy trach nhém khdi déng 16 Lién X4 /2/. Cac két qua
vat Iy dugc tém tat trong Bang 18, trong dé viét trong ngodc 1a cac két qua xU Iy phia
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Lién Xé /2/, sai khac nhau 10% trong dai da sé truéng hgp. Hinh 20 va 21'trinh bay
céc dac trung tich phan cla cac thanh diéu khién theo tai liéu /2/. Sau day la mdt sé
nhan xét vé dac trung cac thanh diéu khién trong 3 cau Hinh 74, 86 va 88 BNL.

10.2 - Y& dé hiéu dung

1) D6 hiéu dyng cac thanh ting theo sé lugng cac bé nhién liéu dugc nap.
Diéu nay rat rd ddi véi 4 thanh KC, It rd hdn ddi vdi 2 thanh AZ, c6 thé do cach do va
x{r ly xdp xI duge dung. B hiéu dung AZ1 va AZ2 gan nhu khong thay ddi trong 2
cau hinh 74 va 88 BNL. B$ hiéu dyng AZ nhé hon dé hiéu dyng KC trong cau hinh
88 BNL nhung I§n hon trong cdu hinh 74 BNL . D hiéu dyng cac BNL thi gan nhu
khéng déi véi 3 cau hinh.

2) DBd hiéu dung cac thanh didu khién khéng déu nhau tuy rang ca 6 thanh KC
va AZ déu c¢6 cung cdu tric, va khéng tuan theo quy luat déi xing cta vuang hoat
(phan nlia ving hoat phia AZ1 ¢é d6 hiéu dung cao hon). Cé thé do cach tién hanh

phép do khéng thich hgp. Can tim hiéu khdo sat nguyén nhan hién tugng nay.

BANG 18 - Tom tét cac théng s vat Iy khdi dong 1o

Thong sb 74 BNL 13 Be | 86 BNL 13 88 BNL 18
Be Be
- Khéi lugng tai 74- 29779 g 86- 3461.8 g 88- 3537 g
S6 va khdi lugng U 235 13-28211 g 13- 28211 g 18- 33113 g
Sé va khéi thanh Be
- D6 hiéu_dung cac thanh diéu_ khién
AZ 1 2.90 (2.55) - 2.98 (2.80)
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)
Téng 4 KC 8.88 10.4 (1.04) 11.67 (11.0)
hé s6 giao thoa 4 KC 1 0.87 0.89
dé phan ang dy trit 2.09 (2.09) 7.50 (8.14) 9.85(9.17)
d6 sau dudi téi han 7.65 (7.48) 3.94 (3.50) 2.31 (2.33)
- D6 hiéu dung BNL
0 1-2 so vdi AL 0.60
6 1-3 so vai AL 0.62 (0.54)
0 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 - (tiép)

Théng sé 74 BNL 13 Be 86 BNL 13| 88 BNL 18
Be Be
56-3 0.10 (0.19) 0.16 (0.18)
67-1 0.40 (0.60) 0.52 (0.53)
67-3 0.16 (0.16) 0.16 (0.18)
67-4 0.38 (0.55) 0.48 (0.52)
611-1 0.58 (0.58)
611 -1sovdiAL 0.52 (0.47)
6 11 - 1 so vdi Be 0.28 (0.16)
- D6 hiéu dung cac thanh Be va yéu té khéc
Be 6 1-2 so vdi AL
Bed 1-3 - nt -
Bed 1-4 -nt-
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)
Khdi Be bay notron 2.64 (2.44)
Kénh thi nghiém 6 7-3 -0.12 (-0.12)
Kénhthi nghiémbay 0.08 (0.08)
ndtron 0.04 (0.04)
Th.AL 85mm b4y notron 0.01 (0.01)
Th.AL85mm mam quay -0.32 (-0.34)
Th.AL 530mm § 6-3 -0.32 (-0.37)
Th.AL 530mm 6 7-3 -0.58 (-0.46)
Th.theép khéng gl 7-1

3) Hé sb giao thoa gidm khi d6 hiéu dung cac thanh ting. Diéu nay thé hién
§ tinh chat bat ddi xing cla cdc dudng dic trung tich phan khi cdc thanh nhing mét
phan trong ving hoat. Diéu nay ciing con thé hién khi thanh AR bing Cacbua Bor
lam cho d¢ hiéu dyng cua cac thanh lan can KC1 va KC4 nho hon d¢ hiéu dung cla
KC2 va KC3. Do vai trd quan trong cla hé sé giao thoa trong viéc xac dinh dé sau
dudi téi han, Can khao sat chinh xac hé s§ giao thoa trong cau hinh lam viéc cta cac

thanh diéu khién.

10.3 - _Vé dang cdc ddc trung tich phan

Trong ca 3 cdu hinh, dic trung tich phan clia cdc thanh KC2 va KC3 dugc xac
dinh bang cach bu tri so sanh vdi thanh AR, con cédc thanh KC1 va KC4 dugc xac

dinh qua KC2 va KC3.
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- Dac trung tich phan thanh KC2 khéng dugc xac dinh cho toan thanh trong ca
3 cau hinh.

- B38i vdi KC3 dac trung toan thanh chi dugc xéc dinh trong cac cdu hinh 86
BNL (trong cdu hinh 88 BNL phai dat thém thanh Cacbua Bor trong bay notron).
Hinh 22 trinh bay cac dac trung tich phan nay (da dugc chuan vé dan vi) : ca 2
dudng dac trung nay déu khdng déi xung qua vi tri trung tdm 300 mm. Nguyén nhan
cé thé do céc thanh KC1 va KC4 nhing lung ching vung hoat (tinh bat ddi xing rd
nét han vdi KC1=KC4=352 mm trong cdu hinh 88 BNL).

- D4c trung tich phan toan thanh KC1 trong cdu hinh 86 BNL dugc xac dinh 2
lan khdc nhau, dung KC2 hodc KC3. Cédc diéu kién cdu hinh cac thanh diéu khién
trong 2 trudng hgp tuong ty nhu nhau. Cac dudng dic trung tich phan chudn, Hinh
23, néu rd anh hudng cla cac thanh KC2, KC3.

- D&c trung tich phan KC4 dugc xac dinh trong cd 3 cdu hinh va déu dung
KC2, ndm déi xing qua tdm, cach xa KC4. Anh hudng cla vi tri cac thanh con lai ddi
vdi cac dudng dic trung chudn nay dugc minh hoa trén Hinh 24

Qua phan tich néu trén ta thdy rd hiéu (ng giao thoa gifra cac thanh. Hiéu
1ing giao thoa (thyc nghiém cho thay 14 giao thoa 4m nghia la dé hiéu dyung dong thdi
nhé hon téng dd hiéu dung ting thanh), khéng phat hién dugc trong cdu hinh 74
BNL (c6é dé phan Ung dy tri’ nho) tang Ién khi tdng lugng nhién liéu nap vao, nghia
la tdng dé hiéu dung cua mdi thanh. Hiéu Ung giao thoa nay khéng thé loai tri trong
cdu hinh lam viéc ma cac thanh diéu khién nhing déu nhau.

XI. PHY LUC
Nhién liéu Uran dugc bado vé trong vo boc bdng nhém day 0,9 mm. Bung vé
mat an toan hat nhan, lam hu hai dén Idp vo boc nhién liéu 14 mdt sy ¢d nghiém

trong.

11.1._Hién tudng quan sat

Ngay 2/11/83, sau khi dat tdi han vdi cau hinh vung hoat khéng cé bay notron,
da dua 16 vé trang thai sdu dudi téi han va dua cac BNL sé 056, 058, 059. 060 va
061 tu 6 6 trung tdm vao cac cdc chita tam 1-1 va 1-2 & trong bé 16. Ngay 5/11/83 ldy
cac BNL nay ra xem thi thdy ching bi xd&m. Nhung sau dé xem cac BNL con lai trong
vung hoat thi thdy khéng bi xam. Tuy nhién cling da quyét dinh rut tat ca cac bé BNL
tU vung hoat ra, dat lai vao kho nhién liéu, ( Phdng 125) va dat cac thanh nhém chén
vao vung hoat. Nhiing ngay tiép theo hoan chinh cic hé céng nghé 19, xac dinh chat
lugng nudc va loc nudc bé 16 dé loai trd hidn tugng trén.
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Ngay 14/12/83, chua tim dugc nguyén nhan hién tugng xam nhién liéu, va vi
vay chua cé bién phap x{ ly. Tuy nhién dé tiép tuc chuong trinh khdi dng 16, van bat
dau nap nhién liéu trd lai va d&t yéu cau theo ddi thudng xuyén hién tugng nay. Ngay
17/12/83 nap nhién liéu vao ving hoat vdi cdu hinh cé bay notron va dat trang thai
tdi han luc 17h48 ngay hom sau.

Ngay 18/12/83 ltc 10h30 khi rat thanh nhom chén 6 11-8 da rut nham BNL
086 & &6 11-7 va rdt ngac nhién nhan thdy BNL bi xam nham nhd tuy mdi dugc dat
vao vung hoat ¢é 19 gid. Sau dé lic 13h30 rdt BNL & 6 6-3 ra xem, cling thay bi
xam, thanh nay nam trong vang hoat dugc 21 gid.

Céac ngay 19 va 20/12/83 dung cong viéc khdi dong dé xac dinh nguyén nhan
xam voé thanh nhién liéu. Rit thém mot sé BNL ra xem, thay bi xam ca. Déc biét BNL
186 & 6 6-3 hién tugng xam khac han ngay 18/12 : xem lic 14h30 ngay 19/12 céc
mat bi xdm déu chif khéng xam nham nhd niia. Nhan xét chung 1a qua trinh xam xdy
ra kha nhanh, lic dau xam nham nhd den bdéng va nhu dugc ho trén ngon dén dau
hoa, Sau dé xam md, khéng béng va xdm déu. Nhing ngay tiép theo tim kiém
nguyén nhan cla hién tugng & cac bot khi hodc nguyén nhan dién phan trong nudc

Y

[o}

11.2._Tim hiéu nguyén nhan

a) Dy doéan diu tién cla hién tugng xam cac BNL trong céac céc chua tam 1-1
va 1-2 la &n mon Clo. Do d6 da phan tich nudc trong 2 cbc nay va thdy ham lugng
Clo dat tai 180 micro g/1 trong khi Clo trong vung hoat khong dugc vugt qua 50 micro
g /1. Nhu vay, cho rdng da tim ding nguyén nhan va dé khac phyc can phai cho hoat
déng hé thdng loc nudc vong 1.

Hé thdng nudc vong 1 da lam viéc tU ngay 3/11/83 va sau dé van tiép tyc cho
chay, dong thgi ctio hé théng loc nudc 16 hoat ddng. Tuy nhién sau dé hién tugng
xdm van con, xudt hién ca trong ving hoat. Cac thanh nhém chén bi xam dam & dudi
vd md dan lén trén. D4t thU mot thanh nhém chén vao 6 trung tdm, 2 ngay sau lay
Ién thdy bj xam loang 16.

Lay nudc tit vung hoat 1én phéan tich thi thdy ham lugng Clo dudi mic 50 micro
g /1. Nhu vay hién tugng xam cé thé khéng lién quan dén sy ting Clo. Dé khang
dinh diéu nay da 14y nudc trong 16 va thém Clo vao dén néng dé 5 mg /| (100 tan idn
hon muc cho phép) va dat vao d6 miéng nhdom cung thanh phan vat liéu véi thanh
nhom : két qua khéng thdy bi xam.

Nhu vay, hién tugng xam vd BNL hay vo thanh nhém chén khdng phai do an
mon Clo ma do nguyén nhan khac.

b) Nhan xét rdng ngay 3/11 khi cho nudc vong 1 1am viéc thady cé rat nhiéu
chat ban, c6 thé day la nguyén nhan. Ngay 12/11/83 ria thung 16 va thay nudc mdi:
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trudc hét hit phan nudc sach & trén, cho dén gan vung hoat, dé vao bé chia nhién
lidu da chay; sau do ding bdm xit khudy nudc trong 160 va rifa sach cac bd phan
trong thang 10, nudc ban cho qua bé loc ¢é va loc trao déi ion ci cua 16 Triga; sau khi
ra sach nhu vay lai hit nudc tir bé chia nhién liéu vao thung 1.

Tuy nhién sau khi rira sach thung 19, hién tugng xam bé mat cac thanh chén
trong ving hoat van tiép tyc. Luc nay cd cdc bd phan khac bdng nhém, nhu day
giéng treo, mam quay .v.v... cling bi xdm den. Nguyén nhan van chua tim dugc.

c) Ngay 19/12/83 nhan thdy rdng trong ving hoat cé bot khi ndi 1én kha nhiéu,
15-20 bot trong 1 phut. Tu dé cé thé néu Ién 2 gia thiét vé nguyén nhan xam bé mat
cac BNL do oxy hoa :

- Bot khi tU ngoai vao viing hoat qua hé thdng nudc vong 1;
- Bot khi xu&t hién do hién tugng dién phan.

Ngudn géc tht 2 dugc khdo sat ngay, tim xem ngudn dién nao cé thé gay
nén hién tugng dién phan cuc bé. Ngudn nay khéng can cao thé nhung céng suét
phai du 18n, cé thé 1a do sy chénh léch thé gilta dat vat ly va diém trung hoa. Bo dac
cho thay la 2 hé dat nay dugc ndi vdi nhau trong bé [6.

Déng thdi da tién hanh do hiéu dién thé dung 2 cdy sao bdng nhém ndi vdi
ampe-ké& va phat hién dugc dong cd 100 micro A khi 2 cidy sao dé cich nhau va
nhing vao nudc 6. Lam thi nghiém dién phan trong binh thay tinh véi 2 dién cuc
badng nhém cé cling vét liéu vdi vo BNL sau 2 gid cling thdy cé hién tugng xam den
va cé bot khi. Tuy nhién trong thi nghiém nay thay trong nudc cé rat nhiéu nhom
trong khi dé néng d6 nhém trong nudc 16 van d muc 15 micro g/ I..

Nhu vay hién tugng xam bé mat BNL it cé kha nang do dién phan gay ra. Con
lai nguyén nhan oxy héa do bot khéng khi tlr hé nudc vong 1 dua vao.

Trudng hgp nay cé thé xay ra trong nhifng ngay dau khi cho hé nudc vong 1
chay, vdi luu lugng nudc rat Idn va may do luu lugng nudc lai chua hoat déng dugc :
luc d6 chl quan sat thady khéng khi tUf ngoai dugc hat vao céac dng cla hé do vi sai .
Ngay 21/12/ dat 3 BNL sé 087, 180 va 187 vao cdc 6 12-2, 12-3 va 12-4 dé tiép tuc
quan sat. Ngay 22/12 rut ra xem khéng thay bi xam va trong vung hoat ciing khéng
thay bot khi néi Ién. Ngay 25/12 xem lai, thdy cadc BNL 180 va 187 sdng binh thudng,
con BNL 078 chi bi xdm md & 2 mat. Trong cdc ngay nay thinh thodng cho hé nudc
véng 1 va vong 2 hoat dong. Pén ngay 28/12 xem lai cac BNL thdy thanh 078 bi xam
nhe ca 2 mat con 2 thanh kia hgi bi xdm md & mdt vai mat.

Nhu vay hién tugng xam van con xay ra tuy téc dé con chadm hdn cé 18 vi
trong nudc 16 it bot khi.
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Ngay 29/12/83 nap thém 12 BNL n{ta va khdng cho nudc vong 1 hoat déng dé
han ché kha ning khéng khi Iot vao bé 16. Ngay 31/12 rit 10 trong s 12 thanh chi
dé lai 2 thanh s6 150 va 152 tai cac 6 7-4 va 7-8. Dén ngay 4/1/84 xem 2 thanh 150
va 152 (dat ngay 29/12) thay hoi bi xam nhe, xem 3 thanh 078, 180 va 187 (dat ngay
21/12 va da thay chung bj xam nhe) thdy mdi thanh déu cé vai mat bj den bong.

Nhu vay hién tugng xam nhién lidu van tiép tuc mac du khéng cho nudc vong
1 hoat d6éng.

d) Ngay 21/12/83 da gui sang Moskova 2 thanh nhém chén bi xam va 1 chai
nudc 1y tir bé 16. Ngay 12/1/84 nhan dugc két qua phan tich nudc : pH = 6.2, d6 dan
= 0.5 micro Sm/cm ndng dé (dan vi micro g/L) cla Cl = 0, Al= 30, Fe = 50. Cac két
qua nay phu hgp vdi cic két qua phan tich tai Ba lat va cho thdy rdng chat lugng
nudc trong bé 16 dat cac yéu cau ddi véi viéc su dung loai nhién liéu cla Lién X6.
(Hon nla, phia Lién X6 sé thong bao la 8 Moskava) da thanh lap hdi déng 10 chuyén
vién dé xem xét cac thanh nhém bi xam va két luan 1a véi hién tugng xdm nay van co
thé tiép tuc dua lo vao hoat dong.

Ngay 12 va 13/1/84 ra sach céac bo loc cd va mét bé loc trao ddi ion cla hé
nuéc vong 1. Ngay 14/1/84 bit dau nap nhién liéu vao vung hoat dé tao cdu hinh lam
viéc.

XIl. TAI LIEU THAM KHAO

/1/ Pham Duy Hién, Ngé Quang Huy, Vi Hai Long, Tran Khanh Mai. Bao cao
khéi déng Lo Phan ung Hat nhan Pa Lat, Phan 1 * Khéi déng vat ly véi cdu hinh
viing hoat khéng cé bay notrén”,

/2/ Arhanghenski N.V, Bién ban khd&i déng Lo Phan ung Hat nhan ba Lat
(tieng Nga), 1984.
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VN9700004

BAO CAO
KHOI DONG LO PHAN UNG HAT NHAN DA LAT

PHAN 3

KHOI PONG NANG LUCONG
(6/2/1984 - 15/2/1984)

Pham Duy Hién, Ngé Quang Huy, Vi Hai Long, Tran Khanh Mai

Sau khi hoan thanh khdi déng vat ly 16 phan ing vdi cdu hinh ving hoat 88
B6 Nhién liéu (BNL), ngay 6/2/1984 bat dau khdi dong néng lugng. Coéng suat 16
dat 10KW (6/2/1984), 100KW (7/2/1984), 200KW va 300KW (8/2/84), 400KW va
500KW (9/2/84). T4 19h06 ngay 11/2/84 d&n 19h06 ngay 14/2/84 cho 16 hoat déng
lién tyc 72 gid & cong suat danh dinh 500KW.

Béo cdo trinh bay céc két qua do dac trong qua trinh khdi ddng nang lugng
xac dinh cac dac trung sau day:
- Chudn céng suit 1o,
- Cac théng s6 céng nghé va an toan buc xa,
- Méat 46 thong lugng ndtron,
- Hé sé nhiét doé cla dd phan uUng,
- D6 nhiém ddc Xenon.

J. CHUAN CONG SUAT LO

Céng sudt nhiét cua 1o do bang cdng suat tai nhiét cua hé thdng vong 1 va
vong 2. Tuy nhién céng suét nhiét chl do dugc chinh xac t& 100KW tré 1én. Viéc
chuén cdc muc cong sudt thdp dya vao phép do théng iugng ndtron tuyét ddi.

Viéc chi thi cdng sudt 16 thé hién trén ban diéu khién, do hé AKNP tién
hanh. H&é AKNP gém 9 budng ion hda ghi dong notron va hé xU ly tin hiéu tu 9
budng ion héa dé dé cho biét mic cong suét 1d.

Céng suat dugc chia lam 3 dai, mdi dai dung 3 budng ion héa nhu nhu dugc
trinh bay trén bang 1.1. Trong bang nay N la céng suat danh dinh 500KW. Van dé
can giai quyét trong qua trinh chudn cong suét 16 1a lam sao dé cong suét thyc cua
16 tring véi cac gid tri cong suét chl thj trong cdc dai do néu trén. Mubn vay, d céc
muc cong sudt DI va PD ta dung phép do mat dé thong lugng notron nhiét tai mét
vai vi tri trong vung hoat réi tinh ty 1é tuong déi véi mat dé théng lugng notron nhiét
theo tinh toan thiét ké tai cac vi trf dé. Sau khi so sanh xong ta d&t muc cong suéat
chl thi phu hgp v8i mic cong suat that. Qua trinh nay tién hanh dén mic cong
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sudt vai chuc KW. Sau dé vdi cac muc cdng sudt cao han dung phép do cdng suat
nhiét dé chuin dinh cadc muc céng suit chi thi.

Bang 1.1. Cac dai do céng sudt 13.

-Dai coéng sudt Ky hiéu budngion héa | Thé loai
Dai nguén 1E-8-1E-2 % N Di1, DiI2, DI3 KNK-15
D4ai trung gian 1£-3 - 10 % N PD1, PD2, PD3 KNK-15
Dai ndng lugng 1 -120 %N ED1, ED2, ED3 KNK-3

1.1- Chudn bing théng lugng nd tron nhiét

D& thuan tién trong viéc chudn cong sudt ta dung hé do bé sung gém budng
ion héa KNK-56 dat trong kénh ngang s6 4 va thiét bi do dong cla budng nay la
may ty ghi KSPV-4. Mdy nay cé 11 dai do, mdi dai ¢6 100 dd chia vdi muc dong
cuyc dai & mdi dai nhu sau:

Dai do 1 213 | 4 516171819 10 11
Dong do cucdai,nA | 0,2 | 0,3 {0, 1 2 | 511020 50| 100 | 1000
6

Ta dung hé do nay cho sé liéu trung gian dé didu chinh muc céng suat chi
thi theo miic cédng suat dudc xdc dinh bdng théng lugng notron nhiét. Mat do
théng lugng notron nhiét dugc xac dinh bdng phuong phép kich hoat l1a do Au
khéng boc Cd va boc Cd. Phan ung kich hoat la Au-197 (n,y) Au-198, vdi tiét dién
kich hoat 98,7 + 0,2 barn. Nguyén tG Au-198 co thdi gian ban rid 2,696 + 0,002
ngdy, ndng lugng buc xa gamma dugc do 14 412keV vdi hé sd phdn nhanh
95,48%. Sau day la cac lan chudn céng suat vdi cau hinh 88 BNL.

- Ngay 17/1/1984 - Pua 16 I1&n trang thai tdi han vdi vi trl cdc thanh diéu
khién 12 4KC = 447 mm, AR = 300 mm. Chiéu 1a d6 Au tai tdm bay notron. Mat do
théng lugng notron nhiét do dugc la 2,3E8 n/cm2.s . Theo tinh toan thiét ké mat do
théng lugng notron nhiét tai bay notron & céng sudt 500 kW 1 1,8E13 n/cm2.s do
dé cong sudt tugng déi do dugc 1a P = 2,3E8/1, 8E13 = 1,17E-3 %N, cdng suat
tuyét déila P = 5,81W.

May KSPV-4 g thang do 11 d6 chia 48 Ung vdi dong do la

I = 48/100 x 1000 nA = 480 nA.
Chi thi cdng sudt trén ban diéu khién nhu sau:
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PD1 = 1,0E-1 %N D = 1,6E-1 %N
PD2 = 7,9E-2 %N DI2 = 16E-1 %
PD3 = 2,5E-1 %N DI3 = 5,0E-2 %N.

Ta thdy rdng & cac dai PD va DI cong suét chl thi cao hon cdng suat thuc
dén 2 bac.

- Ngay 19/1/1984 - Rut budng ion héa KNK-56 & kénh sé 4 ra mét doan sao
cho dong clia KSPV-4 giam di 10 lan. Bua 16 1én tSi han, vj tri cac thanh diéu khién
la 4KC = 440mm , AR = 300mm. Mat dé théng lugng notron nhiét tai bay notron
do bang kich hoat 14 do 1a 2E9 n/cm2.s.

Céng suat tuong ing 14 P = 2E9/1,8E13 = 1,1E -2 %N = 55W.

May KSPV-4 ¢ thang do 11 d6 chia 56 Ung véi dong do la | = 560 nA.

Chi thi cdng suat trén ban diéu khién nhu sau:

PDY1 = 1,0 %N DIf = 2,5E-1 %N
PD2 = 1,0 %N DI2 = 1,6E-1 %N
PD3 = 2,5 %N DI3 = 3,2E-1 %N.

Ta ciling thay rang céng suat chi thi cula cac dai PD va DI cao hon céng
sudt thyc (100 lan va 10 1an) .

Cung vdi la doé chiéu tai bay ngtron con chiéu la do tai 6 7-1. Mat dé ndtron
do dugc 14 8,95E8 n/cm2.s, tinh toan thiét ké tai vi tri ndy Ung vdi céng suat 500
kW cho théng lugng bdng 7E12 n/cm2.s, do d6 céng suét tuong Ungla P = 1,28E-
2 %N = 64 W.

Nhu vay hai két qua do mat dé théng lugng ndtron nhiét tai bay va é6 7-1 cho
cac gia tri cong suét phu hgp nhau va khdng phi hgp vdi cong suéat chi thi.

- Ngay 21/1/1984 - Rut bubng ion héa KNK-56 & kénh sé 4 ra cd 50cm dé
giam dong cua KSPV-4 di 10 1an. Dat t8i han v4i 4KC=445 mm, AR = 300 mm.
Mat dé'théng lugng notron do dugc tai bay 4,19E10 n/cm2.s, tai mam quay 3,58E9
n/cm2.s. Tinh todn thiét ké tai mam quay cho 3E12 n/cm2.s 6 500 kW, do dé suy ra
céng suét
P = 2,33E-1 %N = 1164 W tai by,
P=119E-1 %N = 597 W tai mam quay.
Nhu vay hai két qua khong trung nhau: & bay 1,2kW , 8 mam quay 0,6kW.
Tuy nhién nhin vao vung hoat 1an dau tién thady anh sang buc xa Xerenkov.
Do bubng ion héa KNK-56 & kénh s6 4 rit ra dé dong clia KSPV-4 giam di
10 Ian, trong ltc 86 céng sudt ting gap 10 lan so véi ngay 19/1/1984 nén dy doan
KSPV-4 sé& chi gia tri gan nhu ngay 19/1/1984. Thyc té 1a & thang do 11 d6 chia 80 °
dong do la 800nA.
Dé cong suat chi thj phu hgp vdi cong suédt thyc, da phai tién hanh diéu
chinh vi tri 3 budng ion héa dai PD cua hé AKNP sao cho cdng suét chi thi ciing
vao c¢G 0,1 %N. Sau khi diéu chinh, chl thi cong suat trén ban diéu khién I&

PD1=13E-1 %N ; ED1 =05 %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 chl thi theo dai PD phu hgp hon muc céng suat céng suat 1o.

- Ngay 23/1/1984 - Kiém tra hé théng diédu khién ty dong AR, xem cong suat
1d cé ti 1é v3i cong suét thiét Idp theo AR hay khdng. Céng sudt 16 dugc diéu khién
ty dong theo céng sudt thiét lap theo AR nhd tin hiéu l1dy & budng ion héa dai PD.

Pua 16 1én tdi han vdi vi tri cac thanh diéu khién 4KC = 454 mm va AR =
300 mm.

Cdng suét thiét 1ap theo AR = 0,5 %N. V3i gia tri KSPV-4 tai thang do 4 dé
chia 58 déng do !a 0,58 nA. T&ng céng suit theo AR 1én 1% thi céng suat tdng va
s6 do KSPV-4 tai thang 5 d6 chia 62 cho dong do bang 1,24 nA. Ta thdy rdng ti 1é
cac dong do 1& 1,24/0,58 = 2,14. Ting cdng sudt theo AR 1én 5% thi cdng suét tiép
tyc tang va sé do KSPV-4 tai thang 7 dé chia 62 cho dong do 6,2nA.Ta thdy rang tl
I& dong do 1a 6,2/1,24 = 5. Nhu vy déng KSPV-4 tang tl 1é v8i cdng suat thiét lap
theo AR. Diéu d6 chung té hé théng didu khién ty déng lam viéc tét.

- Ngay 24/1/1984 - Tiép tyc kiém tra hé diéu khién ty déng AR nhg tin hiéu
lay tU budng ion hda dai PD.

Cdng sudt thiét lap theo AR = 1%.

Dong KSPV-4 : Thang 6 db chia 35 = 1,75 nA.

Cdng suat thiét lap theo AR = 44,4%

Déng KSPV-4 : Thang 10 dé chia 96 = 96 nA.

‘Tl & dong = 54,8.

T1 [é nay khdng trung vdi tl 1é cla cong suét thiét I4p theo AR. Cé thé do hai
gia tri cédng sudt dit qua xa nhau.

1.2- Chuan bing céng suit nhiét

- Ngay 6/2/1984 - Bat dau khdi dong ndng lugng. Rut budng ion héa KNK-56
ra khoi kénh sé 4. Pua 16 1én tdi han vdi vi tri cac thanh diéu khién la 4 KC = 458
mm, AR = 300 mm.

Pua cdng sudt l1én cd 10 kW béng cach chon céng sudt chi thi ctia dai PD
bdng 2%. Khi dé chi thi céng suét la

PD1 =2 %N ED1 =3 %N
PD2 =2 %N ED2 =36 %N
PD3 =2 %N ED3=2,8 %N

- Ngay 7/2/1984 - Trong ngay 21/1/1984 cdng sudt chi thi theo dai PD phu
hgp vdi cdng sudt thyc cla 18, con cdng sudt chl thi cua dai ED khdng phu hdp.
Ngay 23/1/1984 kiém tra hé thdng diéu khién ty déng AR nhd tin hiéu ti budng ion
hoa dai PD thdy rdng gia :i cong suat thiét Idp theo AR tang ti 1é véi céng suét
thyc cta 16 do bdng may KSPV-4, song mic céng suat thiét 1ap nay chua phu hgp
vdi cdng sudt chi thi cla dai PD. Diéu nay xay ra do cdng suat thiét 1ap theo AR
theo dai PD I6n hon céng sudt thyc ¢d 10 lan. Vi vdy cin chudn cdng sudt thiét lap
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theo AR trong dai ED cho pht hgp vdi céng suét chi thi, tic l& phu hgp véi céng
suét thyc cla 16.

Pua 16 1én t8i han dat muc cong suidt 0,05% theo dai PD. Dat cong suét
thiét lap theo AR = 1% theo dai PD thi cong suét 16 tdng va dudc gilr & muc 0,1 %
theo dai PD. Chuyén céng suat thiét lap theo AR lén 5% thi cong suét 16 tidng va
dugc gilr 6 muc 0,5% theo dai PD. Nhu vay hién tai cdng suét 16 1a 0,5%. Chuyén
tin hiéu diéu khién cong sudt tu dai PD sang dai ED, tic 1a dung tin hiéu tIr budng
ion hda dai ED dé so sanh vdi cong sudt thiét lap theo AR. Diéu chinh hé s
khuyéch dai cla cac sd dd khuyéch dai clta cac budng ion hoa dai ED sao cho
cbng suét chl thi dai ED bang 0,5%, khi d6 nhan dugc céng sudt trung binh cla dai
ED 1a 0,32%. Khi chuyén céng suét thiét lap vé dai ED cing dat tai gid tri céng
sudt theo AR bing 0,5%.

Sau khi chudn cédc cong sudt chi thi ED va PD trung véi cong sudt thiét lap
theo AR, bit dau ting cong sudt thiét lap theo AR va nhén dugc cac muc cdng
sudt id nhu sau (Bang 1.2)

Bang 1.2. Cac muc céng sudt i6

CONG SUAT .
AR (%) TB (%) ED1 (%) ED2 (%) | EDS3 (%) | 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 91 50
20 19,9 19,4 23,7 18,3 100

Nhu vay c6ng sudt 16 dat 100 KW theo chi thi cia dai ED va céng suat nay
dudc gilf nhd hé théng diéu khién ty déng AR. Vi trl cac thanh diéu khién khi 0 &
muc cdng sudt 100KW la KC1 = 457 mm, KC2 = 426 mm , KC3 = 457 mm , KC4
=468 mm, AR = 305 mm.

Tinh céng sudt nhiét cla 16 khi 16 1am viéc & muc céng sudt 100KW. Hinh 1
trinh bay cac diém do nhiét do trong bé 16 va hé thdng nudc tai nhiét. Céng suat
nhiét dugc tinh nhu sau. DG6i vdi vong 1 ding nhiét dé nudc I6i vao Tv va nhiét dé
nudc I16i ra Tr cGa binh trao ddi nhiét dé tinh céng suat nhiét clia vong 1 theo céng
thuc

P1 = 1,16 x G1 x (Tv-Tr} (KW) (1-1)
trong 86 G1 14 luu lugng nudc vong 1, m3/h. BSi vai vong 2 ta cling c6 cong thic
tinh cdng suat nhiét la

P2 = 1,16 x G2 x (Ur-Uv) (KW) (1-2)
trong dé G2 la luu lugng nudc vong 2, m3/h con Uv va Ur la nhiét dé nudc I6i vao
va I6i ra cGa binh trao déi nhiét & vong 2. Sau day la cac sé liéu do dugc va tinh
toan theo cac céng thuc (1-1) va (1-2). Trong thyc té khéng do Tv va Tr ma do tryc
ti€p DT = Tv - Tr (Bang 1.3).
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Bang 1.3. Céng suat nhiét cua lo.

Théi diém DT G1 P1 Uv Ur G2 P2
oC m3/h kW oC oC m3/h 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 80,7.| 13,0 13,7 91 73,9

Theo bang 1.3, cdng sudt nhiét cla nudc vong 1 va vong 2 tdng dan theo
thdi gian va dat P1 = 90,7 kW , P2 = 84,4KW. Do sai s6 do nhiét d vao cd 0,5°C
nén cac gia tri cdng sudt tinh trén cé sai s I6n cd 30% d&i véi P1 va 50% dodi vdi
P2. Mat khac do ché dé nhiét trong 10 chua 8n dinh nén cé thé cong suit nhiét
chua dat gia tri can bang.

- Ngay 8/2/1984 - Dua 16 |én dén céng suat 300 KW. Bua 10 Ién tdi han va
dua l1én coéng sudt 200KW (P AR = 40% , ED1 = 37,8%, ED2 = 46 %,
ED3 = 36 %, P TB = 39,5 % ). Vi tri cac thanh diéu khién la 4KC = 445 mm,
AR = 325 mm.

Sau 30 phut cac théng s6 nhiét 1a

G1 49,3 m3/h, Tv-Tr 1,880C , Pt 107,656 KW
G2 = 942 m3/h, Ur-Uv = 0,80C , P2 = 87,4 KW

[
i
n

Pua céng suat Ién 300 KW (P AR = 60 % , ED1 = 58 % , ED2 = 70,5 % ,
ED3 = 55,1 %) Vi tri cac thanh diéu khiénla 4KC = 448 mm , AR = 175 mm.

Céng suat nhiét cla cac vong tuan hoan tang theo thdi gian nhu trén bang
1.4.

T bang 1.4 thay radng cong sudt nhiét vong 1 dat gia tri 300KW con céng
suat nhiét vong 2 thip hon dat 253KW.
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Bang 1.4. Cong sudt nhiét tdng theo thdi gian.

Thgi diém OT G1 P1 Ur-Uv @2 P2
oC m3/h kW oC m3/h kW
11h20 2,7 48,3 151 1.0 94.5 110
11h5%0 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 85,0 187
13h50 4,70 49,5 270 1.8 85,0 198
14h20 4,82 49,2 275 1,8 95,0 198
14h46 Lo bi dap, sau dé 1én lai cdng suat 300KW Ildc 15h
15h15 3,83 49,4 1.8 1.8 98,0 198
16h00 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

17hR30 5,08 50,6 2,3 2,3 85,0 253

- Ngdy 9/2/1984 - Bua 10 lén céng sudt S00KW. Kiém tra hé théng dap 10
theo tin hieu AZ.

Pua 16 1én tdi han va dat céng suat 20KW (P AR = 4 %). Dap 16 bang cach
bam nut AZ, cac thanh AZ , KC va AR rdi xuéng tan cung.

Pua ld 1&n céng sudt 300kW (P AR = 60%). Bat muc sy ¢cd theo cdng suét
la 70% . Dap 16 theo tin hiéu gidm luu lugng nudc vong 1. Tat ca céc thanh diéu
khién déu rgi xuéng tan cing.

Bua 16 1&n cong suit 400KW (P AR = 80 % ). Dua tiép 1&n S500kW ( P AR =
99,9%). Bat muc sy cd theo céng sudt 1a 110% . Dap 16 theo tin hiéu vugt miic
céng sudt. TAt ca cac thanh diéu khién déu rai xudng tan cung.

- Ngay 10/2/1984 - Dua céng suit 1&n S00KW va xac dinh cdng suét nhiét
clia vong 1 va vong 2. Cong suat 500 KW dat Iic 10h10 (Bang 1.5).

- Ngay 11/2/1984 - Lic 19h06 cho 16 bat dau hoat déng & céng sudt danh
dinh 500KW va kéo dai trong 72 gid lién cho dén 19h06 ngay 14/2/1984. Céng
sudt nhiét dugc tinh theo cac gia tri do dugc cla cac théng sé nhiét ky thuat vong
1 va vong 2.
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Bang 1.5. Céng suat nhiét tdng theo thdi gian.

Thdi diém DT G1 P1 Ur-Uv G2 P2
oC m3/h kW oC m3/h kW

10h20 5,16 50 299 2,2 83,5 239
10h50 7,00 49 8 404 3,0 94,0 327
11h20 7,45 49,4 427 3,1 94,0 338
11h50 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 8,20 495 471 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 83,0 390
16h30 9,20 50,0 534 3,7 93,5 401
17h00 9,15 495 525 3,7 93,5 401

Chu y : lic 14h00 bat cac quat 1-1 va 1-2 & thap lam ngudi.

Cong suét nhiét vong 1 ting dan va dat S00KW luc 20h30 ngay 11/2/1984.
Sau d6 tang dén 550KW Iic 2h00 ngay 12/2/1984, lic bdy gid Tv-Tr = 9,50C . Sau
dé"hiéu nhiét do nay tdng 1én dén 10°C (13h36), céng suit dat 580 KW. Luc
8h40 ngay 12/2/1984 (gid thur 14 ké tu thdi diém ban dau) giam coéng sudt xudng
con 80%, tuc con 520 KW.

- Ngay 13/2/1984- Luc 6h00 sang tién hanh do nhiét 46 véng 1 Tv va Tr
riéng biét dé tinh hiéu Tv-Tr va so sanh vdi két qua do DT tryc tiép. Thay rang Tv-
Tr = 28,76 - 22,57 = 6,19 OC thdp hon nhiéu so véi gia tri do tryc tiép DT = 9 °C.
Nhu'vay céng suat thyc té ung véi DT= 6,19 °C 1a 360 KW, chi dat 72%cdng suét
danh dinh. Do d6 can phai ting céng sudt 16 1én dén cong sudt danh dinh. Mudén
'vay, luc 18h21 ngay 13/2/1984 dua lai cong sudt thiét 1ap P AR = 99,9 %. Luc .
14h25 (gid thi 43 ké tU thoi diém ban dau) diéu khién cong suat theo ED1 con cac
muc chi thi cong suét clia ED2 va ED3 dat lai la 70%. Luc 14h30 dat iai cdng suét
thiét lap P AR = 70% va diéu khién coéng sudt theo ED2 (lic dé6 ED2 = 70%),
chuyén ED1 chi thi 70%. Nhu vay céng suat méi 70% Ung vdi cong suat ci 100%.
Sau do'tang dan muc céng sudt thiét lap P AR 1én 80%, 90% roi 99,9% luc 17h06
(gio thu 47). Céng suat 16 dat mic 100% danh dinh , so véi trudc khi diéu chinh
tdng 100/70 = 1,43 l1an. Sau khi diéu chinh, tiép tuc theo ddi cdng suat clia hé vong
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1 bdng cach do nhiét dé riéng biét Tv va Tr. Két qua cho thdy hiéu sé Tv-Tr dao
déng trong khoang 8,7 ©C dén 9,3 ©C, nghia l& cdng suat dao déng trong khoang
505 KW dén 540 KW. Cdng suat tinh theo vong 2 dao déng trong khoang 470 KW
dén 522 kW do hiéu sd nhiét dé Ur-Uv dao déng trong khoang 4,5 °C dén 5 °C.

Nhu vay, sau dot chay [0 72 gid lién cdng suat 10 dugc chudn lai dé cong
sudt chi thi trén ban didu khién, cdng suat thiét lap theo AR va cdéng suat nhiét
tring nhau.

H. CAC THONG SO CONG NGHE VA AN TOAN BUC XA
2.1. Nhiét d6 nudc trong bé 16 va cac vong 1, 2

Trén hinh 1 trinh bay sd dé tai nhiét va cac diém do nhiét dé. Nhiét do 16i
vao va I8i ra binh trao ddi nhiét cla cac vong nudc tuan hoan dugc do bidng cac
nhiét ké dién trd TCM-5071 con nhiét do tai cac diém trong bé 16 t& T1 dén T5 do
nhd céc nhiét ké dién trd TCP-5076. Cac gia tri nhiét dd dugc xac dinh trong dot
72 gid lam viéc lién tyc & cdng sudt 500 KW. Nhiét dé tai cac diém do thay déi
theo nhiét d6 mdi trudng, thudng cao vao ban ngay. Sau day la cac dai nhiét dé do
dugc .

Nhiét d6 16i vao vung hoat T1 = 27 - 30°C

Nhiét do 18i ra vang hoat T2 39 - 410C

Nhiét 46 & phan trén bé 16 T5 = 34 - 36 °C

Nhiét 44 & phan gitabé 16 T3 = T4 = 26-280°C

Nhiét d6 nudc vong 1 18i vao binh trao d8i nhiét Tv = 34 - 37 9C

Nhiét dé nudc vong 1 idi ra binh trao ddi nhiétTr = 25 - 28 0C

Hiéu sé nhiét dé vdng 1 = 8,7 - 9,3 °C

Nhiét d6 nudc vong 2 18i vao binh trao déi nhiét Uv = 16,5 - 20 °C

Nhiét d6 nudc vong 2 i8i ra binh trao déi nhiét Ur = 21,5 - 24,5 0C

Hiéu sé nhiét dé vong 2 =4,5-50C

2.2. Cdc théng sé cla nudc vong 1

Dé dan dién riéng trudc phin loc 0,33 - 0,71 micro Siemen/cm.
Dé dan dién riéngsau phin loc 0,24 - 0,45 micro Siemen/cm.
D6 pH cua nudc vong 1 trudc va sau phin loc 5,5 - 6,2.

Luu lugng nudc trong hé théng loc mudc vong 1 1a 2 - 2,2 m3/h.

2.3. Tinh hinh phdng xa
Tinh hinh phdong xa gamma va ndtron trong gian nha 10 dugc do trong thai

gian 16 lam viéc 72 gi¢. Sau day la cdc muc liéu gamma, mat do théng lugng notron
nhiét va notron trén nhiét tai mét sé vi tri (Bang 2.1).
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Bang 2.1. Cac muc lidu gamma, mat dé thong lugng notron nhiét va notron
trén nhiét tai mot s vi tri

Suét lieu Gamma | Mat dé théng Ilugng, n/cm2.s

Vitri do (micro R/s) Nhiét Trén nhiét
Gan thanh bétdéng bao vé 0,08 -0,24 0,05 - 1,538 0,05-3,50
Trén bé chia nhién liéu 0,1 - 0,32
Trén nap 1o 0,03 -0,3 0,05 - 0,2 0,05-13
Tai 16 & tam nap 1o 8
Sat mat nudc ¢ tam nap 10 25 26 6,9
Trong phong 148 0,1 - 1,2
Sat cot trao déi ion 400
Trong phong diéu khién 0,01 - 0,04

Hoat @6 phdng xa beta téng clia can nudc 6 do 2 gid sau khi ldy mau nudc
6 1a (3,5 - 6,5) E-7 Cill.

Thanh phan déng vi cla nudc 16 tai thdi diém Idy mau thé hién trén bang
2.2.

Bang 2.2. Thanh phan dong vi clia nudc io tai thai diém 14y mau.

Hoat d6 , micro Ci/l

Dong vi Trudc phin loc Sau phin loc
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 - 44 1,8 - 3

Xe - 135 - (56 - 13) E-3

Hoat dé phong xa cla khi phéng xa Ar-41 tai 6ng thai khi la (2,5 - 4,2) E-2 -
Ci/h.
Téng hoat do beta cua khi thdi tu éng xa la 1,1E-8 Ci/h hay 3,5 E-15 Ci/l.

Trong thai ky khdi dong vat ly va khdi déng ndng lugng da kiém tra liéu ca

nhan cho 44 ngudi trong thdi gian 3,5 thang. Liéu hap thu phan bd theo nhém
ngudi nhu trén bang 2.3.

91



Bang 2.3. Liéu hap thu phan bd theo nhém ngudi.

Liéu hap thu, mR 0-20 |20 -40 | 40 - 60 | 60 - 80 | 80-100

S6 ngudi 6 12 16 7 3

. MAT DO THONG LUQGNG NGTRON

Trong bao cdo khdi déng véat ly 16 phan 2 da trinh bay phan bé tudng déi cla
mat dé théng lugng natron nhiét theo chiéu cao va theo ban kinh ving hoat. Trong
bang 3-1 trinh bay cac két qua do mat dé théng lugng ndtron nhiét va natron nhanh
tai mot s6 vi tri do véi cdc muc cdng suét khac nhau cung vdi hé s Cadmi Red va
loai detects dung.

Mat dé thédng lugng notron nhiét tai bay notron & cdng suat 500 KW ia 2,1
E13 n/cm2.s.

IV. HE SO NHIET O CUA B3 PHAN UNG

Hé s nhiét dé6 cua dé phan Ung dugc xac dinh ngdy 21/1/1984 trong thdi
gian khdi dong vat ly. Cac két qua dugc viét trong bao cdo nay dé thuan tién cho
viéc trinh bay hiéu chinh cac phép do d6 nhiém ddc xénén.

Trudc khi tién hanh thi nghiém, nang nhiét 46 nudc trong bé 6 tg 209C 1én
30°C bdng cach cho chay bom véng 1 khodng 20 gid va khdong cho chay bdm
vong 2. Nang lugng sinh ra trong phan thiy ddéng cia bom, c¢d 10KW, dugc bién
thanh nhiét ning va theo hé thdng nudc véng 1 1am ndng nudc 16.

Dé do hé sb nhiét do, dua 6 1én trang thai tdi han & muc cong suit ¢d 7,9
E-3 %N = 40 W. Sau dé cho hoat ddng bom vong 2 dé ha nhiét dé trong bé 0. Xac
dinh thay déi nhiét dé T1 clGa I6i vao ving hoat theo vi tri thanh AR. Bang 4.1 day
trinh bay cdc két qua do va dd phan Ung dua trén dic trung tich phan cla thanh
AR.

Hinh 2 trinh bay sy phy thudc dé phan Ung vaod nhiét dé T1 . Sy phuy thudc
nay cé dang tuyén tinh

p=al + b (4.1)
trong dé a 1a hé s6 nhiét dé cla dé phang dng.

T hinh 2 tinh dugc hé sd nhiét d6 cia do phan Ung bang

a = -8E-3 $/°C
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Bang 3-1: Mat d6 thong iugng ndtron tai cac vi trf trong I0

Vitri do Théng lugng, n/cm2.s Red Coéng suét | Detects | Ngay do
Nhiét Nhanh W ()
Bay ndtron | 8,18 E7 3.6 2 Au 26/12/83
2,3 ES8 2,6 10 Au 17/1/84
2 E9 2,5 100 Au 19/1/84
1,48 EB8 100 S 25/1/84
419 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
Kénh s6 3 1,22 E7 6,7 10 Au 17/1/84
1.6 ES8 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 EB8 két qua do trén may PSO-2-4)
Kénh sé 1 2,77 E10 | 2,9 E8 4,27 15350 Au/S 6/2/84
43 15350 Cu 6/2/84
Kénh sé 2 1,26 E10 | 5,25 E7 6,6 15350 Au/S 6/2/84
(1,5 E8 két qua do trén may PSO-2-4)
82 15350 Cu 6/2/84
Kénh sé 4 7,14 E10 | 1,88 ES 2,2 15350 Au/S 6/2/84
' (1,135 E10 két qua do trén may PSO-2-4)
15 15350 Cu 6/2/84
Kénh 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
Kénh 13-2 1,21 EQ 2,9 100 Au 19/1/84
Mam quay | 3,58 E9 3,4 1000 Au 21/1/84
9,76 10 | 2,98 E9 4,6 20000 AuU/S 9/2/84
Coét nhiét 1,98E9 1,15 E6 29,6 15350 Au/S 6/2/84
(3,5 EB6 két qua do trén may PSO-2-4)
250 15350 Cu 6/2/84
Cét nhiét, | 2,63 E8 2,37 E8 500000 Mn/In 11/2/84
hop Cd
day 1mm

(*) Gia trj cédng sudt cho & day chua dugc chuén lai, xem phan 1.2
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Bang 4.1. Cac théng sé khi do hé sé nhiét §4.

Thdi diém T1,°C AR, mm D6 phan ung, $
9h32 30,0 203 0,102
9h36 cho chay bdm vong 2
9h41 27.8 225 0,120
9h46 26,2 238 0,134
Sh51 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- DO NHIEM DOC XENON

Trong qua trinh lam viéc cla |6 phan Ung, Xe-135 dugc sinh ra tif sdn pham
phan hach, né hap thy manh notron nhiét va do dé dua vao dé phan tng am. Dé
giulo lam viéc & muc cong sudt cd dinh can phai rit cac thanh diéu khién lén dé
bu trir 46 phan Ung am nay.

TU hé phudng trinh vi phan mé td qua trinh déng hoc cta hiéu Ung nhiém
déc Xénoén suy ra biéu thuc sau ddy cla ndng dé hat nhan Xe theo thdi gian va
théng lugng ndtron trung binh ¢ .

X(t) =exp A @ 1 Ipx Tyt ¢ +p Zyfe (1- exp(-x 1) +
+ loh) exp(-A11)] exp ( A " ()t )dt + X5} (5.1)
trong d6 Xq va Iy la ndéng @6 hat nhan Xe va 16t 8 théi diém ban dau; hang sé phan
ra tuong duong

Ax"(9) = Ay + oy b (5.2)

D6 nhiém déc Xéndén phy thudc vao thdi gian lam viéc cta 16 va mat dd
théng lugng notron trung binh nhu sau:

oy X ()
L I = -py N(1) (5.3)
2y
V6i d6 nhiém ddc Xe can bang
Zu f oxo
POx = PO($) =-f . (py+p| ) -ommmmmms mmmmeeeeeee (5.4)
Zy Ax T(9)
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Céc s6 lidu hat nhdn sl dung trong cdc biéu thuc trén nhu sau:

p; =0,056
P, =0,003
Ay = 2,8E-5/sec = 0,1008/h,
¢ =2,09E-5/sec = 0,0752/h,
oy =2,75E6 barn (d nhiét dé cta vung hoat)
suf /5, = 0,85 déi vai U-235 36%.
f = 0,853 ( hé s sU dung ndtron nhiét)
I = x.1E12n/cm2.s

Trong trudng hgp néng dé Xe va I6t & thdi diém ban ddu bing khéng va Vi
gia thiét thédng lugng ¢ trong (5.1) khdng phu thudc t, tich phan (5.1) cho biéu thuc
don gian sau day cua ham N (t) trong (5.3)

N () = {1-exp[-Ay (o) t1}- P kido) {exp(-Ait) - exp[-Ax™(¢o) t 1} (5.5a)
trong do

p=p1/(P1 4+ Px)
k=k(dg) = Ax "(d) / [Ax “(d) - ]

Trong trudng hgp néng dé Xe va 16t & thdi diém ban dau khac khéng, ham
N(t) dugc cho bdi :

N@) = [1-e-2x ()4

- bo
+p K(p)[ - (1-eMito)-1][e Mit-eAT(d) Y +

- pk(bg) (e Mo - e d x(#,) t )] e-Ax (9, (5.5b)

vdi t tinh tu thdi diém tq khi thay déi théng lugng notron tit ¢q 18n ¢1  va Xg va lg
la néng d6 Xe va 16t § thai diém t,.

o] Zuf o
g = eeeeemmerereeee (1-e Mo) (5.62)
Al
(Pr +Px) Zuf Po
X = creeeeeeeseseseseeanes (1-e ';“x'(“’o) to) -
M a(8,)
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(5.6b)

Thi nghiém xac dinh dudng cong thay d8i 46 nhiém déc Xéndn va tu dé tinh
dé nhiém ddc Xénédn can bang dugc tién hanh trong dgt 10 hoat déng 72 gid ¢ cbng
sudt danh dinh. Viéc xac dinh dé nhiém déc Xénén dugc tién hanh bang phuong
phép bl tru.

Trong thdi gian 16 hoat dong, ngoai d6 phan Ung &m do dd nhiém déc
Xéndn cac hiéu ung khac nhu nhiém déc samari, hiéu Ung tdng nhiét d6 cing dua
vao do phan ung am. Do dé sy thay ddi téng cdng cla dd phan Ung la:

p = Px + Ps + PT (5.7)

tU d6 xédc dinh dugc d6é phan Ung do nhiém déc xénén.
Do phan ung pt do hiéu Ung nhiét 46 bang
_ pT = a( T - Tgo) (5.8)
trong dé a=-8E-3%/C,
To va T la nhiét d6 ban dau va nhiét d6 dang do.

D6 phan ung pg dugc tinh theo biéu thic sau :

Gsbo
pstt) = pg0[(1- e Tshol ) 4 -ommmmeenes (edpt - e Cshot )
}\ p - Gs¢o
. \
pSO =-f Pp ......
Zy

cac hdng sd s dung trong biéu thic trén nhu sau:
F’p = 0,011, og = 5E4 barn kp = 4,1E-6/sec.
Suy ra dé nhiém ddc samari can béng:
ps® = -81E-3 =-18%.

Bang 5.1 trinh bay cac két qua d6 do nhiém ddc xéndn theo thai gian trong
dot 1am viéc 72 gid to 11/1/1984 dén 14/2/1984. C6t dau cho thdi gian 10 ¢ cdng
sudt, cot 2 cong suat 16. O day cé sy thay déi lai gia tri cong suat 16 so vdi gia tri
ghi trong nhat ky van hanh 16. Trong nhat ky, vao luc 19h06 16 dat cong suéat
100%, dén gid thir 14 chuyén xudng 90%, dén gid thir 43 chuyén 1én lai 100% va
vao gid thi 47 nang lén dén 143%. Céng sudt 143% cudbi cung dugc sU dung tu
day vé sau, coi nhu muc 100%, do dé cac muc cong suét trudc day, thuc té thap

87



86

Bang 5.1. Két qua xac dinh dé nhidm doc Xéndn

t P KCH1 KC2 KC3 KC4 AR p T4 PT Pg Px
(h) | (%) | (mm) | (mm) | (mm) | (mm) | (mm) ($) (°C) ($). (3) ) __
1 70 420 420 420 420 450 0.000 252 0.000 0.000 0.000
S 70 335 0.130 31.5 -0.050 -2 E-4 -0.125
10 70 200 0.280 27.2 -0.016 -4 E-4 -0.264
14 63 - - - -

15 63 410 410 410 410 314 0.437 25.8 -0.005 -7 E-4 -0.431
20 63 400 405 400 405 400 0.575 26.4 -0.010 -1 5E-4 -0.564
25 63 - 300 0.695 26.0 -0.006 -0.002 -0.687
30 63 - 250 0.750 24.6 +0.005 -0.003 -0.752
35 63 - - - - 195 0.805 23.0 +0.017 -0.004 -0.818
40 63 390 395 390 395 400 0.904 25.3 0.000 -0.005 -0.899
44 70

45 70 - - 335 0.971 27.3 -0.017 -0.006 -0.948
47 100

S0 100 - - - - 270 -1.039 28.6 -0.027 -0.008 -1.004
55 100 385 385 385 385 400 -1.154 27.8 -0.021 -0.009 -1.124
60 310 -1.259 27.6 -0.019 -0.011 -1.229
65 - - - - 220 -1.354 29.3 -0.033 -0.012 -1.309
70 - 380 375 380 375 357 -1.397 28.5 -0.026 -0.014 -1.357
72 - 349 -1.402 27.5 -0.018 -0.015 -1.369




hon 100%. Cuy thé la trong khoang thdi gian t dau dén gid thir 14, cdng suét 16 1&
70%, tit gid thit 14 dén gid thit 44, cong suat la 63% , tU gid thir 44 dén gid thu 47
cdng suat l1a 70% va gid thi 47 tré di cong sudt la 100%. Trén cac cét tiép theo ghi
vi tri cac thanh KC va AR . Dé tinh do phan Ung tdng céng p ta sif dung cac dudng
cong dac trung tich phan clia céc thanh KC va AR trong bao cdo phan 2 va hé s6
giao thoa gilta cac thanh KC la 0,88. Qui uéc p = 0 tai gid thi nhat dé tinh p &
thdi gian tiép theo. Do phan ung pT dudc tinh theo biéu thuc (5.8) vdi nhiét dd
16i vao vung hoat T1. B4 phan (ng &m do nhiém déc Samari dugc tinh theo biéu
thirc (5.9). Cot cudi cung cla bang 5.1 1a d6 phan ung do dd nhiém ddc xénén
dugc tinh theo biéu thuc (5.7)

K&t qua xac dinh dé nhiém dbéc xéndn dugce trinh bay trén hinh 3. Ta thay
rdng trong 47 gid dau, dé nhiém déc xéndén tang dan theo thdi gian. TU gid thu 47,
cdng suat 16 tAng tir 70% 1én 100%, d6 nhiém ddc xéndn tiép tuc tdng ma chua dat
dén trang thai can bang.

Ta hay tinh dudng cong nhiém ddc xéndn theo biéu thic (5.3) va (5.5) va so
sanh vdi dudng cong thyc nghiém. Tu do, cé thé xac dinh dugc mat dd théng lugng
ndtron trung binh trong vung hoat (ng véi dd nhiém déc xénén do dugc.

Ta chl y rang céng thic (5.5a) dung trong trudng hgp néng do 16t va Xéndn
& thdi diém ban dau béng 0. Do dé cong thic nay dung véi phan dudng cong tU
dau dén thdi diém 47 gid. Trong khoang thdi gian nay méat dé théng lugng notron la
do Ung vdi cong sudt 63%. TU thdi diém ty = 47 gid tr§ di cong sudt tang I1én
100%, do d6 méat 46 théng lugng notron la ¢4 = 1,59.9, . Khi dé

ox o = 0,0099.x/h oy 1 = 0,0157 x/h
Ax (0o ) = (0,0752 + 0,0099.x)/h Ay *(d1) = (0,0752 +0,0157.x)/h

Tién hanh tinh cac biéu thuc (5.5a) trong khoang thai gian tu 0 dén 47 gid
(5.5b) tir 47 gid dén 72 gid véi mdt sé gid tri cua x , xac dinh dugc giad tri x = 1,9
cho két qua tinh toan phu hgp v8i cac diém thyc nghiém, xem dudng cong Vé trén
hinh 3. M4t dé théng lugng notron trung binh trong ving hoat Ung véi cong suat
danh dinh la:
¢4 =1,59x. 1E12 n/ecm2.s = 3E12n/cm2.s .

V@i gia tri nay, suy ra do nhiém ddc xénén can bang la:

py O(¢4) = - 0,01214 = -15%
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V1. KET LUAN

Trong dgt khdi déng nang lugng da dua cdng sudt 16 1én dan dan va dat
muc coéng suit danh dinh 500 KW. Céng suat 16 dugc chuidn theo cong suat nhiét
ctia hé thong nudc vong 1 va 2. O muc céng suit danh dinh, mat dé théng lugng
notron nhiét dat gia tri cao nhat la 2,1 E13 n/cm2.s tai by notron.

Lo phan Ung da hoat déng lién tuc & muc cong sudt danh dinh trong 72 gid.
Trong dgt chay 16 nay da khao sat cac théng sé céng nghé 6 nhu nhiét do tai cac
vi tri trong bé 16, nhiét dd nudc vong 1 va vong 2, cac théng sé nudc bé 16. Ddng
thai cling khao sat tinh hinh phdng xa tai cac noi lam viéc, d phéng xa cua nuéc 16
vé khi thai. Néi chung, cac théng sé ndm trong gi6i han cho phép 16 hoat déng an
toan.

Két qua khdi ddng vat ly va khdi déng nang luong cho két luan rang L6 phan
Ung hat nhan Ba Lat cé thé dudc khai thac an toan § céng sudt danh dinh 500KW.
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PRELIMINARY EXPERIMENTS PERFORMED ON THE
NEWLY RECONSTRUCTED 500 KW NUCLEAR
RESEARCH REACTOR OF BALAT

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 tiine. 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
ined with beryllium. |
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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
{s 10 Besf while the total reactivity worth of the shim rods is 12 Beff.

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

2.1 x 1012n/ cmz. 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:

92 15 x 1078w/ Oc

dT

Howe(xer, 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 ( — 110”8 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 ~v0.5 Beff

IZI. SPATIAL AND ENERGY DISTRIBUTION
OF NEUTRON rrLux

The neutron flux and energy spectrum are determined by the
use of detector foils Dy, Au, Lu, Mn, Co, Cu, Al etc. together with a

gamma spectrometer using HP Ge detector. The experiments are usually
carried out at a reactor power of S0Kw. The corresponding maximum

neutron flux at the center of the neutron trap is obtained as 2.1.10 12n/
cm 2s. The coefficient of non-uniformity in flux distribution ¢max/¢
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 K Dalat Reactor

Fuel element type
Uranium enrichment

Colc,clean critical loading
Uranium

Bervllium

Operational loading

Active core volume
Excess reactivity
Maximum thermal neutron flux

Number of control rods
safety

shim

Reculating

Total reactivitv worth
of shim rods

Reactivitv worth of
requlating rod

Temperature coefficient
of reactivity(associated
with the coolant-moderator)

Primary coolina system
Flow area of active core
Heat transfer surface
Average heat flux
Maximum heat £lux
Inlet coolant temp.

VVR-M2
36% U-235

72 elements
2.781 Kg U-235
26.25 Kg

92 elements

3.695 Kg U-235

64.9 1

10 Bgp
2,1.1013 n/cm?s

DN

12 B¢z

O.SBeff

-2

550 cm?
22 m?

2,3 W/cm?
5,2 W/cm?
28°C

Ixit coolant temp. (Average) 50°C

Coolant mass flow
Mass flow rate in
primary circuit

Secondary cooling system
Mass fiow rate
:leat exchanger inlet temp.
Heat crchanger exit temp.

22,300 Kg/h

50,000 Kg/h

90,000 Xg/n
19°C

24°C
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Fig. 3 The power level, as a function of time, achieved
when the excess reactivity is suddenly inserted.

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

& (g/x

E -E/XT

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

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

T = X TO (2)

then the coefficient o can have the value 1,08 for the active core. The
values for parameter ¢ are 0,03; 0,02 and 0,10 corresponding to the
néutron trap, graphite reflector and active core. '
The results obtained as reported in this part are currently used
for the evaluation of possibilitics 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 microdefects of the fuel element
cladding.

TABLE 2.
Specific Activity of radionuclides in primary loop water after
a 72-h continaus operation of reactor at SOCKW

Radio— T4 Activitwv
nuclide (Ci/1)
2801 2.25 m “6.1077
27Mg 9.46 m 5.107°
24a 15.00 h 5.107/
> 2.53 h 1.5.1077
>Ter 27.7 4 1.107°
1874 .23.3 h 1.107°
3By 37.18 m 1.107
Yar 1.83 1 2.107°
135 9.17 h 2.107°
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ABSETRACT

The neutron spectra in differxent irradiativ: positions in the rewly
reconstructed 509kW nuclear research reactor of Dalat,Vietnam,have been
measured.The results obtained are used for evaluating the advantages

of each irradiation position in activation analysis and for the absolute
detemineation of the concentration of elements through the ko—sta:.dardiza-

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

the results show the high performance of the newly reconstructed reector.
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I. Intioducrion:

The newly reconstructed 500xkW nuclecar rveserach reactor of Dajat.brought
to its nominal operating power in February 1984,1s unizue ot its kind ir the
weri YA s Sov o desiagned core and control system harmoniously instasllvd in the
»
lenlfn-over infrastructure of the old American made 2S50KkW TRIGA MARK-IT rmactor
The undismountable components of the f{ormer reactor,such as éhe rcasclnr tank
and eoncretrs shielding,the graphite reflector,the heam tubes and tirrmal co-

Tumn are - b retained,wnile new design work has been carrvied outl or such

now components and systems as the reactor core using Soviet fuel ~lomenrs
TYEPSM2 ,the onrnpel system, the cooling system and the whole radio-prooclicn
el satety cvseems of the nuclear centor.The {former Luik shizldine tank nhas

heon reconstiucted into a sktorage tank Jor burnt-upr ruei 2lements.

I1. vome: Tuandamental characteristics of the receonstructed reoror:

. . ; . . . 235
The Tuel olement YWR=-M2 15 made of wraniom~aluminium alloy with 36 U
cnrichment . it consists of three coaxial tubes with the thickress o' . .5mm ax

shewn in Mg, oThe core configuration is presented in Jig.2.Seven it cells

in rhe centeyr of rhe scere are occupled by a water-berylium nentron irzp,which

e ol
hag tnside diameter AS5mm.The wall ¢f the neutron trap is made of Lerwvliom, The
traion netween the fuel element part of the core and the old grapnite reflector
itz olso lined with berylium.The reactor control system consists of O satety and

4 shim cods of horon carbideyl styainless-stecl regulating red.For thi core loa-
ding of 92 fuel element:s the excess rceactivitv is 10 ?pfr,while the reactivity
worth of each safety and shim-rod is j.ﬁeff'

The core cooling mechanism is basically natural convection as 1 the for-
mer TRIGA reactor ,but the driving effect is enhanced by a 2-meter 1ony sucking
tube placed directly above the core.The whole core-sucking tube ascemi-ly 15 su§-
iendad from the teps of the reactor tank(tig.3).Due to the large hear rransferv

rFace of the vwit-s? fue]l element the average heat flux in the corie is rather

Fow as compare<d tea the former TRIGA reactor.The heat transfer wnd hydiaulic pa -

rameters o the reconat ractad reactor are given in Table 1,

Teperimental ne? PJY“n!nLioﬁal works are in progress in o arder o investi-
Jate anodnterestina and important probies;whether the nominal power of the nuew
reeacror may beoupiradid to more than 50CKkW without sianificant chanae tn the
cONSLINerLon crdd reacrar componaents.,

atial and enenrgy distribution of

The reurren Vinx and enerqgy spectrum aroe

fexile DV, AW, LM, Cu, Co L, Tn W, AT (for thermal and epithermal neutrons)and In,s,

EoL o, Bh, AT (Par fast nentrons) ~The activated (oils are mesrsured on ti? gam-
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Fig. 1 Cross section of the fuel element
( Unitin mm)

Fig. 2 Reactor core arrangement

1. Fuel element ; 2. Beryliium reflector 3. Neutron
trap. 4 Wetchannel ; 5. Pneumatic transfer tube
6. Safetyrod; 7. Shimrod; 8. Regulating rod ;
9. Graphite reflector ; Cell 1-1 : The first cell of the
core, cell i-j denotes the cell at ith row and j‘h column.
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ma spectvemeter vsing PGe detector. The maximum thermal neuvtron [luax at the
. 13 2 .. .
center of the neutron trap is 2.1x10° n/cm”.s.The coefficient of non-unifor-

mity in flux distribution is:

¢ max.
e = ) R4 radially,and

¢

AVe |,

= 1.24 axially({as measured along the neutror. trap
aAxiR)

Tive (lux distribulion in the neutron trap has been measured in detail
in order to investigate the possibility of using irradiation chann~l for neu-
Lron doeriag in silicon.The results show that the f]ux"ﬁxkformity of +5% is
abserved in the tegion of Scm in diamcter and 20cm in height around rthe cen-
ter of the nentron trap. - '

The measured thermal avd epithermal neutron spectra were fitied on the

Ny :

weil-known formuia®

(7‘)(f) ¢ ¥ A (F/kT)
= — e +
whie-re: E - n.outron enargy,

T - effective neutron temperature,

A(IT,«’):'I‘) - junction function. ' l.

The offective necutron temperaturce is measured by using a non- : Lu-de~
tector.Th~ calibration experiment has been done by irradiating the Au and Lu
foits in thermal column,where the effective neutron temperature is obviously
equal 1o the remperature of qraphite()noox at 500kW) .

The rarameters ¢ . and of are determined by irradiation of Cd-covered
ressonance Jetectors.In this case the rcaction rate per nucleus of the irradia
ted i oo be calenlated by using the for.-mula',z'/:

n = ¢‘e]“. .Io(o( ) 'FCd , (27
whe o ¥ ‘sothe opitheimal neutvon transmission factor tor Cd-fi'ltr::'(ch <1)

ani L o{et ! i the resonance integral modified by the deviation of the epither

mal nentran gpcctram from the — - law:

T -0.4296% 5 0,400
V) o : (o]
I fad) = e s ———— e ()
‘ (1-:R)“‘ 0.55% (20 + 1} ! .
where:s 1 - comventional resonance intearal (o = 0),
O
O - thormal neatron fn,)’) cross-soction,
(4]
- . 2
1’-‘." - olffective esonance energy (eV) ,as deflined and tabulated in Ref

Tn Tatde 2 ave o sented the exporimental values of the neutron spectra

' / ¢ s increaseo

crvametere i tonr typioal drradiation sites.The jporameter ¢

th
irradiation channel(12-2) in the core to the rotary

3
St enet Y fycan e

T a1 b the e Crefloc { Nermi . and
€ AR IRET i the aproahete retfloctor Cdn the thermal column ¢fh » ¢e)\l'

't

POOR QUALITY
ORIQINAL
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Fherefore the epithermal neutron spectrum can be nesle fad i activetion

cechnique.The deviation of the epithemrmal neurron spectrum from the ideal

- law is evident ,especially for the irradiation zhanirel(13-2) .As - be

=i~

seen later,it is very impartant to take into acoount Lais situaticn in the

miltirlement activation analysis.

Table 1

Fus) element type . VVR-MD
Uranium enrichment 361 UJ"
Cold,clean critical loading Uranium : 72 elements 2~ My
. Beryllium 2. 25kg
Operational loading ~ 92 elements, 1 H0%kg HJ.K
Active core volume Ged L9
Fxcess reactivity 10 .
Maximum thermal neutron flux ‘ Z.IKIOl?n/cmz.s
Mumber of control rods 7
Total reactivity worth of ¢him rods 12 gerr
Foactivity worth cf regulating rod ﬂ.5~ﬁ ‘
Temperature coefficient of reactivity nEf -2x‘0_2‘§pff

{associated with the coolant-moderator)

Primary cooling svstem

tleat transfer surface ZRmZ
Inlet coolant temperaturé HHnC
fxit conlant temperature(average) ﬁUOC
Mass flow rate in primary circuit 50,000%:1/1
Sacnndary cooling system
Mass flow rate 90 ,000kqg/h
Heat exchager inlet temperature 19°%
Heat exchanger axit temperatuer Hdoc

Table 2

lon sites(at H0kW) .

!

Tvirical characteristics neutron .spectra in some irradi

Neutron trap Core Rotary Specimen Thevinal column
(nit cell(13-2)) Rark
L2 ; 13 H 1 .9

Sﬁrh(n/cm s) 2. 1x10 4.2x10 3.a2x10 1.5xi0
¢’ K¢ 7.4 25. 00 31574
P on P i 7.5 25.3 1 5

T( K) 323 . 331 310 ino

o -0 N -0.11 -N.02p

TV At bication in At vation Aol i
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The drrodiation Facilities for astivation amalysic at the nuclear re-
serach reactor of Dalat ~—onsist of:
- one neutron trap at ‘the center of the core;
- a pneumatic tronsfer system installed at the perimeter of the core
{unit celti (13-2));

- a rotary specimunlrnck with 40 irradiation positions in the graphite
reflector; .

- an automatic pneumatic transfer system installe< in the thermal co-
lumn for thermal neutrén activation analysis of short-lived isotopes.
A neutron counting unit with six "He-neutron counters is also ccupled
te this system For analysis of uranium by delayed-neutron technigue.

In the near future two auntomatic pheumatic system will be installed,one
1 the core and the ather an one of the harizontal tubes |

The cxperimental results given in Table 2 have peen used to cvaluate the
alvantages of each irradiation sites for different analvtical tasks.

Por this puarrese the sensitivity of activation analysis of varicus ele-
ments hay benn calculated  for different irradiation positions.The results she
that a rathe largevariation in the absolute and relative sensitivities can be
found by changing the positions and conditions of irradiation(withceut and with
Cad cover).tnis can be seern from the exanple of INAA of jold in ores con-
taining antimeny as a major component.In this case the presenée of the very
intensive photopeaks of Sb122 and Sb]24(564kev and 604k=V) in the gamma spec-
trum »f the irradiated sample creates a high Compton background and disturbs
the determination of the 4]12keV photopeak area of Anlgs.lt is shown :that if the
irradiatfcn is carried out in the rotary specimen rack instead of in unit cell
{13-2) one can reduce about 40% the relative activity of both antimony isotpec
with respect to AulgB.The important role of the condition of irradiation can
e demonstrated in activation analysis of uranium in the ores containing rare

. 130 141
earth elements.In this case the interference of the isotopes Ba ,Cer

140 . . . L . .
I.a can be #r 50 times reduced if the sample is irradiated in thc rotary spe.

and

cimen rack wnder ¢ cover.

Another exampde ie the activation analvsis of urariom by irratdiating the
sample in the thermal colum and coennting the delaved neutrons.Altiouuth the
sensicivity in this case i3 not so high(at the ppm leveljcue to the rather low
thermal noutron flux in the thermal column,the interfercnce from thervium can be

completely neglectoed  This situotion is very important when determining the ura-

.

ninm  content Sn monazite sand,where the thorium contert is of some nrders of

non i tude hianer Lhan vranium.
Tne varamet.ve of the reactor nceutron spectra giver in Table 2 are also
voed far absolule determinationsin malticlement al act ivarion analysis through

bo-standardization technique.Gold has been chosen as standoard and the \cn-data

(B
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Are taken trom el 3 A relevrence material with Known concentration of olement
has breen 5nalym~d Lty prove the wodth of application ot the ko~standardization
technique,

[t shonld Le mentioned that very high ecenracy is obtained when using the
x =standardizaticn techaique in thermol neatron activation analysis.In this o

se the accuracy ot rhe experimental results is proctically not affocted by the

crrors of the measured neutron spectra pavameters.This is confirmed by the ex-.

perimeats carricd ot in the tharmal column,

Refevences
l/K.H.Beckurts,K.Wirtz Neutron:Physics Springer Verlag 1964
2/F.De corte et al. J. Radionanal.Chem. 62,(1981) ,209

1/A. Ahmad et al. J.Radioanal.Chem. 72,(1982) ,335.
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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 TRIGA Mark I1 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 TRIGA 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 reactor has three characteristics distinct from
the former TRIGA reactor :

The Dalat nuclear research reactor was reconstructed

from the TRIGA Mark Il reactor built in 1963 with a i. The VVR-M2 fuel elements of uranium-aluminum
nominal power of 250 kW. In 1975 all the fuel alloy have been substituted for the former TRIGA U-
elements of the TRIGA reactor were dismounted and ZrH,, fuel elements. It means that the low inherently
taken away, which effectively caused the reactor to stop safe reactor core took place instead of the high
its operation. Reconstruction of the reactor with a high inherently safe one.
operating power of 500 kW was accomplished with a
Russian technological assistance. The new reactor ii. The introduction of a neutron trap in the center of
reached its planned nominal power of 500 kW for the the core and an additional beryllium reflector beside the
first time in February 1984, old graphite reflector enhances the neutron flux at the
center and makes the neutron field distribution more
The Dalat reactor is unique of its kind in the world : complicated. ‘
The Russian designed core is harmoniously integrated
into the left-over infrastructure of the American-made ili. A delayed photoneutron source induced by the
TRIGA  research  reactor. The undismounted interaction of gamma rays of energy greater than 1.66
components of the former reactor are the reactor tank, MeV on beryllium material may have influence on the
the concrete shielding. the graphite reflector, the beam reactor's kinetic behavior and the reactor operation.
tubes and the thermal column. The new components
consist of the reactor core, the cooling system and the Investigation of the characteristics of the Dalat reactor
reactor control system. The rector core is loaded with is carried out by the determination of the reactor
the Russian-made VVR-M2 fuel elements of uranium- physics parameters. The experimental results were
aluminum alloy. An amount of beryllium material is obtained for the effective fraction of the delayed
placed at the center of the core, forming a neutron trap, photoneutrons, the extraneous neutron source left after
and at the periphery of the core, forming a the reactor is shut down, the lowest power levels of
supplementary reflector. 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 I, 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
eleménts of VVR-M2 type. A fuel element has an
overall height of 86.5 cm including 60 cm  uranium-

£7Z5

L

Fig. 1 Elevation of reactor system
1. Core; 2. Graphite reflector . 3. Extracting well
4. Primary cooling systeem ; 5. Additional shielding

Fig. 2 Reactor core arrangement

1. Fuel element ; 2. Beryllium reflector 3. Neutron
trap, 4. Wet channel ;. 5. Pneumatic transfer tube ,
6. Safetyrod; 7. Shimrod; 8. Regulating rod
9. Graphite reflector ; Cell 1-1 : The first cell of the
core, cell i-j denotes the cell at ith row amdj‘h column.
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aluminum fuel part (36% enriched U235) 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 U233 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 KC; +KCy) 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 y23s
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 U235 fission neutron counts decrease rapidly
and they may be neglected from 5t minute after
reactor shut-down. The delayed photoneutron counts
decrease slowly and remain about 104 = 1077 of the
nominal power during 64 hours. So the photoneutron
source left after reactor shut-down gives the neutron
flux of about (105—.’- 108) n/em?/s during 64 hours. This
extraneous neutron source is used for starting-up the
reactor.

10 20 40 s0 (min.)
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Fig. 3 Time spectrum of the delayed neutrons after
reactor shut - down.
o  Experiment
Fitting curve for 6 fission nutron components
and 10 photoneutron components
- - - - Calculation curve for 6 fission neutron
components



The delayed neutron spectrum is analyzed in 16
comgonents comprising of 6 components of delayed

fission neutrons and 10 photoneutron
components. The total effective fraction of the delayed
neutrons Pegr consists then of two parts: BV,
effective fraction of the delayed fission neutrons, and
BBeeﬂ; effective fraction of the delayed photoneutrons .

A global estimation from the time spectrum gives :

pBe g = (049 0.02) % Pegr

BUetr = 1- BBEr= 99.51 % Begr

Table 1 presents the BBeeﬂ"pefT ratio as a function of
the mpe/My; mass rauo for several various media. It is
obvious that the f3 Be effPeff ratio increases with the

"‘Be/mU mass ratio .

Table 1. BBeeﬁ{[}eﬁ- ratio as a function of mpgs/myy
mass ratio.

mpge/myy ﬁBeeﬂJﬂeﬁ Reference
85 0.49 % This work

1777 < 3112 2.26 % Krasin, et al, (2)
Pure beryllium 231 % Keepin, (1)

4 LOWEST CRITICAL POWER LEVELS

The determination of lowest critical power levels of the
Dalat 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 10" day afier 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 regulatmg rod at 35 cm. The
reactor power is 6.7 1076 Pp. where P, is 500 kW
nominal power. The reac\or 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 % Pofr.
Neutron densities in subcritical states increase and
attain the stable values. They are well described by the
subceritical reactor kinetics theory(Loren C Schmid,(3)).

The critical state of the reactor is observed when the
four shim rods are located at 28.4 cm in depth and the
-egulating rod i1s withdrawn continuously from the
depth of 40 cm to the depth of 20 cm. The lowest
critical power depends on the beginning depth of the
-‘egulating rod The values obtained are from 1.6 10°5
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Phptod.2 10-3 Py, for the beginning depihs from 40 cm
to 60 cm of the regulating rod.

The range of the lowest critical poweis depends again
on the time afier the reactor is shut dOWn (Fig 4). They
have the values from (0.5+1.2) 1074 P, ie 25 W +
60 W, to (1.1 + 1.6) 1075 Py, ie. 5.5 W + 8 W, from
4th day to 13th day after reactor shut.down.

(vore)
10-. | \ Py
g \ ZH
I r3)
k oo
3 .
& 10~
507
[3)
ta) 1o
107 =t

1. 2 9 a4 8 6 Y &8 6 W0 1T 12 YV e 18 0
Time after reactor chust - down (day)

Fig. 4 Lowest critical power levels as functions of
time after the reactor is shut down
I Expriment
Calculation value of Pg so that the first term on
the nght hand of the formula (2) equals 300% (a),
100% (b), 10% (c) and 5% (d) of the socond one during
1000 sec.

In the just critical situation, k = 1, the neutron density
or power level will rise at a linear rite, as shown by
Loren C Schmid (3), :

Pg

P(t) =

6
|+ Z Bm/*m

mu]

where Pg = (1.93 % 0.01) 108 ¢ is exiraneous
source power, P, is critical power without extraneous
source, | is prompt neutron lifetime, 3 m and A, are
delayed neutron fraction and decay cunstant for the ith
precursor.

10 days after reactor shut-down the reactor power can
be expressed as follows :

Pty = 5108P t + P, )
This formula shows that during the fir2t 1000 sec in the
critical state the first term on the rigit hand is greater
than 300% of the second one, which ¢ about |.6 10->
Py, It means that the reactor power it not just constant
but rapidly increases . In order to deirease the power
variation to the value of less than 10A it is necessary to
take critical power of 5 10° 5 Pp.



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 =+ 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 +10) % to sustain the stable criticality of the
reactor. Therefore critical power must be chosen
greater than 103 P, or 500 W.

5. SPATIAL DISTRIBUTION OF THE
THERMAL NEUTRON FIELD

The replacement of the former TRIGA reactor core by
the new core with the neutron trap at center and the
beryilium 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 [4.6 cm that is equal to 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
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Fig. 5 Axial distributions of the thermal neeutrons at
the cells 7-3,7-9and [ -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 th
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 ar
in dissymmetrical shapes which can be expressec
analytically by Tong and Weiman (4) as follows :
®(z) = [ A + C(z-30) ] cosB,(z-30) 3)
where A, C, B, are constants, C = 0 for symmetrica
curve and B, is the axial buckling.

The radial distribution of the thermal neutron:
measured on surface of a piexiglass 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 th
beryllium reflector. This distributiont can be expressec
by the two-group neutron diffusion theory for a bar
reactor , as shown by Murray (5):
®(r) = ay Jglas(r-a3)] + a4 [g[as(r-a3)] 4
where Jo and I are Bessel functions, aj-as an
constants.

The constants in expressions (3) and (4) are determinec
from experimental data by the least square fitting

Neutron flux

L0

PR —

Al the center of the core (R = 0)
b=3361% 004
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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
extrapotated distances are obtained (Table 2). In Table
2 are also presented the calculation values ( Technical
design (6) and Nguyen Phuoc Lan , et al , (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 | 1.77 % 0.11 1.32 £ 0.01
coeflicient 1.71(a);1.74(b) 1.35(a,b)
Buckling, m2 | 846 % 5.5 166 £ 0.6
84,6 (b) 16.4 (b)
Effective size, 276 10 770109
cm 26.2 (b) 77.7 (b)
Extrapolated 8.7+ 15 851+ 05
distance, cm 8.8 () 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 op =
dp / dT. where dp is reactivity variation corresponding
to the water temperature variation dT in the core.

For the Dalat reactor o is measured at 0.25 kW in the
temperature range of (20 +40)°C by compensation
method using the regulating rod. The result is as
follows:

ar=-(08 % 0.1) 10°4/°C for T = (20 + 30)°C
at=-(1.2% 0.1) 1004/°C for T = (30 + 40)°C

This experimental value is not in contradiction with the
designed value ag = -1 10-4/9C (Technical design
(6)), and falls within the range of reactivity temperature
coefTicient for research reactors moderated and cooled
by water, as indicated in Directories of Nuclear
Reactors (8).

Although o 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 VVR-M2 type fuel of the
Dalat reactor, as shown by Technical design (6), this
value is -0.02 1074/9C . while for TRIGA type fuel,

Technical Foundation of TRIGA (9) shows that it
equals -1.3 10-4/9C. 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)
600

500 »Ss

400

300 O

. o
/

0

0 0.1 0.2 0.3 0.4 0.5
P (ﬁeﬁ')

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 1.

Furthermore, as already mentioned in Section 6, the
TRIGA reactor has a stability behavior better than the
Dalat reactor because of TRIGA'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 P.gr 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,
careful 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
(IFE) together with an electronic measuring system.
The IFE is of the same VVR-M2 type . Nine Chromel -
Coppel thermocouples (T +Tg) are incorporated in
the aluminum cladding of the hexagonal outer tube
with the different depths in the core ( T: 7 cm; Ty: 12
cm; T3: 17 cm; T4 30 em; Ts: 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
cmand Tg: 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 609,

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 T| -~ Ts 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 ceil
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5-6). This figure indicates that the highest temperature
is on the outer surface near the neutron trap.
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Fig. 8 Axial distribution of fuel surface temperature
at cell 9-6 for various values of reactor power.
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Fig. 9 Radial distribution of fuel surface temperature
a. Variation of temperature T4 with position at reactc
power of 500 kW. b. Temperatures T, Tg, T7 at cel
5-4 at reactor power of 500 kW. ’



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 98.79C, 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.
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700300 300 400 500
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Fig. 10 Distribution of fuel surface temperature T4 and
waler temperature Tg at cells 5-6 and 6-3 versus
reactor power levels.

o Fuel surface temperature

o 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 :

a. The effective fraction of the delayed photoneutrons
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induced by Be(y,n) reactions is 0.49 % Pagr and the
extraneous neutron source left after the reactor is shut
down gives the neutron flux of about (105 -+ 108)
n/em2/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 1074/°C and 0.4 Befr) are much less than those
of the TRIGA reactor ( -1.3 1074/°C and 1 Befp)-

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).
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ABSTRACT The Dalat nuclear research reactor was reconstruced from the TRIGA Mark IT 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 shieiding,
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 VVR-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, thermali neutrons. distribution,
reactivity, delayed neutrons, criticality, cooling system, temperature, fuel elements, control rods, reflector.

128



(WI\NM\MIINIIll\Ill\\IlNIlllllWIIl

VN9700006
Proceedings of the 4th National Conference on Physics
Hanoi, Vietnam, 5 - 8 October 1993.

DELAYED PHOTONEUTRONS
OF THE DALAT NUCLEAR RESEARCH REACTOR

Ngo Quang Huy
Center of Nuclear Techniques, Ho Chi Minh City, Vietnam.

Ha Van Thong, Vu Hai Long, Ngo Phu Khang, Nguyen Nhi Dien,
Pham Van Lam, Huynh Dong Phuong, Luong Ba Vien, Le Vinh Vinh.
Nuclear Research Institute, Dalat, Vietnam.

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 109
+ 108 n/cm2/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 BBEogr=0.49 % Begr
for a beryllium weight relative to U235 fuel of mpge/my = 8.5. This result is
acceptable in comparison to those obtained for other Be-U23> 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 U235 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 VVR-M2 36% enriched U235 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 U235 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 Ng power and a &k
negative reactivity is inserted at T moment. So the power immediately decreases to
the Ny value according to the following expression:

Nj Befr
= (h
No  Befr* 8k

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 :

-Afjt n -Ajt

N(t) 6
— = Xaje + L aje (2)
No i=1 =1

where a'j and A (i=1,...,6) are expansion constants for 6 groups of the delayed
fission neutrons and a’j and X‘j (=1,...,n) are constants for the n photoneutron
groups. These constants are related to the partial effective fractions beff)i and beff)j
and decay constants A; and Aj (i=l,..,6 and j=1,...,n) by the following formulas

[5]:
Befri() -MG)T
————— (| - &

i) = ) 3)
Befr + 9k
Beffi(j)
NiG) = Mgy (1 - —————) 4)
Befr+ 0k
where
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Fig 1 Reactor core arrangement
I. Fuel element ; 2. Beryllium reflector 3. Neutron

trap ; 4. Wet channel ; 5. Pneumatic transfer tubc ;
6. Safetyrod; 7. Shimrod; 8. Regulating rod ;
9. Graphite reflector ; Cell 1-1 : The first cell of the
core, cell i-j denotes the cell at ith row and jth column.
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Fig. 2 Time spectrum of the delaved ncutlrons
after rcactor shut down.

Experimental data.
Fitting curve {or 6 {ission neutron
components and 10 photoncutron componcnts.

Calculation curve for 6 {1ss10n0 neutraon
components.
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6 n

Beff= I Beffi + Z Beff (5)
i=1 =1

So using the experimental time spectrum and the least square fitting method
one may determine the parameters Beffj, Beffj , Ai and Aj. The well known [1]
parameters Pefrj and A; can be used for checking the calculation method.
Therefore in this work Beffj and A; 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 8k = 11Begris 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 + 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 :

Group Symbol Number Power range [ounization
of Tonization chamber
chambers
Source D 3 10-8 % Np + 102 % N KNK-15
Middle PD 3 10-3 % Ng + 10 % Ny KNK-15
Energy ED 3 | % Ng + 120 % Np 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% Ng power level and after that information from a PD
ionization chamber. The 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. This 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 Data obtained by various measurement methods
reactor shut-
down
From ionization Activation of activation of
chambers indium foils copper foils
35.7 min. (3.9 +0.2)105 | (3.5 +0.2)105
42.4 min. (3.6 +02)105 |[(3.4+0.2)10° .
49.75 min. | (3.3 +£0.2)10°5 | (3.0 +0.2) 10°5 -
57.25 min. | (3.1 £ 02)105 (2.9 +0.1)10°5 -
1.09 h (2.9 +0.2)10° | (2.7 0.1)10°5 -
1.83 h (2.2 +£0.2) 105 . (2.3 £ 0.2) 10-5
10.03 h (4.5+0.3)106 | (4.4 +0.2)106 .
13.27 h (3.1 £0.2)10°6 - (3.2 +0.3) 106
20.49 h (1.8 £0.1)106 | (1.8 +0.2)106 .
28.95 h (1.1 0.4y 106 . (1.2 £ 0.1) 106
305 h (1.00+0.08)10°6 | (0.95+0.05)10°6 -
40.48 h (5.9 + 0.5) 107 | (6.24 0.4) 10-7 -
40.58 h (6.0 £ 0.5) 107 . (6.1 £ 0.4)10°7
49.56 h (4.8 +0.4)107 | (5.0 +0.3) 1077 .
50.2 h (4.7 £ 0.4)10°7 . (4.6 +0.3) 1077
59.98 h (4.1 +0.4)10°7 | (4.3 £0.2)10°7 .
60.93 h (4.0 £ 0.4) 1077 . (4.2 +0.3) 107
The ionization chambers work a gamma compensation regime

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 ofInl I5(ny)intiém g
Cu%3(n,y)Cub4  reactions respectively. In110m 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 cm3 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 10-4 + 10-7
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of nominal power during 60 hours. Calculation curve of delayed U233 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 (105 + 108) n/cm2/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 Bogr =
B=066% (=064 %t 1517 10-5 ) then partial fractions Befri (F1,2,...,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 | Ty | Bej x 103
(KeV) | (sec) (Befd) Befi x 103 B; x109
L | 250 | 55.7 33+3 222 21
2 | 560 | 227 | 21918 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 77+ 5 74
6 - 0.2 42+ 2 28+ 1 27
Total (99.5+3) |(0.65+0.02)| 0.64%
% Beft %
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Table_3. Parameters of 10 delayed photoneutron groups.

N Precursors T172j BBeeﬂ‘J 107 Tin B * 103
0 (Befp) Keepin [1] | Keepin [1]
1 Ba-140 12.84d 1.54 £ 0.12 12.8d 0.057
2 Te-132 77.7h 0.62 £ 0.04 77.7h 0.038
3 Te-131 and others 12.1h 1.95+0.13 12.1h 0.260
4 I-135 6.8 h 9.81+ 0.76 3.11h 3.20
5 Kr-88, La-142, Kr-87 2.8h 18.6 + 1.0 3.11h 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 206 £ 1.2 15.5 min 3.68
8 Sb-133, Kr-89.Rb-90 3.2 min 112+9 3.2 min 1.85
9 I-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: BUeﬁ‘,
effective delayed fission neutron fraction and BBeeﬂ‘, effective delayed photoneutron
fraction. Experimental data of delayed neutron spectra have been time analyzed [1]
into 15 groups, of which 6 groups are U235 fission and 9 others from (y,n)
reaction on beryllium. It resulted that in media composed only of beryllium,
delayed photoneutron fraction is 15.175 103, i.e. with known delayed neutron
fraction from U235 fission BU = 0.0064, one has

BBe=231%; pU=9769%

In ‘an experiment on rapid shutdown realized on a critical assembly with
cylindrical core composed of enriched uranium (10% U233) and beryllium
veflector, (mge/my = 1777 + 3112 ) [2], one obtained delayed photoneutron
fraction = 14.808 10-3, so

~

BBe =2.26 %: BU =09 74 %

These data show that the effective fraction of delayed
photoneutrons increases with mpge/myj ratio as illustrated in Table 4.

Table 4. Dependence of BBeeﬁ/Beﬁon mpe/myy ratio.

mpBe/Mmy BBeeﬁ{Beﬂ‘ Reference
8.5 0.49 % This work
1777 + 3112 2.26 % [5]
Pure beryllium 231 % [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 continuos 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 (105 + 108) n/cm2/sec.

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 pBe.gr = 0.49 %
Beff This result is acceptable in comparison to those obtained for other Be - U235
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
mllowmg 100 hours of its continuous nperatmn The power levels vary from (0.5 -
1.2)x10™" Pp, i.e. (25-60) W to (1.1 - 1.6)x 10 Pn,le (5.5 - 8) Wat 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 s
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 METITIOD

It is assumed that the reactor should be kept at a subcritical 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 /sko (1)
where ko = 1- ko 2)
0 is the excess multiplication factor of the subcritical reactor.
After the insertion of a positive reactnvxty P the neutron density increases and

reaches a new asymptotic value. The i i™ and (i+ 1) insertions of a positive react:vnty
give the following asymptotic subcritical neutron densities :

Ni = Ns /4 ki (3)
Ni+1 = Ns/d ki+1 (4)
where dki=1- (ko + ip) =3 ko - ip (%)
dki+1t =dko-(i + 1) (6)

The (i+2)lh insertion of positive reactivity gives the new state of the reactor
with the new density Nij+2. This new state is subcritical if Nij+1 < 2Nj, critical if
Ni+1 = 2Nj, and supercritical if Nj+1> 2N;j [2]. In the case of Nj+1 > 2N;j, the
neutron density Nij+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 (N

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 6.7x10 %Py,
where Py 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% feff, where Beff
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 p = 4.67% Befr.

Table 1 presents the asymptaotic neutron densities Nj, the ratios Ni/Ni.1 and
the reactor powers P, for 6 reactivity insertions. From Table 1, it is obvious that
Ne/Ns > 2, so in the 7™ insertion of the 4.67% Be(r positive reactivity, the reactor
will reach the supercritical state.
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The subcritical excess multiplication factor éko and the neutron density of
extraneous source Ns are determined by the least square fit method for the
function :

NS/P

Ni = —em—m (8)
okolp - i
i=1,2,3,4,5,0.

The obtained results are as follows :

dka = (6.041 £0.018 )
Ps = (1.93 =0.01)x10™ Py

where Ps is the power corresponding to the extraneous neutron source Ns.

Table 1. Neutron densities and reactor powers in subcritical states.

i N, (cps) Ni/Niy, P(10°P,)
0 ‘ 945 + 5 (.850 z(;.()()l
1 1120 * 10 1.185 +0.002 1.01 £0.01
2 1400 = 10 1.250 * (.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
S 5426 + 20 1.193 +0.003 4.88 *+0.02
6 Nonasymptotic 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 heginnir;g positions of tlgle regulating
rod. The obtained values are in the range 1.6x10™ Pn to 4.2x10™ Py 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 ofstime. They have the values from (0.5 - I.Z)xlO'dPn,
i.e. (25-60)W to (1.1- 1.6)x107 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 = I, the neutron density or power level will rise at a linear rate (3] :
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Ps
P(t) = t + Pc (9)

)
R

“Am
m=|
where [ prompt neutron lifetime, fim,Am : effective delayed neutron fraction and
decay constant of the m'™ 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) = 5x10°Py t + Pe (10)

In Fig.4 is |lluxt|.m d the expression (10) together with the experimental data,
where Pe = 1.6x107 Pnis cmmdcred 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 vmatlon
smaller than 10%, it is necessary to choose the critical power level] of 5x10° *Pn.

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), 10% (curve c) and 5% (curve d) respectively of the
second one during the 107sec. From Fig. 3 it is obvious that the lowest crmcal
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
cntnmhly of the reactor. Therelore, the critical powers must be chosen greater than
107*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 Ng on
the surface of fuel element and the thermal neutron density N in the replaced matenal

A=(Ng -N)/ Ny (D
is constant, that does not depend on the position of the fuel element in the corc 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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Fig. 1 Reactor core arrangement

1. Fuel element; 2. Beryllium reflector 3. Neutron
trap; 4. Wet channel ; 5. Pneumatic transfer tube ;
6. Safetyrod; 7. Shimrod; 8. Regulating rod ;
9. Graphite reflector ; Cell 1-1 : The first cell of the
core, cell i-j denotes the cell at ith row and jth column.
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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 matenial.

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, AZ9, 4 shim rods KCj +
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]:

®(z) = [ C + D(z-30) JcosB(z-30) (2)
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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
KCj+ 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=(Ng-N)Ng=(Cp-C)Cp (3)

where Ng. Cg and N, C are the constants for the water column and the plexiglass rod
respectively.

2.2 Similarity of the thermal neutron distribution curves 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{+ KCy4 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 Cg, Bg, Dg for the water column are
determined with 5% error and equal ‘

C =1.485 D =1.934 102 B =3.95102
Co=0.910 Do = 1.198 10-2 B =4.02 10-2

From the above data it is obvious that the coefficients B and B are coincident in
error range, while the ratio C/Cgp = 1.63 £ 0.11 equals ratio D/Dg = 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
7= 30 cm according to the expression (3) . Table 1 presentsthe calculated results of
the constants C, Cq together with the coefficient A.
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Table 1. Measured values of the constants C, C and A (in relative unit).

Cell Cq (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 Table. 1, 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=] ®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 Bef) 10 % 1.9 10-2 4.5 1072 2.510°2
F + 5% 23.6 56.0 29.1
Flp +12% 12.4 102 12.4 102 11.6 104

2) The second method: In [3],itis 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 2.31 +0.09 1.35 + 0.06
Plexiglass rod at cell 4-1 2.26 + 0.09 1.35 + 0.06
Plexiglass rod at cell 7-3 2.11 £0.08 1.30 + 0.05
Plexiglass rod at cell 9-5 243+ 0.10 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 matenal
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 itis 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. R

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:

I- 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- 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 Il
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 he 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 comparision 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 86.5¢cm total length is made

155



Fig.1- Horizontal section of reactor core

1- neutron trap, 2- beam tube, 3- graphite reflector

fuel element,ﬁ& &xD Be shim element and reflector
Ifradiatiaon channels: @ 1-4, @ 7-1, 13-2
Cell positions measured: @ 7-35 @ 7-9
Control rods: Z1,Z22- safety; C1,C2,(C3,C4- compensationj

R- regulation.

4
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14,6 cm
Fig,2- Fuel element and ending structures

1- fuel element, 2- upper end,
3- Uranium in 5 concentric layers,
4~ lovwer 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 .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 :

- Anadditional 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 fuil 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 pasitions, 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, Y9mm 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 justitied by the small thickness of uranium
concentric layers separated by relatively large water interstics; it is also justified by
experimental data obtained from microfiux 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 0.58 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. Tt can be seen for each core position there can exist a control

157



o~ 1 3 LI v v
-
§ | o 'ﬁ 33 *1_:
v toa . a
; . %
-~ }- Position 7-3 . A
. " *
.+ . 2, 2] . .-y
« £ ' _ " 4 ﬁ ¢
005E * 2 g "t‘ g v -
. 2 bg
1.0 R Position 7-9 g Cm
Y ¢ :
3 % i 3
o.s} g M -
o <
+ + &’
1.0} & Position 1-4 .
+ +
X 12
; + ‘ +
005.-*- g ' -
. A 3 l 1
0 10 20 30 40 50 H(em)

fig. 3 - Axial distributions of the thermal neutrons
at the positions 7-3, 7-9 and 1-4 (error +3%)
e No i, #* No 2, jm} No 3,
© No 4, X No 5, A No &,
+ No 7, g No 8, v No 9, % No 10.

158



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.

[able ]. Parameters obtained from neutron distribution measurement
at core positions 7-3, 7-9 and 1-4.

Core | No. Inscerted depth of control rod Zmax k = Bzi Herr
pos. KCI | KC2 | Kc3 | Kc4 | AR | (em) | 001 ) (m™) (cm)
1 13.2 | 65.0 65.0 13.2 65.0 30.0 130 | 167+ .4 | 76.8 £ .9
7-3 2 42.0 | 00.0 65.0 42.0 36.5 334 132 | 166 4 | 77.1 £ .9
3 350 | 35.0 35.0 35.0 L5 35.6 1.32 | 158+ 3 | 79.1 + .9
4 65.0 19.5 19.5 65.0 00.0 30.0 1.30 168 .4 | 76.6 £ .8
7-9 5 00.0 39.0 39.0) 65.0 00.0 30.8 130 { 166 2.2 | 772 .5
6 00.0 39.0 29.0 65.0 3.0 31.8 1.31 167 .3 | 769 + 6
7 65.0 65.0 11.5 1.5 65.0 31.8 1.32 171 £ .2 | 759+ 4
1-4 8 (X0 65.0 43.0 43.0 33.0 343 133 |1 17.0+ .3 | 762 .7
9 (0.0 (0.0 48.5 48.0 21.5 353 1.33 168+ .2 | 76.6 .5
10 | 350 | 35.0 35.0 350 | 315 | 357 133 | 163+ .2 | 778 + 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 I and No 4 respectively. These symmetrical cases
correspond to the configurations where the 2 nearest KC rods (KC2, KC3 and KCl1
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]
d(z) = [A + C(z-30)] cos Bz (z-30) (1)

where A, C, Bz are constants, and C = 0 for symmetrical distributions, B; is the axial
buckling.

The parameters A, C, B, 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 = dmax / dav (2)

where ®max = ®(zmax) , maximum value of &, and dyy its average given by
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v = (i/H) P(z)dz (3)
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
itis 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 kz 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 Hefr of the core as the distance between the paositions
where d(z)=0, i.e by putting

Heff = H + Ay + Al (4)
where Ay and Aj are’respectively the extrapolated distances at the upper and lower

houndary of the core determined by the conditions
([)(-/\u) = fh(H + /\[) =) (5)

The conditions (§) applied to function (1) give rise to two solutions, i.e the zeros
of the two factors @) = A + C(z-30) and 42 = cos Bz (z-30) . From the fitted values
of A, C, By, itis seen that A > (), C < 0 and the zero of @[ is much greater than that
of @2 for all the cases studied. In consequence, one must take the conditions (5) as

M(-Au) = d(H+A) = 0 (6)
As dn is symmetrical function, then Ay = Al = A for all symmetrical or non
symmetrical distributions, and (6) becomes
cos( = Bzx Her/2) =0 (7)
where Herr = H + 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 |
for each core configuration. The deduced average is

B, = (16.6 £ 0.6) m2

The expression of Hetr calculated from (7) is
Herr = 1/ By, (8)

Experimental values of Hegr are given in Table 1. The resulted average values of
effective height and extrapolated distance are

Herr = (77.0 = 0.9) cm
and A= (85 =%05)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, B2 = (16.6 + 0.6) m’2,
- The axial extrapolated distance, A = (8.5 £ 0.5) cm ,
- The effective height of the core, Hefr = (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 B2 = (84.6 £ 5.5) 10-4/cm?

2. The effective radius Reff= (27.6 £ 1.0)cm

3. The extrapolation distance A = (87 £1.0)cm

4. The unequal coefficient of the effective multiplication K;=1.77 £ 0.11

I. 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.

Tl. 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 VVR-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 wrag]ged in two aluminum layers of 0.9 mm
thickness (Fig.2). The average weight of u2 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. Safetyrod; 7. Shimrod; 8. Regulating rod ;
9. Graphite reflector ; Cell 1-1 : The first cell of the
core, cell i~j denotes the cell at it row and j“‘ column,

Fig. 2. Cross section of the fuel element Fig. 3. Cross section of the plexiglass rod
¢ Umit in mmy)
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In addition, in the core there are a neutron trap , six boron-carbide absorption
rods (two safety rods AZj, AZ, and four shim rods KC;+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 cm? . So the equivalent radius of the active core is R = 18.9 cm.

The reactor has a thermal column and four horizontal tubes. The ISt | 3rd R 4th
tubes have the void extension parts in the graphite reflector.

ITl. 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 KC; 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 :

Ki = @ pax/ <®> = 1774 0.11

where the maximal value of the thermal neutron field is @55 = 1.87 + 0.10 and the
average value is <®d>=1.05 * 0.03.
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Relative unit

In the core centre (r = 0): ¢ = 3,38 + 0,04
6 8 10 12 14 16 18 R (cem)

Pigure 4. The radiosl distribution of the thermal

neutron field.,
according to expression (1)
- - - extension part of function :
alJo(az(r - a3)
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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 43 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
2] 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] :

d(r) = a) Jo[ap (r- a3)] +ag Iplas(r-a3)]

(M

where spherical Bessel function J describes the thermal neutron field distribution in
a diffusion length far from the beryllium reflector, Bessel function I

the core in
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describes the influence of the beryllium reflector on the neutron field near the reflector.
Constants aj , a2, a3, a4 and ag are determined from experimental data by the least
square fitting method [2].

The calculation results give :
a; = 118+ 0.02 . ap = 0092 + 0.003 a3 = 1.4 * 05
ag = 0.0035 £ 0.0002 | ag = 0.39 + 0.03

The fitting curve in Figure 4 describes well the experimental data.

Function Jg 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

B;2 = a2 = (84.6 £ 5.5) 10-%/cm? (2)

The effective radius of the core is determined from boundary condition:
Jo By (Regr - a3)] = 0 (3)

Hence,

Reff = 2.405/By + a3= (27.6 £ 1.0)cm (4)

Because the equivalent radius of the core is R = 18.9 cm, the radial extrapolation
distance is :

Ar = Regf-R = (8.7 & 1.0)cm (5)
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ABSTRACT

Thermal neutron flux distributions around  the 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 TRIGA
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 VVR-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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Cell 1-1 *l - ,"

Fig. | Reactor core arrangement

T Fuel clement , 2. Berytlium reflector 3. Neutron
trap . 4. Wetchannel ; 5. Pneumatic transfer tube
6. Safetyrod; 7. Shimrod;, 8. Regulating rod ;
9. Graphite reflector ;| Cell 1-1 : The first cell of the
core, cell i-j denotes the cell at it row and jth column.

-
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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 (e) and outer (A) margins of the graphite refiector
{error of 5%).
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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 cmand 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 clement 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
0.1mm 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
0-11 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 :

d(z) = [A + C(z-30)] cos[B(z-30)] (1)
where A, B, C are constants. The constants A, Bin, Cip and Agyt, 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 1. Fitting data for B , Bout » Ain/Aout and Cin/Cout -

Parameters 5-1cell 9-11 cell
Bin 0.038 + 0.001
Bout 0.037 % 0.001

Ain/Agut 2.43 + 0.05 2.54 + 0.04

Cin/Cout 2.06 + 0.02 2.28 £ 0.01
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Table 1 shows that B, equals Bgy,; while Ajy/Agyt ratio is not equal to
Cin/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/Agut and Cip/Coyt 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) = a1 Ko(xjr) + apIp(x1) + a3Ko(xpr) + aglo(xar)  (2)
where aj - a4 are constants,
x12= 1+ (MHe)? 5 xp2 =(1/L)2 + (n/Heg)? (3)

T : neutron age,
L : diffusion length of thermal neutrons,
Hefr= (77.0 + 0.9) cm : effective height of the core [2]

The constants a] - a4 are determined from experimental data by the least square
fitting method with 1 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 (x2 = 367). '

Fig.4 presents the calculation curve that increases with radius, attains maximum
value at the position of Ryax = 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.

S. 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
®/<P>, where <®> is the average value of 20 measured data. From Fig.5 it is seen
that ®/<®> is greater than 1 at the 37d and 4th horizontal beam tubes and is less than
1 at the 15t and 27d 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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CALCULATION OF FUEL BURN-UP AND FUEL RELOADING
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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 ditferent 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.

ILINTRODUCTION

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 Ist 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 allo_‘y with aluminum cladding. On
average each fuel element contains about 40.2g of U%® 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 be 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 be taken into account by introducing the mass effect in the thermal
energy range [4] and the resonance escape probabilify 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 - 10MeV) energy, the second group - the resonance neutrons with (0.2eV
- 5SKeV) 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(D1vd1) + Z10 = (1/kefr) 2 vEfd

i=1
W(D2van) + 2 42 = s D (1)
V(D3avi3) + 3db3 =¢ Z§|2 M

where i-index indicates the ith group (i=1,2,3), i is the neutron flux, Dj is the diffusion
coefficient, Zj is the cross-section of releasing neutron, Xy is the fission cross-section,
Zsli is the slowing-down cross-section, v is the number of neutrons produced by a
fission, ¢ is the resonance absorption escape probability, kefr 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 b i1V )i + i = 0 (2)
and at the surface of the control rod cell :
yi(l-;V)d)i + dj= 0 (3)
where yi are effective values averaged over the axial distribution of neutron fluxes :
H

H
vi = yi@ai(z)dz/l @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)
tor the Dalat reactor by using a progamme maditied from the HEXA programme.

A combination of the modified HEXA programme calculating the neutron fluxes
tor 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 | shows the results calculated for the parameters of the critical core
contigurations 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.

Critical U ma;
Number of ritical U™ mass (g) Depth of shim E
Xcess
fuel elements rods (mm) .
Experiment Kee reaclivity
[7] 7] Calculation 17 (%)
69 2781.8 2775.11 KCi= 6 0.9978 -
72 28974 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 = 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 - 369).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 110 position, i.e. in
boundary of the core the difference between theory and experiment is 5%.

Table 2. Thermal neutron fluxes in June 1989.

Thermal neutron fluxes
Fuel elcment ‘Calculation Expcriment [8]
’ (10" njem¥s) Relative (Relative)
6-5 0.52 1.50 1.33 £0.32
6-4 0.37 1.05 1.06 £ 0.11
6-3 .33 0.96 0.92 =0.04
5-3 (.28 0.80 0.89 £0.10
5-2 .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 (.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
4-1) (.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 burp-up, the maximum fuel burn-up and the U 3 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 U?® mass fuel burn- -up
is only about 1.9%.

Fig.4 shows the fuel burn-up values calculated for all the tuel 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 tuel burn-up is 5.97%.

Table 3. Calculation results of fuel burn-up.

i?il:::i:(g Depth of Average |[Maximum Spent U mass (2
Opcration time SH0kW 4KC Kerr burn-up | burn-up | cajcula- | Experi-
(mm) p

(h([);llrs) (9] (%) (%) tion [9] | ment (9]
06/02/34 - 10/8/34 a} 360.5 447 1.0026 0.27 0.41 9.435 9.238
10/8/84 - 15/11/84 h | 3232 470 1.0042 (.48 0.76 8.460 8.280
IS/U1/84 - 09/3/85 al 470.2 425 L0013 0.84 1.29 12300 | 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

- 31/12/85 401.8 405 L.OD1S 1.76 2.70 12.077 11.834
31/12/85 - 21/02/86 t0tL.s 390 1.0003 1.83 2.82 2.658 2.601
21/02/86 - 350.0 385 1.0009 2.09 - 9.155 8.969
. 00 | 380 | L0007 | 234 ' 9.152 | 8.969

- 31/12/86 487.3 370 1.O01S 2.70 - 12.736 12.487
01/01/87 - 400.0 a6S 1.0011 2.99 - 10.456 10.250
- 31/12/87 460.0 360) 1.0010 3.33 - 12.043 11.811
OL/OL/8S - 400.0 358 [.0003 3.62 - 10.451 10.250

. 400.0 54 1.0000 391 - 10.451 10.250

- 31/12/88 407.0 350 1.0000 4.21 - 10.647 10.429
OH/O1/89 - 6/39 6000 340 £.0010 4.65 7.06 15.659 15.375
6/89 - 31/12/89 662.8 330 L0017 5.13 - 17.289 16.984
010100 - 500.0 325 LOO13 5.49 - 13.049 12.812
- 500.0 320 1.0013 5.86 - 13.044 12.812
- 311200 459.6 31s 10013 6.19 - 11.991 11.777
010191 - S00.0 310 1.0014 6.56 - 13.040 12.812
- 500.0 308 1.0014 6.92 - 13.038 12.812
31/1291 553.6 300 1.OOLS 7.33 - 14.430 14.186
01/01/92 - 6/92 6060.0 290 1.0026 7.81 11.76 17.190 16913
6/92 - 9192 40000 279 L.OO30 8.02 12.52 10.456 10.250
Total 11109 3.02 12.52 290.14 | 284.67

Note: : 88 fuel elements, b : 92 fuel elements;

: 89 tuel elements trom 9th of March 1985
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4.4. Fuel reloading versions

The calculation of fuel reloading versions is based on the last core contiguration
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 beft), the average fuel burn-up of 8.28%, the
thermal neutron flux at the neutron trap of 2.29x10" n/em?s and the unequal
coetficient of 1.65.

10 fuel reloading versions are suggested and calculated (Table 4). From Table 4
it is obvious that :

i. Thermal neutron flux '1t the neutmn trap depends mainly on the number of fuel
elements and equals 2.2x10" n/em /s 2.1x10'* n/em?/s and 2x10"*n/cm?¥/s for the
core loaded with 96, 100 and 104 fuel elements respectively. So the neutron flux
decreases with the number of fue! elements.

ii. Unequal coetticient 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 S 6 7 8 9 10
[ 96 100 96 100 104 96 96 96 100 104
Il 65 65 77 77 77 77 39 89 ]9 89
m 31 35 19 23 ‘27 19 7 7 11 15

v S.08 4.85 6.22 597 5.74 6.22 767 [*7.67 7.36 7.08
v 9.10 9.10 10.1 {n.a 1.1 10.1 12.5 12.5 12.5 12.5
\% 2.16 2.11 217 2.11 2.05 2.16 2.17 2.16 2.11 2.04
VI 1.82 1.84 1.84 1.86 1.88 1.85 1.69 1.73 1.72 1.73
VIII 427 486 403 443 494 379 365 343 383 428
IX 8.66 9.27 ].20 8.81 9.52 7.88 7.54 7.33 7.98 872
X 10,0 (2.5 85 1.0 13.5 7.0 6.0 5.0 7.5 10.0
Xl 282 283 277 278 277 279 280 278 279 277
X1 12.0 13.2 12.1 13.3 14.4 It 11.8 11.1 124 13.5
X1 16.6 18.2 {7.1 19.0 20.6 17.3 15.6 17.6 20).0 22.0

Note: 1: Number of fuel elements
IT : Number of old fuel elements
[11 : Number of new fuel elements
IV : Initial average fuel burn-up, %
V ¢ Initial maximum fuel burn-up, %
V1 : Thermal neutron tlux at neutron trap, n/cm %s
VII : Unequal coefficient
VIII: Initial depth of shim rods, mm
[X : Excess reactivity, fleft
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X : Burn-up time, 1000 hours

XI : Final depth of shim rads, 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 x10"3 njem?ss.

b. The unequal cocfficient is as low as possible, about 1.7.

c. The fuel burn-up of the withdrawn fuel element is as high as possible, about
30%.

d. The fuel burm-up time of the reactor is as long as possible, about 3 - 5 years.

e. The excess reactivity is about 7 feff.

On the basis of these criteria the two 7'" and 8'" versions have been chosen. The
- parameters of the reactor core for the g 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-
parision 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 (8lh version) and the
present core.

Paramcier New core Present core
Total number of fucl clements 96 89
Number of old fucl clcments &9 0
Number of new fuel elements 7 89
Initial average burn-up (%) 7.67 0
Initial maximum burn-up (%) 12.52 0
Maximum thermal neutron flux (n/cmzls) 2.16x10' 2.28x10"?
Unequal coefficient 1.73 1.74
Initial depth of shim rods (mm) 348 490
Excess reactivity (Bcelf) 7.33 9.57
Burn-up time (hours) 5000 11109
Final depth of shim rods (mm) 278 276
Final average burn-up (%) 11.13 8.28
Final maximum burn-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.

L. INTRODUCTION

The Dalat nuclear research reactor was rebuilt from the TRIGA 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.

1. REACTIVITY COEFFICIENT

For light water moderated reactor, temperature coefficient of reactivity is defined as
the ratio

oT = dp/dT,

where dp is reactivity variation corresponding to water temperature variation dT in the

core.
For the Dalat reactor, aT has been measured at 0.25 kW in the temperature range

of ( 20 + 40 ) ©C by compensation method using automatic regulating rod. The result is as
follows:
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oaT =-(1.0 £ 0.1) 102 Bogr/ OC for T =(20 + 30)°C
aT =-(1.5 % 0.1) 102 Begr/ O©C for T = (30 + 40)°C

With the effective delayed neutron fraction of Begr = 0.0081 [1] we have :
aT=-(0.8 £0.1) 104/0C for T= (20 + 30)°C
at=-(1.2+0.1)104/0C for T =(30 + 40)°C

This experimental value is not in contradiction with the design value calculated in
[}, aTcal = -1 104 / 0C, and falls within the range of reactivity temperature coefficient
for research reactors moderated and cooled by water [2].

Although o 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 VVR-M2 type fuel of
the Dalat reactor, this value is -0.02 10-4/9C [1], and for TRIGA type fuel, it is- 1.3 10-4
/9C, [3]. Therefore TRIGA reactors possess intrinsic stability much greater than the
present reactor. .

ITI. XENON POISONING

Xenon poisoning is a negative reactivity effect due to Xe!35, a U235 fission
product having very strong thermal neutron absorption. At 500 kW nominal power,
corresponding to average neutron flux of 3.4 1012 n/cm2/sec, 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 s 0.06)Ber= -13%
after about 60 hours at 500 kW.

From calculation it is also found that maximum reactivity worth after reactor shut-
down, the so called Todine pit effect, is :

-0.06 Bofr = -0.05%,

and the total maximum Xenon poisoning of the Dalat reactor at nominal power is -1.35 %.

190



-0.2 )

-0.4

-0.6

-0.{13 u\
. ?{

a -1.2 5 H
1.4 —
-1.6 HOH KK MK KKK —
1.8 l

( Befr)

0 20 40 60 80 100
t(h)

Fig. 1. Variation ol 1cactivity due to Xenon poisoning versus working time of
reactor at 500 kW, corresponding to neutron flux of 3.4 1012 n/em?2/sec.
o : Fxperiment

o Computation
10 20 10 40 50 {(min.)
a Y v T R Y
b
= -
>
N ]
-3
Y | . §*¥4§._ ) } L . 4
S I e e e e B
Ng_.\;._{
foy
-6 o T ‘#\M
| ] .ﬂﬂ\ﬂ"*‘\‘\
0 10 20 Jo 40 so Wh)
Fip.2 = Time spectvyum of  the delayed ncutrons
after rcactor shut down.
o : Fxperimental data.

Fitting curve for 6 Tlission ncutyon
components and 10 photoncutron componenls.

semm== 1 Calculation curve for 6 lission neutron

components.

191



IV. PHOTONEUTRON CONTRIBUTION

In the Dalat reactor, delayed neutrons come from two contributions : neutron
disintegration of U233 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, Begr, consists then of two parts : BU,
effective delayed fission neutron fraction from U235 and pBe, 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 (v,n) reactions on beryllium. It resulted that in media
composed of only beryllium, delayed photoneutron fraction is 15.175 10-3, ie. with
known delayed neutron fraction from U235 fission BU = 0.0064, one has :

BBe=231% and BYU=97.690%

In the experiment on rapid shut-down realized on a critical assembly with cylindrical
core composed of enriched uranium ( 10 % U235 ) and beryllium reflector, Be/U235 =
1777 + 3112, [6], one obtained delayed photoneutron fraction of 14.808 10-, so

BBe=226% and BU=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 U233 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 + 10-7 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 ( 103 + 108 ) n/cm?/sec. This extraneous neutron
source is used for starting-up the reactor.

A global estimation from time spectrum gives
BBe =046% and BU=99.54%
These data show that BB€/ BU 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/U235 =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 Bog and +0.38 Begr 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 Befr

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

| Befr resulting in reactor period of 1 sec and reaching only 120 kW stable power level
after having attained several hundred MW [4].

VI. 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) 1074/ 9C 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 Begr.
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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 ( -0.02 104 / ©C and 0.4 Befr ) are much less than
those of the TRIGA reactor (-1.3 10-4 /9C and 1 Befr)

VIlI. REFERENCES

1. Technical design for reconstruction and expansion of the Dalat research reactor,
Vol. 3, 1979 (in Russian).
2. Directory of Nuclear Reactors, Vol. 2, IAEA, Vienna, 1959.
Directory of Nuclear Reactors, Vol. 3, IAEA, Vienna, 1960.
3. Technical Foundation of TRIGA, General Atomic Co. , GA-471, 1958.
4. 1. X. Ganev.
Physics and calculation of reactors, Energoizdat, Moscow, 1965 (in Russian ).
5. G. R. Keepin.
Physics of Nuclear Kinetics, Addison Wesley, 1965.
6. A. K. Krasin at al.
Proceedings of 2nd UN Conference on PUAE, Vol. 2, p. 571, Geneva 1958.

195

NEXT )
laft BLARK




Proceedi f the 4th National Conft Physi
ol ot oo s AR

EXPERIMENTAL DETERMINATION OF FUEL SURFACE
TEMPERATURES IN THE DALAT NUCLEAR RESEARCH REACTOR
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Pham Van Lam, {(Nuclear Research Institute,

Dalat - Vietnam)

+ P.A. Diakov, A.F. Sacsanov, (The USSR State
Committee on the Utilization of Atomic Energy)

ABSTRACT

Measured fuel surface temperatuies,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 discvssed.

1. INTRODUCTION

The Dalat nuclear research reactor is a 500 kW pool reactor
with Soviet VVR-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.

Tne 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 hexagqonal 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. Consegquently, 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
ooth 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 wused to measure the fuel surface temperatures
consisted of an instrumented fuel bundle (IFB) together with an
electronic measuring system(see Figs.3-5). The IFB .is of the same
VVR-M2 type as normally used in the Dalat tgactor. Nine Chromel-
Coppel thermocouples were incorporated into the IFB. Of these,five
were incorporated in the aiuminum 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 Temperature| Distance from Remark
notation notation IFB centreline
{mm)
_____________________________________________________ - ——— - — -]
Jl Tl 230 ~Hexagonal outer tube
"
J2 T2 180
"
J3 'I'3 130
”
J4 'I‘4 0
- "
J5 T5 150
J6 T6 210 -Middle cylindrical tube
J7 T7 210 -Innermost cylindrical
tube
J8 Ta 345 ~-Measurement of the core
outlet water temperature
J9 T9 -355 I -Measurement of the core
inlet water temperature

The junction of each thermocouple (other than J_, and Jg,which
measure the water temperature) was buried 0.3 mm inside the 0.9 mm
thick aluminum ciadding of the IFB. The presence of thermocouples
in the IFB did not affect 1its thermal hydraulic performance
thanks to careful measures during construction [1].

The supporting electronic system consisted of an analog
processing unit ( amplifier plus analoque-to-digital converter )
interfaced with an AT personal computer. A block schematic of the
system is shown in Fig.S5.
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3. RESULTS

Temperatures were measured at selected 1locations 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, - T, were monitored and recorded by
computer. Fig.6 shows the layoat 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 varidus reactor power levels between 50 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 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 1is 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 T7 which are
located on the three separate fueled sections of the 1IFB. 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
sugface temperature at these positions reaches a maximum of about
99°C on the hexagonal outer tube for the reactor operating at

nominal power.

3.3. vVariation 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 673.
It is clear that these temperatures inCrease proportionally with
the reactor power at lower puwer 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 Dalat reactor can be found in [2}. The following table gives
predicted and experimental maximum fuel surface temperature for

various power levels.

Maximum fuel surface temperature( C)
Reactor power (kW) = |--=-—---m—mmem e m e —
Theoretical Experimental
50 39.56 41.0
100 : 48.34 47.0
200 62.62 6§2.0
300 ) 74.76 74.0
400 86.37 86.5
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 aqreement of predicted and
measured temperatures here indicates that we can be particularly
confident that the prediction method is reliable at these

locations.

S. CONCLUDING DISCUSSION

Experimental temperature measurements show that maximum fuel
sur face temperaturg at the hottest cell of the Dalat reactor can
reach nearly 100 C when the primary water temperature at the
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reactor tank inlet has attained its highest permitted value of
30°C. Although 100°C is sligptly larger than the upper limit, it
is far below temperature T at which surface boiling occurs.
However, 100 °C should not “be 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 ip the reactor «core (but is still wel below the
temperature Ts at which surface boiling would occur Ts=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 Dalat reactor.

REFERENCES

{1]. Technical documents of the experimental apparatus for fuel
surface temperature measurement of the Dalat nuclear
research reactor, The USSR state committee on the

utilization of atomic eneray,Moscow 1989.

{2). Ngo Phu Khang : Study of thermal hydraulic'chatacteristics'
and possibility of power uparading of the Dalat nuclear

research reactor,Int.Rep., Dalat 1987.

205




il ekttt 1T T
VN9700015

THERMOHYDRAULIC CHARACTERISTICS UNDER SOME TRANSIENT
CONDITIONS OF THE DALAT NUCLEAR RESEARCH REACTOR

Ngo Quang Huy,Ngo Phu Khang
Tran Khae 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 chermal 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 [1], 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 reguires a
study of 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 (3],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 thermocouples 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
comparead,and some assessments are made of the Dalat reactor's
saf-ty during transient conditions.

207



2. EXPERIMENTAL RESULTS

A description of the instrumented fuel bundle together with
an electronic measuring system can be found in {(1]. 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 kW power with no cooling system

- Reactor operation at 200 kW power following the reintro-
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 [see Fig.l} of the core for all the
above cases. The notation of these curves is as follows:

(
(

1,2,...,7) : fuel surface temperature T. (OC)

8,9 ) : water outlet and inlet teméerature (C)
reactor power ( % of nominal valte )
time

T O o

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 1instructions (4], 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 1IFB, 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 Ti (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

J.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 guasi-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 be
kk
constant ( Tkk= 20°C )

According to this model,the water flow rate through the reactor
core is given by |

9.81 [ }’SHI + }’4H2 - Yl”l - ysz ] = pl + p2 + [34 + 94 (1)
2
With : py= (A H; /D) + &, )(6/5)% /27, (2)
2
P, (K2H2 /D2 + (2)(G/52) /2?’2 (3)
2 .
Py= (A H, /D, + Z,0(6/8,)%/2r, (4)
) .
Pg= (AgH) /Dg + £ )(G/Sg) /27 ' (3)

In the above,
P; hydraulic loss in space i
water flow rate throuah the core

1 reactor core height

extracting well height
water density at temperature Ti

i
i equivalent hydraulic diameter of space i

i flow area through space i

friction coefficient of space. i

G
H
h
g
D
S
7\'1
g

i local hydraulic resistance of space i
The heat balance in the reactor tank can be written as:

abe( Tb - Tkk) + CD(Tb) mdeb/dt = P (6)

Where oy ¢ heat transfer coefficient through open surface of the

reactor tank water

Fb area of open surface of the reactor tank water
Tb average temperature of the reactor tank water
Tkk: temperature of the surrounding air

cp : water specific heat at constant pressure

™y mass of water in the reactor tank

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 = 4qs(z)/cerD1 (7}
- Fuel surface temperature : T (z) = T(z) + g (z}/h (8)
Where qs(z) : surface heat flux
rw : 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 1is assumed to be 257C.
Tables 6 and 7 compare the predicted and experimental temperatures

for those data illustrated on Figs.6 and 7.

Table 1. Predicted temperatures for reactor operation at 500 kW
without cooling system :

Time(min.) Maximum temperaturecof Maximum fuel gurface
water in the core [ C] 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

Time(min.) Maximum temperatureoof Maximum fuel gurface
water in the core ([ CI temperature ([ C)
0 47.9 86.3
20 51.9 89.7
40 56.4 93.6
60 61.2 . 97.8
80 66.3 101.9
100 71.9 105.4
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Table 3.
'di.

Predicted temperatures Eor reactor operation at 300

thout cooling system

kw

Time{min.)

Max imum temperatureoof
water in the core [ C]

Maximum fuel gurface
temperature ( C}

0 44.9 75.1

45 52.2 81.6

30 60.6 89.1

135 £9.6 97.1

180 79.5 104.4
Table 4. Predicted temperatures for reactor operation at 200 kW

wi

thout cooling system

Time(min.)

120
180
240
300

Max imum temperatureoof
waler in the core [ CI

41.
48.
55.
63.
72.
81.

Maximum fuel surface
temperature ( CH

Table 5. Predicted temperatures for reactor operation ak 100 kW

wi

thout cooling system

Time(min.)

Maximum temperature of
water in the core (CJ

36.
43.
51.
60.
68.
77.

Maximum fuel gurface
temperature [ Cl

b o e A - o .

48.
55.
62.
71.
79.
87.
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Table 6. Comparison of theoretical and experimental temperatures
for the case of the reactor running at 300 kW without
coolinag system

Time{min.) Maximum temperatureoof Maximum fuel gurface

water in the core [ C] temperature [ C)
Theoretical|{ Experimental |Theoretical | Experimental
__________________________ {,_.......__...___...._- - - S S ] - e - —— - — - -
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 8l1.9
49 53.1 58.0 82.3 83.3
56 ~54.4 60.8 83.5 B4.4
63 '55.17 61.8 84.6 85.7
70 56.9 62.2 85.8 86.6
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 temperatureoof Maximum fuel gurface

water in the core ( C] temperature [ C]
_____________ gy gyt
Theoretical| Experimental |{Theoretical | Experimental
10 44.7 47.3 65.7 64.8
20 45.8 48.2 66.7 66.72
30 47.0 50.0 67.8 67.4
40 48.2 52.1 68.9 69.0
50 49 .4 53.9 70.0 70.5
60 50.6 54.2 71.2 71.4
70 51.9 55.4 72.4 72.8
80 53.1 56.8 73.6 73.9
90 54.4 58.7 74.7 75.1
100 55.7 59.6 75.9 76.3
110 57.0 61.1 77.2 77.4
1290 58.3 62.4 78.4 78.5
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4. COMNCLUSIONS

Significant experimental and theoretical transienk thermal
hydraulic data have been obtained for the Dalat reactor. As a
result of natural convection cooling,water and fuel equilibrium
temperatures are quickly reached during reactor start-up and shut-
down.In 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 ~ooling
mechanism 1is 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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ABSTRACT

The Dalat nuclear research reactor was reconsiructad from the TRIGA MARK
11 reactor installed in 1963 with a nominal power of 2560 kW. The new reuctor
reached its planned nominal power of 500 kW for the first time in February 1984.
Investigation of the neutron physics characteristics of the Dalat reactor has been
carried out in the course of its operation. The main result obtained is as follows:

- The effective fraction of delayed photoncutrons and the extrancous neutron
source left after reactor shut down ave measured.

- The lowest power levels of critical stales of Lhe reactor are determined.

- The perturbation effect is investigated when a water column or a plexiyrlass
rod is substituted for a fuel element.

- The relative axial and radial distributions of tho theriwal neutrons measured
and the geometrical parameters of the core such us 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 TRIGA MARK
IT reactor installed in 1963 with a nominal power of 260 kW. In 1976 all the fuel
elements of the TRIGA reaclor had been dismountod and taken away, which
effectively caused the reactor to stop its operation. Reconstruction of the reactor
with a higher operation power of 500 kW wayg accomplished with a Russian
technological ussistance. T'he new reaclor reached its planned nominal power of
500 kW for the first time in February 1984,

The Dalal, 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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Americnn-made TRIGA rescarch reaclor. The undismounted components of the
former reaclor are the reactor tank, the concrele shiclding, Lthe graphite reflector,
the beam tubes and the thermal column.

The new core is Joaded with the Russian-imade 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
extrancous neutron source induced by Be(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 watls. It leads
to the fact that the measurement of neutron physics parametors in this reactor
is more difficult than in a critical assembly or a "pure" reaclor 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 [raction of the delayed
photoneutrons, the extraneous neutron source left after the reactor is shut down,
the lowest power levels of reactor critical states, the noutron 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 Fip.1, in which new components
consist of the reactor core, the extracting well and the cooling system. The reactor
core of a cylindrical shape with 43.6 cm dimneter (IMig.2) Is surrounded by the
old graphite reflector of 34.6 em thickness. The reactor ls loaded with 89 fuel
elements of VVR-M2 type. A fuel element has an overall helght.of 86.5 cin including
60 cm uranium-aluminum fuel part (36% cnriched 11236) that consists of three
coaxial tubes of 2.5 min thickness. A tube is made of a 0.7 min fuel layer sandwiched
in by two aluminum cladding layers of 0.9 mumn Lthickness (IFig.3). The average
mass of U2 in cach 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 I8 controlled by

six boron carbide rods (two safety rods AZ1-AZ2 and four shiin rods KC1-KC4)
and an automatic regulating stainless steel rod AR. '

An additional beryllium reflector layer is inserted botween the active coro (Lhe
fuel region) and the graphite rellector. The equivalent rading of the active core is
18.9 cin and the average thickness of the beryllium layer is 2.9 ¢m.

3. DELAYED PIHOTONEUTRONS

Delnyed neutrons in the Dalat reactor come from two contributions: the delayed
neutrons from U2 fission and the delayed |v|l()llnu!ll{.'l"(W'lt;l-’()’,ll) rencltions induced
by gamuan rays of energy grealer than 166 MeV on heryllium material,
Determination of the delayed photoneutrons plays an haportant role in studying
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the reactor kinetic property and estimating the neutron source left after the reactlor
is shul down.

The time spectrum of the delayed neutrons is measured when the reaclor is
shut down after 100 hours of conlinuous operation al. 500 kW power (Ifig.4). IMiz.4
shows that the delayed U 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"*+10°7 of nominal power during
60 hours. So the g)h()tonoul.ron source left after reactor shut down gives the neutron
flux of about 10%+ 10 njem?/s during 60 hours.

The delayed neutron spectrum is analysed into 16 components that consist of
6 components of the delayed U% fission neutrons and 10 photoneutron
components. The wml effective fraction of Lhe delayed neutrons figpr conslsls thon
of two parts: /Jeff , effective fraction of the delayed fission neutrons and /”el(‘ ,
effective fraction of the delayed photoneutrons. A global estimation from the time
spiectrum gives:

Bert>® = (0.49 = 0.02)% forr
A B
ot = 1- g™ = 99.51%/&”
Table 1 presents the ﬂd( ®IBopr Tatio f\mchn of Lhe mp/my mass ratio for

several various media. It is obvious that the /f(,” L//’I‘.” ratio increases with the
g/ mass ratio.

Table 1. /3enue/ﬂcn- ratio as function of mp/my mass ratio

myy/my Bt P ess Reluronco

8.6 0.49% - This work
1777-3112 2.206'% m
Pure boryllium 2.31% [2]

4. LOWEST CRITICAL POWER LEVELS

The determination of lowest critical power levels of the Dalat 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 ays after the rcactor,
was shul down following 100 hours of its continuous operation at 500 kW power.
The two sufely rods were withdrawn completely, Lhe four shim rods were placed
al 29.5 ¢ in depth and the regulating rod at the 856 cin. 'T'ho reactor power wus
6.7 _l‘()'GPn, where Py is 500 kW nominal power. The reactor powor was increased
by shooting a cadmium sample from the reactor core nsing o ppevmntic Lransfer
systen. 1L is equivalent W an insertion of u positive renclivity ol = 4.67% florr.

Fig.b shows the neutron density response to the positive stop changes in

reactivity, The density curves in subcritical statos incroase and attain tho stable
values. They are well described by the suberitical reactor kineties theory [3] with
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the positive step changes in reactivity of p = 4.67% fyqr

‘The critical state 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 em o the depth of 20 cm. The lowest critical power depends un Lln,
b(.gumiug depth of the regulating rod. The values obtained are from 1.6 10°°
o 4.2 10°° P, for the beginning depth from 40 cm to 60 cm of the regulal.mg
rod.

The range of the lowest critical powers depends again on the time after the
reactor is shut down (Fig.6). 'I‘hey have the values from (0.5 + 1.2) 107 4p P, ic.
20 W+ GOW, to(1.1+1.6) 10°° P, ie. 5.5 W + 8 W, at 4 days to 13 days alter
reactor shut down.

In the just critical situation, k=1, the neutron density or power level will rise
at a linear rate [3]:

Py = Gp_“ t+ P, ey
l + 2( lll/llll)
m=
where Py = (1.93 = 0.01) 10'815’n is extraneous rource power, P, g critical power
without extraneous source, 1 is prompt neutron lifetime, £, and Ay are delayed
neutron fraction and decay constant for the ith precursor.

10 days after reactor shut down the reactor power ean be expressed as follows:

P =5108P, ¢+ P, @
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° "1’,,
It means that the reactor power is not just constant bub rapidly increases. In
order to decrease the power vanul,lon to the valuv of less than 10% it is necessary
Lo take eritical power of 5 10° ip ne

In Fig.6 the critical power is plotled 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% (curyve b), 10% (curve ¢) and 5% (curve ) of the second one during 1000
sec. From IMig.6 it is obvious that the lowest critical power measured varies in
the range of (100 + 300)% during 1000 scc. These variation limits are too large
for practical use of the reactor. They have to be roduced to the values of about (5.
+ 10)% Lo sustain Lthe stable (.rlliulhty of the renctor. Therelore critical power
must be chosen greater than 1 107 l‘n or H0O W,

5. NEUTRON FIELD PERTURBATION E1IMEECT

The measurement of the distribution of neutron field in the Dalal reactor is
unable to be carried out by activation of fvils placed on the surfuce of fuel element
because of high power levels of the reactor as mentioned In Sectlon 4. It is possible
to replace the measurement of the relative distribution of neutron field on the
surface of fuel clement by the measurement in a replaced maltorial 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 repluced material, A = (N, - N) / N, is constant, depending only on the type
of the replaced material and non depending on the position of the fuel element
(4]. IFor the Dalat reactor it is necessary to check the perturbation effect of the
replacement of the fuel element by another material, for oxample, by a water
column or a plexiglass rod. '

The experiment is carried out for the reactor core londed with 85 fuel elements.
The axiul distribution of the thermal ncutrons 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 waler 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 coluimng. IBxperimental result
shows a similarity of cach pair of relative distribution curves of thermal neutrons
for each water columin and replaced plexiglass rod.

The coclficient A is constant in the error range for these H measured positions
and equals about 10%. This result is of great iinportance becnuse the size of Tfuel
element can not be 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 roflector 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 coluinn 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 oblained for all the investipnted
positions.

The second method: The perturbation may cause a strong chango of the neutron
densily ut the replaced position but no significant change at thoe other pluces in
the core [4]. This effect i3 also verified: for the considered positions.

The perturbation of the neutron field is chocked for the replacement of the
fuel element by the plexiglass rod using the second mothad.

From the experimental result il is concluded that the replacoment of the
measurement of relative distribulion of neutron fleld on the surfuce of fuel eleinent
by that in the water column or the plexiglass rod ls aceeptable. ‘This experimental
method will be used for the measurement of the spatial distribution of the thermal
neutrons presented in Section 6.

6. SPATIAL DISTRIBUTION OF TIIE 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 rimn shape with 4.3 ¢m inner radius,
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18.9 ¢ outer radius and 60 ¢m height. So Lthe thickness of the active core is 14.6
cm that is equal to 4 + 5 Limes of Lthe fuel clement 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
conlains 89 fuel clements, 7 control yods and 3 irradiatlon facilities. Therefore
the spatinl distribution of the neutron field will be complicated.

The measurement of thermal neutron field distributions s usually carried out
al few watts power by activation of foils placed on the fuel element surface. This
is difficult Lo apply for the Dalat reactor because of 1ts high critical powers as
mentioned in Section 4. As analysed in Scetion 5, the measuremont may be carried
oul by foil activation in a waler column or on the surface of a4 duinmy element,
made of plexiglass instead of the fuel element. 1n Lhe exporiinent the Cu foils ave
irradiated at 2.5 kW in 15 minules.

In 'ig.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., Ifig.8
shows that almost all the curves have nonsymmotrical shape which can be
expressed analytically as follows [6]:

P(z) = [A + C(2-30)] cosB,(z-30) )]
where A, C, B, are constants, C = 0 for symmetrical curve und B, i3 an axial
buckling.

Table 2. Neutron physics parameters of the Dalal reactor.

Paramelers Calculated & TRIGA

data

lexperimental data

Powor
Fuel cloment typo
Critical core loading

- without neutron trup

- with neutiun trup

- operational core loading

. 9,

Maximum thermal neatron flux, nfem®s

500k\W
VVR-M2

69 fuel elemonts

72 fuel clements

89 fuel clemaonts
PR

TRICA: 250kW
TRIGA: Uzl

77-80 (8], 69 [10]

77-80 (8], 72 [10]
04 [4]%, 89 [10]
228 10M (107

1.8 104 (g
0.81 102 18]

Elfective delayad neation fraction, fy ¢

Podde (O49£0.02)f8 ¢

Padt D061,
Inhomogencous coellicients

- radial L7200l 171 (8], 174 [10]

- axinl | a2 ool 135 18, 10}
Buckling, ny’

- radial ‘ 84.620.0 81.6 [9]

- axiul 16.6£0.6 16.4 [9]
Iiffective size, cm

- raddial 27.6¢1.0 26.2 [9]

- nxinl 77.0£0.9 71.7 [9)
Extrapolatod distance, em

- radial 8.741.6 8.8 (9]

- nxial 8.5£0.5 8.8 [9]

a: Calewlation in Ref.[8] s carried ot for the core locdded with 94 fuel elements.

The radial distribution of the thermal neutrons in the active core is shown in
Fig.8. It is obvious Lthat the curve has maximum value nearby the neutvon trap,
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decreases rapidly within the first fuel element, after that decreases slowly and
{inally raises nearby the beryllium reflector. This distribution ean be expressed
by the two-group neutron diffusion theory [7]:

P(r) = ap J lag(r-ag)) 4 aq lylag(r-ay)] (4)
where d, and I, are the Bessel funclions, aj + ag are constants.

The constants in Lhe expressions (3) and (4) are determined from experimental
data by the last square fitting method. So the geomelrical paramelers ol the core
such as innomogencous coefficients of m.ul,run field m axial and vadial directions
k, and k,, axial and radial bucklings 13, 2 and Br , ¢ffeetive height I, and
(,ff(,chw, radius Rygp, axial and radial extr upolul,cd distances A, and A, are obtained
(Table 2). In Table 2 are also presented caleulated valuey of l,lm above - mentloned
parameters [8, 9, 10] which agree well with the experimental result.

7. DISTRIBUTION OF THE TIHERMAL NEUTRON AROUND THE
GRAPIITE REFLECTOR

" The active core of an equivalent radius of 18.9 e is surrounded by the beryllium
layer of 2.9 cm average thickness and the graphite reflector of a rim shape with
45.2 c¢m inner diameter and 34.6 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 em width is made on the upper part of the graphite rveflector for
installing the rotary specimen rack which has 40 irradiation holes with diameter
of 3 e and depth of 20 em in distance of 35 ¢m from Lhe 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. 'T'hersfore the measurement is
carried out by the irradiation of Cu foils at. the inner and ouler surfaces and on
the upper surface of the reflector. The axial distribution curves al. the inner and
outer surfaces have nonsymietrical shapes. There Is a differenco bhotweon these
curves but not significant. The radius distribution of tho thermul neutrons on the
upper surface decreases with radius and has u great. value at Lthe position of Lhe
irradintion waler hole (Fig 9. "The experimental data may be deseribed by Che
two-group diffusion neutron theory 7). The ealedation shows Lhal Lthe 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 rolary speciimen rack is
determined by the aclivation of Cu foils placed at 20 irradiation holes. Fig.10
shows Lhe experimental resull of d/<d >, where <d> s the nverage value of the
20 measured data. From Fig.10 it is seen that there is 1 nonsymmentry of the
distribution: the holes at the direction of the | and 2 horizontal tubes have values
greater than the holes at the 3 and 4 horizontal tubes direcltion. The
nonsymmentrical value is 1.27

8. CONCILUSION

The main result of the investigation of the neutron physices clmrnclu Istics of
the Dalat reactor is as follows:
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o : Irradiation hole wilhout any Cu foll.

230



- The effective fraction of delayed pholoncutrons induced by Be(y,n) reactions
is 0.49% Peff and the crxtruné:uus neutron source left afler reactor shul down gives
the neutron flux of 10°+10% njem?s.

- The lowest. power levels of critical states of the reactor are aboul 5 Wz 60
W due Lo the existence of the extrancous source, but power Jevel must bo chosen
greater 000 W for neutron physics experiments to sustain the stable criticality
of the rcactor.

- The perturbation effect is obtained when a water column or a plexiglass
rod is substituted for a fuel element. In consequence, the mensurement of the
relalive distribution of thermal neutrons in the reactor may be carried oul by the
aclivation of foils placed in a water column or on the surface of o 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 Lhe inhomogenecous
cocfficients, the bucklings, the effective height and radius, the extrapolated
distances are obtained. '

- The thermal neutron distributions are measured around the old graphite
reflector.
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