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Tom tat

Dé khai thac dau khi trong thanh hé cat c6 do gan két yéu hoac bé rdi, viéc phai st dung ludi loc cat trong giéng khoan la can thiét dé
ngdn ngira su dich chuyén cda cét thanh hé di vao giéng (con goi la hién tugng cat chdy) lam tic nghén giéng khoan. Trong cong téc hoan
thién giéng than tran, ludi loc cat truc tiép 1a thanh phan chinh dé ngan nglfa cét chdy, do véy viéc lua chon duoc ludi loc cét pha hop la
yéu t then chét dé giam thiéu lugng cat di vao long giéng va téi uu vong doi khai thac clia giéng.

Hién nay, cac loai ludi loc cao cap (premium screen) vdi cac tam dan (meshes) bang thép lam cho d6 md cta khe ludi c6 hinh dang
phuic tap dan dén hiéu qua ngan ngira cat khac biét rat nhiéu so véi cac loai ludi truyén thang. Thi nghiém luu gitr cat duoc xem la tiéu
chuan va bat budc phai lam khi lua chon d6 mé va kich thudc khe h& clia ludi loc, va dugc dung dé xac dinh cac han ché cia viéc ngan

ngua cat cho ting dd md khac nhau.

Bai bdo trinh bay cac yéu t6 anh hudng dén két qua thi nghiém luu gitr cat va dé xuat giai phap khac phuc theo huéng can xem xét xu
hudng cla dit liéu hon la dua tuyét d6i vao két qua dau ra. Bai bao ciing trinh bay phuong phap danh gia thong qua su thay doi do tham
clia ludi loc dé cd két qua dinh luong hon so vdi cac phuang phap truyén thong.

Tir khoa: Cat chdy, lua chon ludi loc, thi nghiém luu g cét.

1. Giéi thiéu

DPé€ duy tri kha ning cho dong cua giéng, khé khan
chung trong hé théng khai thac 1a ki€ém soat dugc hién
tugng cat chay ti thanh hé vao giéng. Hién tuong cét
chdy - mét trong nhiing nguyén nhan chinh lam suy gidm
kha nédng khai thac cta giéng - tao ra nhiing nut cat chan
dong vao, lam an mon chudi thiét bj khai thac day giéng,
lam hu hai hé théng thiét bi bé mat nhu binh tach, dusng
éng... Viéc thuc hién cac thi nghiém dé mé phéng lai cac
qua trinh hinh thanh ciing nhu anh hudng cua hién tugng
cat chay la dic biét quan trong, gép phan danh gi4, kiém
soat va toi uu hiéu qua khai thac bao gom danh gia, lua
chon t6i uu loai lugi phu hgp dé ngan ngta hién tuong
cat chay.
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Thinghiém gi(r cat thusng ducc dung dé lua chon ludi
loc t6i uu lam ludi chan cat, nham kiém soat viéc cat chay
vao hé théng khai théac, gidam thiéu &nh hudng dén kha
nang khai thac cta giéng. Hai co ché (slurry va sandpack)
mo ta lai cat dugc khai thac chung véi san pham trong
khoang khéng gitta mat I6p cat va lugi chan, sau d6 hinh
thanh 1 I6p cat goi la bridging che mét khoang khéng,
ngan khong cho dong san phdm chay vao thanh giéng.
Pay la thinghiém c6 hiéu qua tng dung, pht hgp cho qua
trinh tiép can nghién cltu mdi.

2. Phuong phap thi nghiém

Viéc lua chon lugi loc phu hgp nhat si dung trong
qua trinh kiém soat cat can phai dugc xac dinh trudc giai
doan hoan thién giéng khai thac. Do vay, cac th& nghiém
luu gir cat trong phong thi nghiém sé dugc tién hanh
trén cac hé ludi loc khac nhau (Hinh 1) dé€ danh gia mdc
do hiéu qua cuta kich thudc mé luéi loc. Nghién clu cla
Coberly [1] cht yéu dya vao kich thudc hat cat thanh hé
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dé Iya chon dé mé clia ludi, khdng dé cap dén dd chon loc cling nhu
tinh déng nhat cda cat nén tinh thuc té khéng cao.

Céac thi nghiém déu do ap suat trong qua trinh thtt nghiém (hoac
t6c d6 dong chdy néu ap suat dugc kiém soat) va lugng cat thu dugc.
Qua trinh nay c6 thé thuc hién véi c cat via va cat mé phong. Chat luu
dung dé bom ép, t8c d6 dong chay va kénh la nhiing yéu t6 chinh anh
hudng dén két qua thi nghiém luu gitr cat. Khi sit dung cat thanh hé,
thi nghiém luu gitt cat dugc cho la rat hitu ich dé€ so sanh hiéu suat luu
gilt va kha nang bi tdc nghén cta cac loai lugi loc [2, 3].

Hiéu suat ludi loc thudng dugc danh gia dua trén 2 yéu té sau [4, 51:

+ Kha nang bi tdc nghén cla lugi dé danh gia thai gian st dung
lugi trudce khi bi tac nghén.

+ Kha nang giir cat d€ danh gia kha nang gil cat t6i da va khéng
cho 1 lugng cat dang ké lot qua ludi.

C6 2 loai thi nghiém luu giir cat: kiém tra I Itng (slurry test) va thi
nghiém géi cét (sand-pack test). Ca 2 thi nghiém nay déu co thé do
cac théng s6 sau [6]:

Hinh 1. Cdc logi Iudi loc co ban.
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Hinh 2. Thi nghiém lo limg - slurry test.
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+ Khéi lugng cét thu dugc la 1 ham cla
thai gian hodc la ham ctia khéi lugng cat dugc
bom vao nham danh gia hiéu qua giir cat cia
ludi.

+ Ap suat ting dan trong khoang luéi loc
va |6p cat cho y tudng danh gia kha nang bi
tac nghén ludgi.

+ Suphan bé kich thudc hat (PSD) clia cat
thu dugc sé giup dénh gid kha ndng x6i mon.

Nghién ctiu ctia Wu [5] chi ra rang trong
thi nghiém gilr cat, cat phai dugc lang dong
trén lugi loc & diéu kién ap suat giam dan
(drawdown pressure) dé€ tranh viéc hiéu sai vé
su gia tdng nhanh chéng clia ap suat do bi tac
nghén trén ludi ti thit nghiém téc d6 dong
chdy khong déi. Hién tuong bi tdc nghén
trén ludi c6 thé dugc xac dinh bang céch do
do tham chia ludi loc cét trudce va sau khi thi
nghiém hoan thanh. Hinh 3 la so d6 hé thiét bi
tha nghiém luu gilr cat.

Chua c6 tiéu chudn théng nhat vé cach
luu gilt cat nén dugc thuc hién nhu thé nao
hodc cach dién giai két qua ra sao. Cac thong
$6, chdng han nhu d6 tham qua lugng cét thu
dugc trén lugi va chénh ap qua ludi, cé thé xac
dinh dugc tu thi nghiém.

2.1. Thi nghiém slurry

Thi nghiém slurry st dung dung dich c6
noéng dé cat thap dugc bom qua ludi loc theo
cach ngan chan sy phan tach cat hinh thanh
trudc khi tac dong Ién ludi loc. Cat sé & trang
thai lo Iting trong dung dich (thudng la dung
dich c6 d6 nhét trung binh cao) va may bom
sé ddy dung dich nay vao dong chét luu téc
d6 cao (thudng cung loai chat luu trong via),
néng do cat sau d6 dugc pha tron lam loang
di va chay xudng lugi loc (Hinh 2). Thi nghiém
sé do lugng hat ran thu dugc sau khi qua luéi
loc va téc d& ma ap suat tich tu trén luéi loc
so vGi lugng cat da tiép xuc véi lugi loc. Thi
nghiém nay dugc si dung dé mé phdng cac
hién tuogng bén ngoai vanh giéng khoan.

2.2. Thinghiém sandpack

Mau tht nghiém dugc chuén bi bing cach
dat cat da tan ra vao ludi loc. Cat dugc dat truc
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ti€p lén ludi loc, sau d6 cho 1 chét luu dinh uét dugc chay qua
I6p cat va luéi loc. Ap suat nén dugc dit |én |6p cat dé IGp cat
ti€p xdc hoan toan véi ludi loc. Luong cat di qua sé dugc can
do cling nhu sy sut giam &p suat sé dugc ghi nhan (Hinh 3). Thi
nghiém nay mé phéng lai hién tugng sup & thanh hé hay kiém
tra kha nang ki€ém soat cat chay.

3. Cac yéu té &nh hudng dén két qua thi nghiém luu giir cat

Thi nghiém luu gilr cat dugc thuc hién cho cac loai lugi
khac nhau va tung loai via khac nhau. Tuy thuéc kich c& hat cat
thanh hé, ty & cat thu dugc cling nhu diéu kién an mon ma vat
lieu thiét ké hay cach xen kep cac tdm dan sé dugc diéu chinh.
Thanh phan sét hay dé dong nhat cda via cling anh hudng 1én
dén viéc lua chon loai luGi kiém soét cat chay [7]. Cach thiét
ké& va quy mé clia tiing loai hé thiét bj thi nghiém cling sé tac
dong dén két qua thi nghiém.
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Hinh 4. Biéu d6 phdn bé dd hat dua trén 2 phuong phdp [8].

3.1. Kich thudc cdat thanh hé

Xac dinh chinh xac kich thudc cat thanh hé déng
vai trd quan trong nén ky thuat dung dé phan tich
mau cat thanh hé cing rat quan trong. Ky thuat
phan tich su phan bé hat cat khéng dung sé dan
dén that bai khi st dung cac géi séi (gravel pack) hay
lugi loc do céc diém tic nghén sé hinh thanh hoac
cat sé chay nhiéu vao giéng. Phan bé kich thudc hat
(PSD) la chi s6 cho biét thanh phan tuong d6i tuong
Ung véi lugng hat theo ty 1é (%) clia cac kich c& hat
khac nhau c6 méat trong mau cét phan tich, vai téng
lugng hat 1a 100%. D& do PSD cla cat thanh hé c6
thé st dung phuong phap nhiéu xa laser hay con goi
la LPSA (laser particle size analysis) va phuong phap
sang kho (sieve analysis). Day la cac ky thuat duoc
thiét 1ap t6t dé do kich thudc cla cac hat va thudng
dugc dung déng thsi néu mudn c6 dai do dai tir cao
dén thap. Can luu y ring, cac hat cat dugc coi la c6
hinh cau trong ca 2 phuong phap, c6 nghia la kich
thudc hat bang véi dudng kinh tuong duong (dudng
kinh cia 1 qua cau tao ra hinh anh nhiéu xa giéng
nhu hat & hudng ngau nhién).

Cat mo phong véi cac hat tron dugc tao ra hoan
toan tu silica, nhung cat via chia nhiéu loai khoang
chat, anh hudng dén hinh dang va tinh chat hat.
Nhém téc gid cho rang nhiing quan sat nay c6 thé
khong dugc ap dung rong rai vi chi xem xét 2 loai cat
trong cac thr nghiém clia minh trong khi cat via nén
dugc st dung bat ct khi nao cé thé [4].

Gia tri phan bé kich thudc hat PSD sé la théng
s6 ban dau dé Iua chon loai ludi loc phu hop cho thi
nghiém ludi gilr cat. Vsi két qua phan tich PSD, sé co
cacgia tritud, -d, (tuong ting vai 10 - 90% lugng
hat céat trong 100% mau ban dau), ti dé tinh dugc
hé s6 dong nhat (uniformity coefficients) U_dua trén
cong thuc:

d40
e

TU Badng 1 c6 thé danh gia sa bd muc dé phan
loai cat via dé tir d6 c6 thé lua chon két cau ludi cling
nhu dé ma phu hgp cta 16 luéi.

3.2. Dé nhét cua chdt luu via (wetting fluid)

Cac giéng khai thac thudng hoat dong & diéu
kién 4p suat cao va/hodc nhiét dé cao. Tuy nhién, viéc
thir nghiém & diéu kién via trong phong thi nghiém
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Bding 1. Phan logi cdt
U, Phan loai cat
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Hinh 5. Ainh huing ctia hé s6 déng nhdt (U,) dén khd nding luu gidt cdt [8].
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Hinh 6. Biéu d6 thé hién miic d6 dnh hudng cia chdt luu dén thi nghiém [4].

Bding 2. Lurgng cdt thu dugc tuong ting vdi cdc logi chdt luu khdc nhau trén ciing 7 logi IuGi [4]

Loai luai Chét luu Tong lugng cat chdy qua (g)
150 DTW Chat luu c6 methanol 0,0272
. 0,0854
150 DTW Nudic bién 0,0912
150 DTW Dau 0,0027

kha nguy hiém va tén kém. Thi nghiém luu gilr cat dugc thiét ké
dé danh gia cac yéu t6 vat ly tac dong dén viéc tao ra hién tugng
tdc nghén (plugging) hay hiéu qua cla viéc kiém soat cat nhu t6c
dd dong chay, d6 nhét chat luu hay kich thudc hat cat thanh hé.
Nudc muéi ty trong cao va dung méi polymer hién nay chu
yéu dugc st dung d€ mé phdng chat luu via. Tuy nhién, luc lién
két phan t gitra cac chubi polymer kha manh nén rat kho hoa
tan khi khudy & t6c d6 thap va khi cac phan tl polymer khéng
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hoa tan dugc sé c6 thé dan dén tac nghén ludi loc.
Ngoai ra, cat téng hap (simulated sand) rat kho
phan tan trong chat luu. Chinh vi vay, can lua chon
chat luu cho thi nghiém c6 d6 nhét va stic cang
bé mat tuong tu véi chat luu via dé tranh cac hién
tugng trén. Theo cac nghién ctu clla Busahmin
[9], dau khoang dugc khuyén nghi st dung cho
thi nghiém luu gitr cat.

Hinh 6 1a biéu d6 thé hién lugng xuyén qua
ludi loc 150 mm ESS. Bang 2 la két qua lugng cat
chdy qua ludi co I6p cat khi st dung véi cac loai
chét luu khac nhau, dac biét 1a dau, methanol va
nudc bién.

3.3.Téc dé dong chdy (flow rate)

Két qua thr nghiém SRT cho thay dé ngan cét
lang xuéng trudc khi dén lugi loc, téc d6 dong
chay thuong dugc thiét ké cao hon, dao dong ti
50 ml/phat dén 5.000 ml/phut [5]. Tuy nhién, téc
dé dong chay cao thudng gay nhiéu loan, dan dén
su khéng 6n dinh clia vom cat trén lugi loc va lam
tang sai s6 clia két qua thi nghiém. Trén thuc té,
téc d6 dong chdy clia chat l1dng trong long dat la
téc do tham. Tracey Ballard cho rang t6c dé dong
chdy trong via chua la 0,01 - 0,1 cm/giay [10]. Do
do6, téc d6 dong chay can dugc tinh toan theo kha
nang cho dong khai thac thuc té cla giéng trudc
khi thi nghiém, va thi nghiém nén thuc hién lap lai
it nhat 2 1an dé tang tinh tin cdy cho két qua.

Bang 3 cho thay y tudng vé moi quan hé gilra
téc d6 dong st dung trong phong thi nghiém va
téc d6 dong khai thac ngoai via vai gia thuyét la
chi c6 50% tiét dién cla tdm lusi dugc mé dé cho
dong.

Hinh 7 la cho thay anh hudng cta t6c d6 dong
doi vai cac loai cat khac nhau (cat hat min méa dinh
danh la 1339 va 1341, cat hat to hon cé ma dinh
danh la 1343 va 1333).

D6i vdi cat hat min, kich thusc hat qua nho
dé dat hiéu qua luu gilr va méi quan hé gilta téc
dé dong va lugng cat thu dugc gan nhu la tuyén
tinh. Trong khi d¢, loai cat thé hon c6 hiéu qua luu
gilt t6t hon va maéi quan hé cé dang logarith hon.

Hinh 7 cling cho thay t6c dé dong chay cang
cao thi lugng cat thu dugc cang nhiéu nhung dén
thai diém nhat dinh khi khéng con cat thoét qua thi
viéc tang téc d6 dong chay khong cé nhiéu y nghia.
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Bdng 3. Bang quy ddi dong chdy [4]

T6c dd dong chay ctia thi nghiém (cm*/phiit)
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Hinh 7. Ainh huéng ciia téc d6 dong Ién cdc loai cdt khdc nhau [4].
Bding 4. So sdnh muc dg cdt thu dugc véi dong chdy tai via va thi nghiém [4]

T6cdd dong chdy = Lugng chdtluu () Téng lugng cat chdy qua (g)
16 va 24 ml/phdt
Toc d6 thi nghiém

1va 2 ml/phit
Toc do tai via

1 0,90

4 0,005

3.4. Nong dé slurry

Néu tron cat thi nghiém theo ty 1é cat chay thuc té thi
thai gian thi nghiém cé thé kéo dai 1 tudn, tham chi lau
haon. Do d6, cac thit nghiém cé thé dugc thiét ké dé xem xét
tinh hu6ng xdu nhat bang cach diéu chinh néng d6 slurry.

3.5. Hién tuong tao kénh dan trong thanh hé (channel
formation)

Cac kénh dan trong thanh hé xuat hién & thanh bgs
cla I&p cat sé tao ra 1 dong chdy uu tién va lam giam
lugng cat di qua ludi. Su hinh thanh kénh dan nay sé thay
r6 trong dir liéu ap sudt nhung thudng it xuat hién ngay
tu lic ban dau clia thi nghiém. Hién tugng nay xay ra phd
bién nhat khi thi nghiém véi cac 16p cat c6 dé tham thap.
Hinh 8a la vi du vé hién tugng tao kénh dan va Hinh 8b
cho thay su anh hudng cta kénh dan nay lén luong cat
thu dugc. Viéc hinh thanh kénh dan sé dan dén sai sé rat
I6n, dén muc lam sai léch hoan toan két qua thi nghiém.
Dé phat hién hién tugng nay trong qua trinh thi nghiém
can theo déi dudng chénh ap di qua I6p cat. Néu chénh

41.800
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Téc d6 dong khai thac tai via c6 bé day khoang 500 ft

(thung/ngay)
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7.400
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(b)
Hinh 8. Hién tuong tao kénh ddn (channelling) (a)
va biéu da thé hién s dnh hudng (b) [4].

ap gidm nhanh vé 0 chiing té da xuat hién kénh dan va
nén duing thi nghiém dé kiém tra va thay thé. Céng nghé
vat liéu hién nay c6 thé ché tao bd luu gilt cat bang chat
liéu trong sudt, gitp phat hién sém hién tugng tao kénh
dan (Hinh 8).

3.6. D6 thdm (permeability)

Cac loai thi nghiém nay do cac loai d6 tham sau:

- D6 tham cua 16p cét hinh thanh dugc gil lai trén
luéi loc;

- D6 thdm cda lép cat + luéi log;
- D6 thdm ban dau cda ludgi log;
- Do tham con ton tai sau khi gat bd 16p cat trén

luéi loc.
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D rong ludi (%) 55 dso/Uc/d0 mé lugi 0,147
Do tham ban dau cla 2,095 D0 thdm thanh hé ap suat 73
ludi (darcys) ’ nén 1.000 psi (md)
Thong tin thi nghiém
D,Q tha,r.n sau cling 1587 dm.cua hat ran daura 36
cua ludi (darcys) (microns)
Do tham con lai (%) 76 Lugng hat ran chdy qua lugi 0,194

Hinh 9. Méi tuong quan gidia d6 thdm va dp sudt nén (a)
va bdng két qud ddnh gid ludi loc (b) [11].

Dinh luat Darcy dugc st dung dé tinh toan dé tham
cla hé théng tir cac phép do cua thi nghiém:

Trong dé: K: D6 tham (darcy);

p: DO nhat luu chat tai diéu kién thi nghiém (cP);
Q: T6c d6 dong (cm?/gidy);

L: Bé day I6p cat hay lugi (cm);

A: Tiét dién bé mat I6p cat hoac ludi (cm?);

Ap: Chénh ap (atm).

Ngoai viéc danh gia hiéu qua cua ludi loc, viéc do cac
chi tiéu d6 thdm nay con danh gia dugc muc do tén hai
cla dong dung dich hén hgp chira cat tac déng lén ludi,
tur d6 dua ra cac yéu ciu dé thiét ké ludi tét hon.

4. Két luan

Nghién ctru da thiét l1ap 1 phuang phap tht nghiém
dang tin cdy danh gia hiéu suat clia lugi loc cat dong thoi
cho thay céc yéu t6 khéng dugc kiém soat co thé lam sai
léch két qua. D€ dua ra két qua c6 y nghia cho 1 ting dung
cu thé doi hai tat ca cac khia canh cla th nghiém phai
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dugc xem xét va ap dung can trong. Viéc lua chon ludi loc
hoan toan ti phan bé kich thuéc hat cat via khéng nhat
thiét phai thich hgp hon. Cac tiéu chi nén dugc danh gia
dua trén két qua tur thi nghiém ludi gitr cat.

Thi nghiém nay dang dugc st dung dé phan loai lugi
loc cho cac déi tuong dia chat khac nhau va sé dugc toi
uu hoa khi c6 thém nhiéu dit liéu trong cac diéu kién khac
nhau. Nhimng nghién ctru dugc thuc hién cho thay:

- Lua chon va chuan bi cat thit nghiém la rat quan
trong vi su phan bé kich thudc cat dnh hudng dang ké
dén két qua. Ca pham vi kich thudc va dé chon loc déu
quan trong;

- Thiét ké bo gilr cat c6 thé anh huéng dén két qua
néu ché d6 dong chay thich hgp khéng duoc thiét lap
trudc khi dung dich cat dugc bom dén ludi log;

- Can phai dam bao toan bo céat thuc té ban dau
dugc van chuyén dén ludi loc. Toéc d& dong thr nghiém
thudng phai cao hon nhiéu so vdi téc dé thuc cda via dé
tiét kiém thai gian;

- Hiéu suat luéi loc nén dugc danh gia dua trén ca
kha nang gilr cat va do tham. Khong thé lua chon 1 théng
s6 duy nhat dé danh gia va cac danh gia cé gia tri phai
dugc thuc hién can clr vao cac yéu cau cu thé clia du an;

- Nhiing thf nghiém tuong ty da dugc chiing minh
la cuc ky nhay cam véi cac diéu kién thd nghiém nén
khéng thé so sanh truc ti€p két qué tir cdc phong thi
nghiém khac nhau, vi vay can phai theo déi sat sao toan
bo thi nghiém;

- Su phan bo kich thudc hat sé khac nhau tuy thudc
vao phuong phap.
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EVALUATING THE SCREEN PERFORMANCE IN SAND CONTROL DESIGN
BY LABORATORY SAND RETENTION TEST
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Summary

To produce oil and gas from unconsolidated sandstone reservoirs, sand screens are necessary to control sand flowing from the formation
into the wells, causing well pluggings. In open hole completion, stand-alone sand screen is an essential component to prevent sand production,
thus, selection of suitable sand screens is critical to minimize sand production and optimize the well’s production life.

Nowadays, premium screens with steel meshes make the openings of the screen slots complex in shape, resulting in a very different
effect of sand retention compared to the traditional screens. The sand retention test is considered a standard and must be conducted to select
screen opening and size, which decides the sand prevention capacity of the screen.

The paper presents the factors affecting the results of [aboratory sand retention tests and proposes solution in the direction of considering
the data trend rather than relying completely on the output results. The paper also brings about the evaluation method through the change
the screen’s permeability to have better qualitative results compapred to the traditional methods.

Key words: Sand production, sand screen selection, sand retention test.

DAU KHi - SO 11/2022 49



